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FOREWORD 

A pane l on r a d i a t i o n c o n t r o l of h a r m f u l o r g a n i s m s t r a n s m i t t e d by food 
and feed p r o d u c t s , with s p e c i a l r e f e r e n c e to s a l m o n e l l a e , w a s convened by 
t h e I n t e r n a t i o n a l A t o m i c E n e r g y Agency in D e c e m b e r 1962. T h e m e e t i n g 
w a s m o t i v a t e d by a c o n s i d e r a t i o n of t he i n c r e a s i n g r i s k of t r a n s m i s s i o n of 
p e s t s and d i s e a s e s that i s a c o n s e q u e n c e of the g rowth in w o r l d t r a d e wi th 
such c o m m o d i t i e s . Mos t food and feed p roduc t s a r e d i s t r i b u t e d f r o m l a r g e 
c e n t r a l i z e d p l a n t s , and an i n c i d e n c e of p r i m a r y i n f e c t i o n a t s u c h c e n t r e s 
can lead to the sp r ead of d i s e a s e s over wide a r e a s and among a g r ea t number 
of ind iv idua l s . Although the p r o b l e m ex i s t s in al l count r ies , it i s often m o r e 
s e v e r e in t r o p i c a l and s u b t r o p i c a l r e g i o n s w h e r e good san i t a t ion i s d i f f icu l t 
to m a i n t a i n . 

The p r i m a r y p u r p o s e of t he p a n e l w a s to a d v i s e the D i r e c t o r G e n e r a l 
of t he I n t e r n a t i o n a l A t o m i c E n e r g y A g e n c y a s to how t h e A g e n c y can b e s t 
f u l f i l i t s r o l e in t h i s f i e l d . The m e e t i n g w a s a t tended by twe lve e x p e r t s on 
pub l i c h e a l t h p r o b l e m s , food hyg iene , r a d i o m i c r o b i o l o g y and r a d i a t i o n 
technology and by r e p r e s e n t a t i v e s of the Food and A g r i c u l t u r e Organ iza t ion 
of t he United N a t i o n s (FAO) and the Wor ld Hea l th O r g a n i z a t i o n (WHO). In 
v iew of the s e r i o u s n e s s of the p r o b l e m of thé s p r e a d of s a l m o n e l l a e and of 
t h e f a c t t h a t r a d i a t i o n c o n t r o l s e e m s to o f f e r s i g n i f i c a n t a d v a n t a g e s i n a 
n u m b e r of c a s e s , it was r e c o m m e n d e d by the panel m e m b e r s that the Agency 
should unde r t ake to publ i sh the p a p e r s p r e s e n t e d . Th is s e e m e d to be d e s i r -
able a l so , b e c a u s e no mee t ing a p p e a r s to have been held p rev ious ly at which 
t h e u s e f u l n e s s of r a d i a t i o n fo r the e l imina t ion of h a r m f u l m i c r o b e s was r e -
viewed in such de ta i l and aga in s t the background of so much i n f o r m a t i o n on 
the o v e r a l l p r o b l e m . 

In p r e s e n t i n g th i s compi la t ion , the In t e rna t iona l Atomic E n e r g y Agency 
would l ike to e x p r e s s i t s g r a t i t u d e to a l l p a r t i c i p a n t s in the p a n e l f o r t h e i r 
a d v i c e and gu idance . 
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THE EPIDEMIOLOGY OF SALMONELLOSIS 
IN RELATION TO ITS TRANSMISSION 

BY FOOD AND FEED PRODUCTS 

A. GRANVILLE 
SCHOOL OF VETERINARY MEDICINE, 
CUREGHEM, BRUSSELS, BELGIUM 

Abstract — Résumé — Аннотация — Resumen 

THE EPIDEMIOLOGY OF SALMONELLOSIS IN RELATION TO ITS TRANSMISSION BY FOOD AND FEED 
PRODUCTS. The occurrence of salmonellosis in animals and man is being considered, and on the basis of an 
extensive l i terature survey attention is drawn to the frequent presence of Salmonel la in animals and m a n . 
The modes of contamination now believed important, particularly the part played by food and feed products 
and of water, are also reviewed. A survey is made of different existing methods for disinfection of such products. 

The author ends by recall ing general measures of hygiene which should be observed to min imize the 
hazard of food poisoning by Salmonella . 

EPIDÉMIOLOGŒ DE LA SALMONELLOSE ET SA TRANSMISSION A L'HOMME ET AUX ANIMAUX PAR 

L'INTERMÉDIAIRE DES ALIMENTS. L'auteur étudie la salmonellose de l 'homme et des animaux; se fondant 

sur de nombreux ouvrages, il souligne la présence fréquente de Salmonellae chez l 'homme et les animaux. 

П examine également les voies de contamination actuellement considérées comme importantes, en particulier 

le rôle joué par les aliments et l 'eau. E passe en revue les différentes méthodes actuelles.de désinfection de 

ces produits. 

L'auteur termine son exposé en rappelant les mesures générales d'hygiène à prendre pour réduire les risques 

de contamination des aliments par les Salmonellae. 

ЭПИДЕМИОЛОГИЯ САЛМОНЕЛЛЕЗА В СВЯЗИ С ПЕРЕНОСОМ ЕГО С ПИЩЕВЫМИ ПРОДУКТАМИ И КОРМАМИ. Рас-
сматривается распространение салмонеллзэа у животных и человека, и на основе изучения обширной 
литературы обращается внимание на частые случаи наличия салмонеллы в организме животных и чело-
века., Рассматриваются также считающиеся сейчас важными пути заражения, и особенно та роль, кото-
рую играют в этом пищевые продукты, корма и вода. Рассматриваются различные существующие методы 
дезинфекции этих продуктов. 

В заключение автор напоминает 00 общих гигиенических мерах, которые необходимо осуществлять, 
чтобы свести к минимуму опасность заражения пищевых продуктов салмонеллой. 

EPIDEMIOLOGÍA DE LA SALMONELOSIS: SU TRANSMISIÓN' POR LOS ALIMENTOS Y LOS FORRAJES. La 

memor ia estudia la salmonelosis en los animales y en el hombre sobre la base de una revisión muy completa 

de la bibliografía, destaca la frecuencia con que se encuentran Salmonellae en los animales y en el hombre. 

Examina las formas de contaminación que hoy se consideran importantes, en especial por conducto de los al i-

mentos, los forrajes y el agua. Estudia los diversos métodos que se aplican para desinfectar dichos productos. 

El autor termina recordando las medidas generales de higiene que se deben adoptar para reducir a un 

múi ímo el peligro de que los alimentos queden contaminados con Salmonellae. 

S a l m o n e l l a i n f e c t i o n s w e r e long c o n s i d e r e d s i m p l y a s z o o n o s e s , i . e . 
a n i m a l d i s e a s e s tha t c an be t r a n s m i t t e d to m a n . T h e p r e s è n t t r e n d i s t o 
c o n s i d e r t h e m r a t h e r a s a n t h r o p o z o o n o s e s (van d e r S C H A A F [200]) , i . e . 
d i s e a s e s t r a n s m i t t e d d i r e c t l y o r i n d i r e c t l y by m a n to a n i m a l s ; the r o l e of 
m a n i s not a l w a y s e a s y to d e t e r m i n e . 

We shal l not h e r e d e s c r i b e Salmonel la , tne causal o r g a n i s m , but m e r e l y 
point out that eve ry month new s e r o t y p e s a r e being d i scove red and ident i f ied . 

9 



10 A.- GRANVILLE 

Al though 700 to 800 a r e now known, K a u f m a n n b e l i e v e s t h e r e m a y be a s m a n y 
a s 3000 (LANG [117] ). 

S ince h u m a n b e i n g s a r e u s u a l l y in fec ted by c o n s u m i n g con t amina t ed food 
of a n i m a l o r v e g e t a b l e o r i g i n , we s h a l l f i r s t c o n s i d e r s a l m o n e l l o s i s in a n i m a l s . 
T h i s w i l l g i v e u s a b e t t e r u n d e r s t a n d i n g of s a l m o n e l l o s i s i n m a n a n d i t s 
e p i d e m i o l o g y . 

S A L M O N E L L O S I S IN A N I M A L S 

A d i s t i n c t i o n i s u s u a l l y m a d e b e t w e e n a c u t e s a l m o n e l l o s i s ( p r i m a r y o r 
s e c o n d a r y to an a f f e c t i o n wh ich , f o r e x a m p l e , h a s n e c e s s i t a t e d e m e r g e n c y 
s l a u g h t e r i n g ) and c h r o n i c s a l m o n e l l o s i s ( the p r e s e n c e of S a l m o n e l l a i n 
c a r r i e r s w h i c h t e m p o r a r i l y o r p e r m a n e n t l y e x c r e t e i t and i n s u c h o r g a n s 
a s t h e l i v e r and t h e m e s e n t e r i c g a n g l i a ) . 

A c u t e s a l m o n e l l o s i s s o m e t i m e s a p p e a r s a s m i n o r o r e v e n l a r g e - s c a l e 
e p i z o o t i c d i s e a s e , m a n i f e s t e d i n l i v e s t o c k d i a r r h o e a , f r e q u e n t l y b l o o d y , 
which in c e r t a i n a n i m a l s c a u s e s e x t r e m e l y s e r i o u s - and s o m e t i m e s f a t a l -
d i s o r d e r s . O n e c a s e , c a u s e d by S a l m o n e l l a dub l in , w a s r e p o r t e d v e r y 
r e c e n t l y by P E R D R I X et a l . [ 1 5 4 ] . Of t h i r t y cows , t e n w e r e v e r y s i c k , and 
t w o d i e d . C o c c i d i o s i s w a s f i r s t t hough t of , bu t t h e n a n o n - g a s o g e n i c 
S a l m o n e l l a dubl in ( p r e v i o u s l y i s o l a t e d in I r a n and F r a n c e ) w a s i s o l a t e d . T h i s 
o r g a n i s m has a l s o been found in the c e r e b r o s p i n a l fluid of a ch i ld . The h e r d 
w a s heav i ly i n f e s t e d by f l ukes and s t r o n g y l e s . 

In E n g l a n d M O R T E N [142] r e p o r t s a v e r y s e r i o u s e n z o o t i c i n a f a r m 
of 128 a n i m a l s ( c o w s and c a l v e s ) . S a l m o n e l l a t y p h i m u r i u m , t y p e IA, w a s 
i s o l a t e d . B e s i d e s e x h i b i t i n g t h e c u s t o m a r y s y m p t o m s of b loody d i a r r h o e a 
a n d a s h a r p d r o p i n t h e o u t p u t of m i l k , s e v e r a l c o w s a n d c a l v e s d i e d a n d 
o t h e r s w e r e s l a u g h t e r e d i n e x t r e m i s . H u m a n c a s e s w e r e a l s o r e p o r t e d , 
a n d t h e H e a l t h O f f i c e r o r d e r e d t h a t m i l k s h o u l d b e b o i l e d . T h e p r i m a r y 
c a u s e of the i n f e c t i o n i s unknown,but t h e r e i s a g r e e m e n t in thinking in t e r m s 
of an i n f ec t i on t r a n s m i t t e d by an a n i m a l . 

P Ü S C H N E R [163] ( M u n i c h ) r e p o r t s t h a t 7 out of 10 c o w s w h i c h c o n -
t i n u o u s l y e l i m i n a t e d S a l m o n e l l a dub l in had d i s t o m a t o s i s and t h a t , o v e r a n 
e i g h t - w e e k p e r i o d , 8 p i g s f r o m a s t y had t o be s l a u g h t e r e d b e c a u s e of a c u t e 
s a l m o n e l l o s i s f r o m S a l m o n e l l a t y p h i m u r i u m . 

P i g s a r e o f t e n c h r o n i c c a r r i e r s of g e r m s , h a r b o u r i n g t h e S a l m o n e l l a 
i n t h e i r g a n g l i a and e l i m i n a t i n g t h e m wi th t h e f á e c e s ; t h e S a l m o n e l l a a r e 
s o m e t i m e s a b s e n t f r o m t h e l a t t e r ye t p r e s e n t i n t h e f o r m e r . In 1959 
w e p u b l i s h e d a t a b u l a t i o n s u m m a r i z i n g n u m e r o u s d a t a o n t h i s s u b j e c t 
( G R A N V I L L E [71] ). M e a n w h i l e , DRAGER [50] in G e r m a n y and K A M P E L -
M A C H E R et a l . [107] in the N e t h e r l a n d s h a v e been e m p h a s i z i n g the g rowing 
i m p o r t a n c e of p i g s a s r e s e r v o i r s of S a l m o n e l l a . 

In G e r m a n y s t a t i s t i c s of L e r c h e a n d B a r t h e l p u b l i s h e d i n 1943 s h o w 
t h a t , of 6100 s t r a i n s i s o l a t e d , 55% w e r e f r o m c a l v e s and 7% f r o m p i g s . T o -
d a y p i g s a c c o u n t f o r 15% in t h e F e d e r a l R e p u b l i c of G e r m a n y and f o r 49% in 
t h e G e r m a n D e m o c r a t i c R e p u b l i c (KELCH [ 1 0 8 ] ) . 

In B e l g i u m G R A N V I L L E and F I E V E Z [72] found S a l m o n e l l a i n 25% of 
t h e e x c r e m e n t s of p i g s . 

In s h e e p , s a l m o n e l l o s i s c a u s e s a b o r t i o n s (S. a b o r t u s o v i s ) . T h e r o l e 
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of r a m s in h a r b o u r i n g the o r g a n i s m in t h e i r t e s t i c l e s i s s i gn i f i can t (WOJTEK 
[212] and J A C O B [97] ). 

In c a l v e s s u f f e r i n g f r o m d i a r r h o e a , S a l m o n e l l a i n f e c t i o n i s qu i t e f r e q u e n t 
a n d i s o f t e n s e r i o u s , i n v o l v i n g a r a p i d g e n e r a l i z a t i o n . T h e f a c t t h a t 
S a l m o n e l l a a r e o b s e r v e d i n t h e o r g a n s ( l i v e r , b i l e ) and not i n t h e m u s c l e s 
d o e s not j u s t i f y r e l e a s i n g t h e m e a t f o r c o n s u m p t i o n . Work ing wi th 63 c a l v e s 
f o u n d t o b e c a r r y i n g S a l m o n e l l a i n o r g a n s but no t i n t h e i r m e a t , S T R U C K 
[190] i s o l a t e d S a l m o n e l l a in the m e a t of 28 d u r i n g a 15-d s t o r a g e of the c a r -
c a s s e s in a r e f r i g e r a t o r . If t o t a l s e i z u r e had not b e e n o r d e r e d , t h i s m e a t 
f r o m i n f e c t e d c a l v e s would h a v e b e e n c o n s u m e d . 

In D e n m a r k 3.5% of c a l v e s d i e d of s a l m o n e l l o s i s i n r e c e n t y e a r s . 
D Y K S T R A [52] c o n s i d e r s t h i s p e r c e n t a g e s i m i l a r t o w h a t h e o b s e r v e d i n 
t h e N e t h e r l a n d s . H o w e v e r , in f a r m s a f f e c t e d by s a l m o n e l l o s i s , t h e m o r -
t a l i t y m a y e x c e e d 25%. M o d e r n t h e r a p e u t i c t e c h n i q u e s h a v e g r e a t l y d e -
c r e a s e d t h i s f i g u r e . D y k s t r a b e l i e v e s t h a t i t i s t h e g e r m - c a r r y i n g a d u l t s 
w h i c h t r a n s m i t t h e d i s e a s e t o t h e young a n i m a l s . On a f f e c t e d D u t c h f a r m s 
h e i s o l a t e d 63 a d u l t a n i m a l s out of 2190 a s be ing c a r r i e r s , i . e . 2.9%. T h e 
f i g u r e f o r n o n - a f f e c t e d f a r m s w a s 0.56%. T r a n s m i s s i o n i s s u p p o s e d to have 
o c c u r r e d t h r o u g h t h e m i l k o r by c o n t a c t ( f a e c e s , s h o e s , c l o t h i n g , e q u i p -
m e n t , d o g s e t c . ) . 

ROKEY and ERLING [170] (United S ta tes ) r e p o r t a 33% m o r t a l i t y a m o n g 
t h e 85% young c a l v e s s i c k in an e p i d e m i c c a u s e d by S. dubl in . 

B a c t e r i o l o g i c a l e x a m i n a t i o n of the c a r c a s s e s of e m e r g e n c y - s l a u g h t e r e d 
a n i m a l s o r s u s p e c t s y i e l d s v a l u a b l e d a t a . W O L Z [213] ( G e r m a n y ) n o t e s 
t h e l e a d i n g r o l e of S a l m o n e l l a , 7674 s t r a i n s of w h i c h w e r e i s o l a t e d f r o m 
1937 t o 1941 (5 y r ) and 17 965 f r o m 1951 t o 1956 ( 6 y r ) . C a l v e s a c c o u n t f o r 
3.5%, b o v i n e s f o r 1.3%, p i g s f o r 0 . 8 % and o t h e r a n i m a l s f o r 1%. C o n s i d e r -
ing how s m a l l t h e n u m b e r of s l a u g h t e r e d c a l v e s i s in r e l a t i o n to s l a u g h t e r e d 
b o v i n e s , i t w i l l b e s e e n t h a t S a l m o n e l l a i n f e c t i o n i s f r e q u e n t in c a l v e s 
s l a u g h t e r e d b e c a u s e of d i s e a s e . D E N N L E R [42] ( M u n i c h ) e s t i m a t e s t h e 
f i g u r e f o r 1960 a s be ing 40.9% of the c a l v e s e x a m i n e d . S. t y p h i m u r i u m w a s 
i s o l a t e d in 51% of c a s e s o v e r a 1 6 - y r p e r i o d (PÜSCHNER [162 ] ) . 

In H a m b u r g t h e p e r c e n t a g e of S a l m o n e l l a d e t e c t e d in e m e r g e n c y -
s l a u g h t e r e d a n i m a l s d r o p p e d f r o m 10.5% in 1952 t o 2% in 1960. T h e c r e d i t 
g o e s t o t h e V e t e r i n a r y S e r v i c e , w h i c h in e v e r y c a s e i n v e s t i g a t e d at t h e 
p l a c e s of o r i g i n (STRUCK [189] ). In 1959 and 1960 BULLING [33] f o u n d 8 0 4 
s t r a i n s of S. dub l in f o r 100 s t r a i n s of S. t y p h i m u r i u m . 

In b a c t e r i o l o g i c a l e x a m i n a t i o n s of c a s e s of m i l i a r y n e c r o s i s of the l i v e r 
of c a l v e s , S T O L L [187] i s o l a t e d S a l m o n e l l a 41 t i m e s i n 103 s a m p l e s ; i n 
t h e o t h e r s h e f o u n d C o l i b a c t e r i a , M i c r o c o c c i , C o r y n e b a c t e r i a a n d e v e n 
o n e B r u c e l l a . 

L I P P M A N N [127] c o n s i d e r s it d a n g e r o u s and even u n e c o n o m i c a l to p r e -
p a r e t h e m e a t f r o m a calf t h a t h a s been s u f f e r i n g f r o m d i a r r h o e a , be l i ev ing 
i t p r e f e r a b l e t o a t t e m p t t o avo id t h e r i s k of i n f e c t i n g s u c c e s s i v e c a l v e s a s 
w e l l a s avo id ing s t e r i l i z a t i o n of e q u i p m e n t , c lo thing and p r e m i s e s . He p r o -
p o s e s t h a t s u c h c a l v e s s h o u l d not be a c c e p t e d f o r s l a u g h t e r u n t i l t h e r e s u l t 
of t h e b a c t e r i o l o g i c a l e x a m i n a t i o n of t h e f a e c e s b e c o m e s n e g a t i v e . 

In P o l a n d GAUGUSCH [66, 67] n o t e s tha t s i n c e 1957 S a l m o n e l l a i n f e c t i o n 
i n a n i m a l s s u b j e c t e d t o b i o l o g i c a l e x a m i n a t i o n h a s s h o w n a m a r k e d l y d o w n -
w a r d t r e n d . In 1961 t h e f i g u r e f o r p i g s w h i c h w e r e c a r r i e r s of S a l m o n e l l a 
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d r o p p e d to 0.02%, S. cho le raesu ' i s de f in i t e ly p r e d o m i n a t i n g over S. t y p h i m u -
r i u m . He a t t r i b u t e s t h e i m p r o v e m e n t t o s p e c i a l e c o l o g i c a l and n u t r i t i o n a l 
c o n d i t i o n s . 

In c o n t r a s t , B O E F F [26] ( B u l g a r i a ) f o u n d S a l m o n e l l a i n 23 .3% of t h e 
p i g s , 2 . 3 % of t h e b o v i n e s , 2 . 6 % of t h e c a l v e s a n d 3 . 4 % of t h e g o a t s 
s l a u g h t e r e d f o r m e a t . 

A S D R U B A L D I and C O P P I N I [16] in t h e I t a l i a n p r o v i n c e of P e r u g i a r e -
p o r t Salxn^nella^ in 0.004% of the 11 340 b a c t e r i o l o g i c a l e x a m i n a t i o n s (4294 
a u t o p s i e s , 6646 f o r m e a t ) m a d e b e t w e e n 1950 a n d 1959; S. t y p h i m u r i u m 
p r e d o m i n a t e d i n c a t t l e , S. c h o l e r a e s u i s ( K u n z e n d o r f v a r i e t y ) i n p i g s . 

K A M P E L M A C H E R et a l . [107] , s u m m a r i z i n g e x t e n s i v e r e s e a r c h in t h e 
N e t h e r l a n d s in 1961, c o n c l u d e f r o m c o m p l e t e b a c t e r i o l o g i c a l e x a m i n a t i o n s 
( m u s c l e s , o r g a n s , g a n g l i a , f a e c e s ) of 600 p i g s t h a t 181 , o r 30 .1%, w e r e 
c a r r i e r s of S a l m o n e l l a . In s i m i l a r e x a m i n a t i o n s on c a l v e s , S a l m o n e l l a 
( m a i n l y S . t y p h i m u r i u m ) w a s i s o l a t e d i n 6% of t h e c a s e s . 

In B e l g i u m f r o m S e p t e m b e r 1958 to A p r i l 1960 S T A E L E N S [184] e x a m i n e d 
t h e m e s e n t e r i c g a n g l i a of 1007 p i g s and i s o l a t e d S. n e w i n g t o n i n one c a s e 
and S. d u b l i n in a n o t h e r . 

F r e q u e n t i n f e c t i o n i n p o u l t r y by v a r i o u s t y p e s of S a l m o n e l l a (S . g a l -
l i n a r u m , S. p u l l o r u m , S. t h o m p s o n , S. b a r e i l l y e t c . ) w a s r e p o r t e d b y 
M O R R I S and A Y R E S [141] . 

Out of 16 655 s a m p l e s of f a e c e s f r o m 76 duck f a r m s , P U L S T [160] found 
714 t o be p o s i t i v e ( i . e . showed S a l m o n e l l a ) . Out of 2254 s a m p l e s of f a e c e s 
f r o m 29 g e e s e f a r m s , 101 w e r e p o s i t i v e . 

In 17 s a m p l e s of i m p o r t e d duck f e a t h e r s , LANG [117] i s o l a t e d 16 t y p e s 
of S a l m o n e l l a . S i m i l a r f i n d i n g s w e r e o b t a i n e d i n f e a t h e r s i m p o r t e d f r o m 
A s i a ( H O F M A Ñ Ñ e t a l . i[93] ). 

RASMUSSEN [166] found tha t 1.3% of 62 476 d u c k s e x a m i n e d had a r t h r i -
t i s . I n ha l f t h e c a s e s S. t y p h i m u r i u m w a s i s o l a t e d f r o m t h e l e s i o n s . 

P R I C E et a l . [159] f o u n d 4 9 1 c a s e s of S a l m o n e l l a in 7029 d u c k s e x a m i n e d 
o v e r a 1 0 - y r p e r i o d ; 93% i n v o l v e d S. t y p h i m u r i u m . 

A c c o r d i n g t o G O E T Z [70 ] , t u r k e y s a r e s o m e t i m e s a f f e c t e d by S. t y p h i -
m u r i u m i n f e c t i o n s . In young t u r k e y s (3 to 21 d) P a r a c o l o n a r i z o n a can l e ad 
t o 90% m o r t a l i t y . A c a m p a i g n s i m i l a r to t h e p u l l o r u m d i s e a s e c a m p a i g n i s 
n e e d e d . , 

S a l m o n e l l o s i s h a s a l s o b e e n d e s c r i b e d in a l a r g e n u m b e r of o t h e r 
b i r d s , a n i m a l s a n d f i s h . 

Van DORSEN et a l . [202] r e p o r t e d S. t y p h i m u r i u m in gul ls on the G e r m a n 
a n d D a n i s h c o a s t s ; N I E L S E N [147] f o u n d 2% c a r r i e r s of S. t y p h i m u r i u m ; 
E L L E M A N N [54] r e p o r t e d t h a t , of 306 gu l l s sho t down, 5.2% w e r e i n f e c t e d 
w i t h S a l m o n e l l a : 12 c a s e s of S. t y p h i m u r i u m , 2 of S. v i r c h ó w a n d 1 of 
S. n e w p o r t . 

In s p a r r o w s D É O M [44] i d e n t i f i e d S. c a l i i o r n i a . T I H S E N [196] f o u n d 
in 152 c o m m o n s p a r r o w s 1 c a s e of S. p u l l o r u m . See LUCAS et a l . [129] f o r 
d a t a on l a r k s . On c a n a r i e s , t u r t l e doves , go ld f inches , p a r r o t s and p e a c o c k s , 
s e e GRANVILLE and F1EVEZ 172] . 

G U E R R E [78] r e p o r t e d t h a t of 450 i n d i v i d u a l s 60 n u t r i a d i e d i n 10 d 
f r o m S. t y p h i m u r i u m . STEINIGER [185] found t h a t S. t y p h i m u r i u m e x i s t e d 
f o r s e v e r a l m o n t h s i n a v i p e r . STEINIGER [185] o b s e r v e d S . t y p h i m u r i u m 
f o r 9 m o n t h s in t o r t o i s e s . 
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VINCENT et a l . [203] r e p o r t e d tha t 96.3% of M o r o c c o t o r t o i s e s in r u r a l 
a r e a s a r e i n f e c t e d . T h e r a t e f a l l s off d u r i n g h i b e r n a t i o n ; t h i s i s q u i t e n o r - ' 
m a l , s i n c e t h e r e i s no r e i n f e s t a t i o n . T o r t o i s e s in p a r k s o r w i th w h i c h 
c h i l d r e n p l a y a r e a d e f i n i t e h a z a r d . On h a r e s , g u i n e a - p i g s , m i n k s , s e e 
L U C A S et a l . [129] . 

KENDERESKI [110] no t iced t ha t , of 750 r a t s e x a m i n e d be tween 1956 and 
1958, 6.6% w e r e d i s e a s e d . 

S. c h o l e r a e s u i s h a s been i s o l a t e d in h a t c h e r y - b r e d t r o u t fed on s c r a p s of 
p i g s t o m a c h a n d i n t e s t i n e f r o m a s l a u g h t e r - h o u s e ( H A M M E R [79] ) . 

S C H U L T E and S C H O L Z [178] h a v e r e p o r t e d t h a t , of 707 c a d a v e r s and 
o r g a n s of p i g e o n s s u b m i t t e d f o r a u t o p s y . S a l m o n e l l a w a s f o u n d in 300. 
Of 11 010 s a m p l e s of e x c r e m e n t , 1545 w e r e p o s i t i v e , c o n t a i n i n g m a i n l y 
S . t y p h i m u r i u m ( C o p e n h a g e n v a r i e t y ) . 

HAUSER [85], in a s t u d y of d o v e s l a s t i n g o v e r 30 m o n t h s , f o u n d S a l -
m o n e l l a in 15% of f a e c e s and 37.5% of t h e a u t o p s i e s (1126 S. t y p h i m u r i u m , 
2 5 . d u b l i n , 4 S . m o n t e v i d e o ) ; 17.5% of the d o v e c o t e s w e r e i n f e c t e d . 

B U L L I N G [32] i s o l a t e d 400 s t r a i n s of S. t y p h i m u r i u m f r o m p i g e o n s ; 
85% w e r e of t h e C o p e n h a g e n v a r i e t y ( in g e e s e , d u c k s a n d t u r k e y s , 15%). 
GRANVILLE and F I E V E Z [72] i s o l a t e d 25 s t r a i n s f r o m p i g e o n s , 23 S. t y p h i -
m u r i u m , 22 be ing the Copenhagen v a r i e t y . 

H e n c e t h e d a n g e r of s e m i - w i l d p i g e o n s w h i c h l i v e in t o w n s a n d c o n -
t a m i n a t e p u b l i c s q u a r e s , f o u n t a i n s , s t r e e t s and w i n d o w - s i l l s w i t h f a e c e s . 
T o g e t h e r w i t h d u c k s a n d s w a n s , t h e y r e p r e s e n t a l a t e n t d a n g e r t o h u m a n 
b e i n g s . 

M O R E L [140] i s of t h e op in ion t h a t in r a b b i t s s a l m o n e l l o s i s i n f e c t i o n s 
a r e d i s e a s e s of b r e e d i n g , w h i c h p r o d u c e s t e r i l i t y , a b o r t i o n and s t i l l b i r t h . 
C a s e s c a u s e d by S. p u l l o r u m have r e s u l t e d in p r o g r e s s i v e p o s t e r i o r p a r a p l e g i a . 
S a l m o n e l l a i n f e c t i o n s a r e not a s r a r e a s s u p p o s e d , S. t y p h i m u r i u m o f t en 
b e i n g i s o l a t e d i n d e a d a n i m a l s and b e l i e v e d t o b e c a u s e d by t h e m i c e f r e -
q u e n t l y f o u n d in b a d l y k e p t r a b b i t f a r m s (MAYER. [ 1 3 4 ] ) . 

A m o n g c a r n i v o r a , d o g s and c a t s a r e f r e q u e n t l y i n f e c t e d . S a l m o n e l l a 
h a s b e e n found in 15-18% of dogs , e x p e c i a l l y t h o s e fed on minced h o r s e m e a t 
( H E A T H E R and N O B L E S [ 8 6 ] , MESSOW a n d H E N S E L [137], v a n d e r S C H A A F 
[ 1 9 9 ] , S I N G E R and B R A N D L Y [182] a n d G A L B R A I T H et a l . [65] ) . 

N e i t h e r d o g s n o r c a t s a r e s u p p o s e d t o b e c o m e p e r m a n e n t e x c r e t e r s of 
t h e o r g a n i s m . E x c e p t when t h e i r r e s i s t a n c e i s a l t e r e d by a n o t h e r i n f e c t i o n , 
t h e y u s u a l l y ge t r i d of S a l m o n e l l a wi th in t h r e e w e e k s of b e i n g i n f e c t e d . 
T h e y a r e s o m e t i m e s i n f e c t e d b y h u m a n b e i n g s o r a n i m a l s and p l a y a s i g n i f i c a n t 
p a r t in i n f e c t i n g m a n , b e c a u s e , l i k e s m a l l c a g e b i r d s , t h e y l i v e c l o s e t o 
p e o p l e who s e l d o m t a k e e v e n e l e m e n t a r y h y g i e n i c p r e c a u t i o n s w i t h t h e m . 

S a l m o n e l l o s i s s y m p t o m s a r e ben ign in adu l t h o r s e s ; but , w i th f o a l s , 
s e r i o u s s e p t i c a e m i a a p p e a r s in 90% of c a s e s . BRYANS et a l . [29] r e p o r t s 
a n e p i d e m i c of c o l i t i s at a Uni ted S t a t e s m i l i t a r y depot which r e s u l t e d in the 
d e a t h of 8 f o a l s out of 28 . S o m e of t h e s u r v i v o r s c o n t i n u e d t o b e c a r r i e r s 
f o r 14 m o n t h s . A s S . t y p h i m u r i u m ( C o p e n h a g e n ) w a s i s o l a t e d , a d i s e a s e 
t r a n s m i t t e d by p i g e o n s m a y h a v e b e e n i n v o l v e d . 

A l t h o u g h S a l m o n e l l a a r e o f t e n found in v a r i o u s a n i m a l s and b i r d s , 
t h e s e r o t y p e s now b e i n g i s o l a t e d in bo th a n i m a l s a n d m a n a r e n o l o n g e r . 
l i m i t e d t o s p e c i e s c o n s i d e r e d a s c o m m o n a n d u s u a l . M o r e and m o r e f r e -
q u e n t l y , i n v e s t i g a t o r s a r e f i n d i n g s e r o t y p e s t h a t h a v e b e e n c o n s i d e r e d a s 



14 A.- GRANVILLE 

r a r e a n d p e c u l i a r t o o t h e r p a r t s of t h e w o r l d - e s p e c i a l l y t o t r o p i c a l o r 
s u b t r o p i c a l r e g i o n s . 

M O D E S O F C O N T A M I N A T I O N NOW B E L I E V E D I M P O R T A N T IN 
A N I M A L S 

In r e c e n t y e a r s c a r e f u l c o n s i d e r a t i o n h a s b e e n g iven to t h e i m p o r t a n c e 
of S a l m o n e l l a c o n t a m i n a t i o n of a n i m a l f e e d s — m e a l s c o m p o s e d of m e a t , 
b lood , f i s h , s o y b e a n s , p e a n u t s , l i n s e e d , l u c e r n e t c . Many of t h e s e m e a l s , 
p r o d u c e d b y d r y i n g i n t h e s u n , c a m e f r o m d e v e l o p i n g c o u n t r i e s a n d w e r e 
o f t e n c o n t a m i n a t e d b y a w i d e v a r i e t y of S a l m o n e l l a s t r a i n s , t h e c o n -
t a m i n a t i o n c o m i n g f r o m g e r m s e l i m i n a t e d by i n f e c t e d h u m a n s o r a n i m a l s . 

In I t a l y С AST AG N O L I et a l . [34] f o u n d t h a t 12% of t h e a n i m a l m e a l s 
a r e i n f e c t e d . RÔHR, G e r m a n y [169], r e p o r t e d p o s i t i v e S a l m o n e l l a f i n d -
i n g s in 23.6% of a n i m a l f e e d s and 5.4% of p o w d e r e d c e r e a l s . 

In 18 c o w s w h i c h d i ed out of 575 on 9 A u s t r a l i a n d a i r y f a r m s , 15 d i f -
f e r e n t s e r o t y p e s of S a l m o n e l l a w e r e i s o l a t e d i n t h e a n i m a l s a n d f e e d 
m e a l s (GRAY e t a l . [ 7 4 ] ) . 

In Sweden RUTQVIST [172] found 53.1% of b a t c h e s of b r a n , m e a l , cot ton 
c a k e e x t r a c t , s o y b e a n c o n c e n t r a t e , peanu t c o n c e n t r a t e , s u n f l o w e r s e e d c o n -
c e n t r a t e , l i n s e e d m e a l and , l u c e r n m e a l t o c o n t a i n S a l m o n e l l a , bu t i n 
on ly 3.3% of t h e s a m p l e s t a k e n , i n d i c a t i n g tha t t h e o r g a n i s m s a r e not v e r y 
a b u n d a n t . T h e d a n g e r i s no t l i m i t e d t o i m p o r t s s i n c e S a l m o n e l l a h a s 
a l s o b e e n found i n d o m e s t i c p r o d u c t s . 

B e t w e e n 1 M a r c h 1958 and 31 A u g u s t 1958, 195 out of 284 s a m p l e s of 
v a r i o u s m e a l s in G e r m a n y w e r e found t o be i n f e c t e d ( P O P P E and RACKOW 
[ 1 5 8 ] ) . R A C K O W a n d N I E S E [164] i n 1959 f o u n d S a l m o n e l l a i n 8 .5% of 
f o r e i g n b lood m e a l s and m e a t ; in 1960, in 2%. T h e d e c r e a s e did not r e s u l t 
f r o m b e t t e r h y g i e n e a t t h e p r o d u c t i o n s t a g e but f r o m the r e d u c e d i m p o r t of 
h i g h l y i n f e c t e d m e a l s f r o m A m e r i c a (50% wi th S a l m o n e l l a ) and A r g e n t i n a 
(43% w i t h S a l m o n e l l a ) . T h e i m p o r t i n g c o u n t r i e s a r e m a k i n g a g r e a t 
e f f o r t t o i m p r o v e t h e b a c t e r i o l o g i c a l q u a l i t y of the m e a l s , p r o v i d i n g b e t t e r 
s u p e r v i s i o n of t h e a c t u a l p r e p a r a t i o n , e n s u r i n g tha t h e a t i n g i s e f f e c t i v e and 
p r o t e c t i n g t h e f i n i s h e d p r o d u c t s f r o m p o l l u t i o n by p a c k a g i n g in p l a s t i c o r 
s t r o n g p a p e r b a g s . 

E L L I N G S E N a n d S K O G S H O L M 156] , i n N o r w a y , h a v e i s o l a t e d S a l -
m o n e l l a (in 3 c a s e s , S. p a r a B) in c o p r a f r o m Ceylon and the P h i l i p p i n e s . 

H A R V E Y a n d P R I C E [83] in 1962 i n E n g l a n d s t u d i e d s h i p m e n t s of c r u s h e d 
b o n e s f r o m I n d i a . Of 57 s a m p l e s , 56 c o n t a i n e d S a l m o n e l l a and 8 P a r a -
c o l o n a r i z o n a . Of t h e 56 s e r o t y p e s i s o l a t e d , 38 had a l r e a d y b e e n i s o l a t e d 
i n c a s e s of food p o i s o n i n g i n p e r s o n s l i v i n g in t h e a r e a . 

NOORDAM and P O S T M A [149] and K A M P E L M A C H E R and GUINÉE [103] 
i n t h e N e t h e r l a n d s a l s o r e p o r t h e a v y i n f e s t a t i o n of a n i m a l f e e d s ; s i m i l a r 
o b s e r v a t i o n s h a v e b e e n m a d e in m a n y o t h e r c o u n t r i e s , e . g . THOMAS [195] 
i n B e l g i u m . 

M a n y h e a l t h w o r k e r s w o n d e r e d how b o n e m e a l c o u l d c o n t a i n S a l m o n e l l a 
a f t e r b e i n g h e a t e d f o r h o u r s a t 126° d u r i n g p r e p a r a t i o n . It h a s b e e n shown 
t h a t t h e b o n e s a r e i n f e c t e d at t h e o u t s e t by S a l m o n e l l a ( i n t e r a l i a ) . T h e s e 
a r e k i l l e d b y t h e h e a t i n g . T h e b o n e m e a l i s n e x t s u b j e c t e d t o a n u m b e r of 
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o p e r a t i o n s b e f o r e be ing put into b a g s , t hen t r a n s p o r t e d to s h e d s b e f o r e going 
o n b o a r d f o r e x p o r t . I t i s d u r i n g t h e s e o p e r a t i o n s s u b s e q u e n t t o h e a t i n g 
t h a t t h e b a c t e r i a l r e i n f e c t i o n t a k e s p l a c e . I n a d e q u a t e s e p a r a t i o n o r none a t 
a l l b e t w e e n t h e c l e a n and t h e d i r t y a r e a s r e s u l t s in t h e i n f e c t i o n of c lo th ing , 
w o r k e r s ' h a n d s , e q u i p m e n t and the dus t which i s c a r r i e d e v e r y w h e r e by a i r 
c u r r e n t s and b y m e n , r a t s and d o g s . S a l m o n e l l a a r e f o u n d in t h e o u t l e t 
s p o u t s of t h e h e a t i n g e q u i p m e n t and in t h e b u c k e t s f o r c a r r y i n g t h e p o w d e r 
( in f luence of t h e e x t e r n a l t e m p e r a t u r e and the d r o p l e t s of w a t e r of condensa t ion ) . 

GRAY et a l . [73] have shown tha t t h i s r e i n f e c t i o n could be p r e v e n t e d by 
o p e r a t i o n in a c l o s e d c i r c u i t and h e a t i n g at 150°C. P r o p e r pack ing p r e v e n t s 
t h e m e a l s ' b e i n g c o n t a m i n a t e d by m i c e and r a t u r i n e . C a r e f u l b a c t e r i o l o g i c a l 
e x a m i n a t i o n s show t h a t i t i s o f t e n t h e o u t s i d e p a r t s of t h e c o n t e n t s i n b a g s 
w h i c h a r e i n f e c t e d . 

S ince it i s d e f i n i t e l y e s t a b l i s h e d t h a t t h e s e m e a l s a r e i n f e c t e d , t h e 
q u e s t i o n a r i s e s w h e t h e r t h e i n g r e d i e n t s e n t e r i n g in to t h e p r e p a r a t i o n of a n i -
m a l f e e d s , a n d p o s s i b l y e v e n t h e f e e d s t h e m s e l v e s , c o u l d b e s t e r i l i z e d . 

1 . H e a t t r e a t m e n t 

An i m p o r t a n t E n g l i s h s tudy [14] m a d e in 1961 p r o v i d e s e v i d e n c e t o wha t 
e x t e n t h e a t t r e a t m e n t i s e f f e c t i v e . W h e n t h e h e a t i n g t e m p e r a t u r e i s o v e r 
60°C, t h e n u m b e r of S a l m o n e l l a i s r e d u c e d by 8 0 - 9 8 % in 6 c a s e s out of 
7, but only in 5 c a s e s out of 9 when the t e m p e r a t u r e i s l e s s than 60°C. P r e p -
a r a t i o n in p e l l e t s ( l u m p s ) r e d u c e d t h e r a t e of i n f e c t i o n f r o m 9% t o 1.7% i n 
t h e c a s e of m e a l s and m a s h e s , and t h e r e a f t e r t h e S a l m o n e l l a w e r e p r e s -
ent only in s m a l l n u m b e r s . 

H e a t t r e a t m e n t i s t h u s p a r t i a l l y but not t o t a l l y e f f e c t i v e . 

T h e p r o b l e m i s c o m p l i c a t e d by t h e n a t u r e of S a l m o n e l l a d i a g n o s i s 
i n t h e s e m e a l s . S a l m o n e l l a d e t e c t e d in t h e b a c t e r i o l o g i c a l c o n t r o l 
e x a m i n a t i o n c o n s t i t u t e p r o o f , but n e g a t i v e r e s u l t s do not n e c e s s a r i l y m e a n 
t h a ^ t h e b a t c h f r o m w h i c h t h e s a m p l e c o m e s i s i t s e l f f r e e of i n f e c t i o n . I t 
i s known t h a t S a l m o n e l l a a r e d i s t r i b u t e d v e r y i r r e g u l a r l y in t h e m a s s 
of t h e p r o d u c t and v e r y few r e m a i n a f t e r t h e hea t t r e a t m e n t . F o r t e c h n i c a l 
r e a s o n s ( n u m b e r of s a m p l e s , m a s s to be a n a l y s e d ) , t h e b a c t e r i o l o g i c a l 
e x a m i n a t i o n d o e s not a p p e a r t o r e v e a l S a l m o n e l l a if t h e i r n u m b e r i s 
l e s s t h a n 1 0 - 2 0 p e r kg of f e e d * . 

It h a s b e e n s u g g e s t e d t h a t t h e s e e x a m i n a t i o n s b e r e p l a c e d by a n i m a l 
t e s t s , i . e . t h a t s u s p e c t . m e a l s sould be fed to u n c o n t a m i n a t e d a n i m a l s . Such 
t e s t s , w i t h p i g s a n d c a l v e s , a r e s l o w t o p r o v i d e r e s u l t s and i n v o l v e c o n -
s i d e r a b l e e x p e n s e ; S m i t h (van d e r SCHAAF et a l . [201]) s p e a k s in t e r m s of 
14 t o 1 8 d f o r p i g s g iven 200 S a l m o n e l l a p e r day . 

A s a p r e c a u t i o n a g a i n s t t he m o s t u r g e n t d a n g e r , c o u n t r i e s have adop ted 
v a r i o u s t y p e s of e m e r g e n c y l e g i s l a t i o n : s o m e r e q u i r e c o m p u l s o r y s t e r i l i -
z a t i o n of a l l i m p o r t s ; o t h e r s i m p o s e a b a c t e r i o l o g i c a l e x a m i n a t i o n o r in tend 
t o do s o ( K A M F E L M A C H E R and GUINÉE [ 1 0 3 ] , K A M P E L M A C H E R [101] ) . 

* For a discussion of sampling techniques, see Annex ÍI. 



16 A.- GRANVILLE 

2. T r e a t m e n t wi th e t h y l e n e oxide 

In 1962, ZINN [214] r e c o m m e n d e d , f o r a h e a l t h y p r o d u c t , t h e p a c k i n g 
of t h e f i n i s h e d p r o d u c t in t h r e e l a y e r s of h e a v y p a p e r , p r o p e r s e a l i n g of 
t h e p a c k a g e t o p r e v e n t any m e a l ' s e s c a p i n g and cold s t e r i l i z a t i o n of bag and 
c o n t e n t s by e t h y l e n e o x i d e . Wink le s u g g e s t e d c h a m b e r s t a k i n g 100 5 0 - k g 
b a g s . A v a c u u m i s c r e a t e d , a n d e t h y l e n e o x i d e i s t h e n i n t r o d u c e d a t t h e 
r a t e of 1 k g / m 3 of c h a m b e r . T h e b a g s a r e l e f t i n c o n t a c t wi th t h e g a s f o r 
an h o u r , w h e r e u p o n the p roduc t i s s t é r i l e ; f o r p r e v e n t i o n of r e c o n t a m i n a t i o n , 
a l l p e r s o n s handl ing it should w e a r d i s i n f e c t e d c lo thing and work in p r e m i s e s 
which a r e c l e a n and r e g u l a r l y d i s i n f e c t e d . 

T h i s m e t h o d , a l s o u s e d f o r o t h e r f o o d s t u f f s l ike s p i c e s , h a s yet to p r o v e 
i t s e f f i c a c y w h i l e s t i l l no t a l t e r i n g t h e p h y s i c o c h e m i c a l p r o p e r t i e s of t h e 
p r o d u c t t r e a t e d . 

3 . T r e a t m e n t by i o n i z i n g r a d i a t i o n 

T h e p r o s p e c t s f o r t h i s m e t h o d w e r e d i s c u s s e d by t h e e x p e r t s who a t -
t e n d e d t h e P a n e l o r g a n i z e d by t h e I n t e r n a t i o n a l A t o m i c E n e r g y A g e n c y a t 
V i e n n a . R e f e r e n c e i s m a d e in p a r t i c u l a r t o t h e p a p e r s by T h o r n l e y a n d 
L e y . 

T h e d a n g e r f r o m m e a l s which a r e e v e n s l i gh t ly i n f e c t e d i s obv ious 
( L E I S T N E R e t a l . [120] ). S a l m o n e l l o s i s c an be t r a n s m i t t e d t o a n i m a l s 
by v e r y s m a l l n u m b e r s of S a l m o n e l l a ( l e s s than 10): the a n i m a l s b e c o m e 
c a r r i e r s w h i c h m a y n e v e r show any a b n o r m a l s y m p t o m s o r w h i c h b e c o m e 
s i c k w h e n t h e i r r e s i s t a n c e d r o p s o r when s u f f e r i n g f r o m g r e a t f a t i g u e 
( M O R E H O U S E and WEDMAN [ 1 3 9 ] . 

A s K N O T H E [112] h a s po in ted out, S a l m o n e l l a i n fec t ion f r o m m e a l s 
i s l e s s l i k e l y to c o m e f r o m e p i d e m i c s t h a n f r o m l a t e n t i n f e c t i o n s , w i thou t 
s y m p t o m s , i n t h e a n i m a l s w h i c h h a v e e a t e n t h e m . 

It m a y h a v e s e e m e d s u r p r i s i n g tha t the n u m b e r of p igs which w e r e c a r -
r i e r s of S a l m o n e l l a w a s m u c h s m a l l e r on t h e f a r m t h a n a t s l a u g h t e r 
( e . g . 3% a s a g a i n s t 43%) ( L E I S T N E R et a l . [121] and L E I S T N E R [119] ) . 
S l i gh t l y i n f e c t e d f e e d i n f e c t s s o m e p i g s w h i l e s t i l l on t h e f a r m . T h e y a r e 
t h e n s e n t t o b e f a t t e n e d , o r e l s e , w h e n r e a d y f o r t h e b u t c h e r , t h e y go i n 
g r o u p s to m a r k e t s o r s l a u g h t e r - h o u s e s and a r e kept in e n c l o s u r e s o r s t a b l e s . 
D u r i n g t h e h o u r s o r d a y s s p e n t t h e r e , t h e i n f e c t i o n i s r a p i d l y t r a n s m i t t e d 
t o t h e h e a l t h y a n i m a l s by t h e c a r r i e r s . T h e g round , t he w a l l s and t h e v a r i -
o u s p i e c e s of e q u i p m e n t a r e o f t e n i n f e c t e d a n d s t i l l f u r t h e r i n c r e a s e t h e 
d a n g e r s of t r a n s m i s s i o n . T h e A m e r i c a n M e a t I n s t i t u t e [8] f o u n d 18% of 
i n f e c t e d p i g s a f t e r à s h o r t s t a y a n d 59% w h e n t h e y s t a y e d l o n g e r , S a l m o n e l l a 
t h e n b e i n g f o u n d in t h e g a n g l i a of 25% of t h e p i g s . 

C o n f i r m a t i o n of t h i s mode of i n f ec t i on c o m e s f r o m the l a r g e , i n d u s t r i a l -
s c a l e p i g f a r m s n o w b e i n g e s t a b l i s h e d t o r e d u c e p r o d u c t i o n c o s t s ; t h e s e 
f a r m s s o m e t i m e s h a v e s e v e r a l h u n d r e d o r s e v e r a l t h o u s a n d p i g s f o r f a t -
t e n i n g . It i s n o t u n c o m m o n t o f i n d h u m a n s u b j e c t s on t h e m w h o a r e e x -
c r e t e r s of S a l m o n e l l a but a r e on ly v e r y b e l a t e d l y r e c o g n i z e d a s s u c h 
( T H A M M [ 1 9 4 ] ) . 

R e s e a r c h on t h e s o u r c e s of c o n t a m i n a t i o n of a n i m a l s b y S a l m o n e l l a 
h a s n a t u r a l l y led to a s tudy be ing m a d e of w a t e r . B a c t e r i o l o g i c a l e x a m i -
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n a t i o n s h a v e s h o w n t h a t r i v e r w a t e r s o f t e n t r a n s p o r t S a l m o n e l l a . A f t e r 
h e a v y r a i n s o r f l o o d s t h e s e r i v e r s o v e r f l o w and i n v a d e l o w - l y i n g a r e a s and 
s w a m p s , w h e r e t h e g r a s s e s and p l a n t s b e c o m e c o n t a m i n a t e d by S a l m o n e l l a , 
which t h e n m a y l i v e on f o r w e e k s o r even m o n t h s in the s p e c i a l l y f a v o u r a b l e 
m i c r o c l i m a t e t h e y f ind on t h e s u r f a c e of g r e e n p l a n t s . It h a s b e e n d e m o n -
s t r a t e d t h a t t h e e x c r e m e n t of wi ld b i r d s i n f e c t e d wi th S a l m o n e l l a , w h e n 
d e p o s i t e d a m i d l i v i n g o r d e a d p l a n t s , c o n t i n u e s t o be i n f e c t i o u s f o r 12 y r 
(STEINIGER. [186] ) . T h e s o i l p r o t e c t s t h e b a c t e r i a a g a i n s t t h e e x t e r n a l 
e l e m e n t s and c a n p l a y a n i m p o r t a n t p a r t i n t h e p r o p a g a t i o n of i n f e c t i o n s 
( S L A K O V [183] a n d M A I R a n d ROSS [ 1 3 1 ] ) . 

M u c h of t h e p o l l u t i o n i n r i v e r and e s t u a r y w a t e r s c o m e s f r o m g e r m s 
a n d p a r a s i t e s e m p t i e d i n t o t h e m i n w a s t e f r o m s e w e r s . S w a b s p l a c e d a t 
v a r i o u s po in t s in s e w a g e s y s t e m s have been r e v e a l i n g . SCHMIDT and L E U K 
[117] r e p o r t t h a t 60 s a m p l e s out of 66 c o n t a i n e d S a l m o n e l l a . T h e s e 
s w a b s h a v e p e r m i t t e d the d e t e c t i o n of high p e r c e n t a g e s of i n f e c t i o n by v a r i -
o u s t y p e s of S a l m o n e l l a , s o m e of w h i c h (S. p a r a B) a r e q u i t e r e s i s t a n t 
and a r e found in 35% of the i so l a t ed s a m p l e s , w h e r e a s o t h e r s ( e . g . t h e g e r m s 
of t h e S. e n t e r i t i d i s g roup) a r e l e s s r e s i s t a n t and a r e found in only 2% of t h e 
c a s e s . C e r t a i n w a t e r s not only t r a n s p o r t S a l m o n e l l a but e v e n h e l p t h e m 
t o m u l t i p l y if t h e r e i s enough d i s s o l v e d p r o t e i n , i . e . 100 m g / 1 . T h i s r a r e l y 
h a p p e n s i n f l o w i n g w a t e r s , but it d o e s o c c u r in s t agnan t w a t e r s (SCHAAL [174] ) . 

L e f t u n d i s t u r b e d , t h e w a t e r b e g i n s t o p u t r i f y a f t e r 4 d a n d u n d e r g o e s 
a b i o l o g i c a l p u r i f i c a t i o n . T h e g e r m con ten t f a l l s s h a r p l y s i n c e the p r o t e i n s 
w h i c h s e r v e a s n u t r i e n t s f o r t h e o r g a n i s m s d i s a p p e a r t o g e t h e r wi th t h e 
oxygen (SCHAAL [ 1 7 4 ] ) . H e n c e the i m p o r t a n c e of d é c a n t a t i o n c h a m b e r s i n 
i n s t a l l a t i o n s not c o n n e c t e d to a. p u b l i c s e w a g e s y s t e m . 

It h a s b e e n t h o u g h t b y s o m e t h a t s l a u g h t e r - h o u s e s i n t r o d u c e a c o n -
s i d e r a b l e n u m b e r of S a l m o n e l l a i n to s e w e r s a n d t h e r e f o r e c o n s t i t u t e 
a s p e c i a l d a n g e r . In f a c t , h o w e v e r , t h e i n f e c t i o n of r e s i d u a l w a t e r s f r o m 
s l a u g h t e r - h o u s e s s e e m s no h i g h e r t h a n t h a t of o r d i n a r y c i t y s e w e r s . 

V A L E T T E [198 ] , in G e n e v a , S w i t z e r l a n d , found S a l m o n e l l a in 56.3% 
of w a t e r s a m p l e s f r o m t h e c i t y s e w e r s , in 29.4% of s a m p l e s f r o m r e s i d u a l 
s l a u g h t e r - h o u s e w a t e r and in 33.3% of s a m p l e s f r o m the Arve and the Rhone . 
S i m i l a r l y , SUMMA [192] c o n s i d e r s t ha t s l a u g h t e r - h o u s e w a t e r r e q u i r e s no 
s p e c i a l t r e a t m e n t . 

H o w e v e r , s i n c e m e c h a n i c a l and b io log ica l p u r i f i c a t i o n of s e w a g e w a t e r 
p r o v e s i n a d e q u a t e , c h e m i c a l d i s i n f e c t i o n , b y c h l o r i n e , s e e m s d e s i r a b l e . 
S C H A A L [175] e s t i m a t e s t h a t to e n s u r e a d e q u a t e d i s i n f e c t i n g a c t i o n a r e -
s i d u a l c h l o r i n e c o n t e n t of 5 m g / 1 shou ld p e r s i s t a f t e r c o m p l e t i o n of t h e 
o p e r a t i o n . T h i s i s g e n e r a l l y o b t a i n e d by t h e a d d i t i o n of 8 t o 20 m g of 
c h l o r i n e p e r l i t e r ( the amoun t depend ing on w h e t h e r o r not the w a t e r h a s 
b e e n t r e a t e d m e c h a n i c a l l y b e f o r e ch lo r ina t ion ) . 

D E N N L E R et a l . [43] a d v o c a t e the d i s i n f e c t i o n of w a t e r f r o m h o s p i t a l s , 
c l i n i c s , fliagnostic c e n t r e s , y a r d s w h e r e a n i m a l s a r e cut up, p l a c e s w h e r e 
v a c c i n e s a r e p r e p a r e d , b u t c h e r s ' and p o r k b u t c h e r s ' s h o p s , m e a t p r o c e s s -
ing p l a n t s , s l a u g h t e r - h o u s e s and m a r k e t s . K O T T E R [113] f u l l y s u p p o r t s 
t h i s v i e w , i n s o f a r a s s l a u g h t e r - h o u s e s a r e c o n c e r n e d . H o w e v e r , t h e s e 
m e a s u r e s cou ld w e l l be e x t e n d e d , s i n c e c e r t a i n E n g l i s h i n v e s t i g a t o r s [13] 
h a v e i s o l a t e d S a l m o n e l l a in 31 out of 111 s w a b s p l a c e d in t h e d r a i n s of 
a b a k e r y . 
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S o m e t h i n g should a l s o be s a id about h u m a n in fec t ion of a n i m a l s . By way 
of e x a m p l e , we r e f e r to two r e c e n t r e p o r t s : 

M E S S E R L I [136] s t a t e s t h a t S . t y p h i m u r i u m w a s i s o l a t e d i n a f a r m 
w h e r e a 4 - d old ca l f had d i e d . A s e c o n d cal f f e l l s i c k but w a s s u c c e s s f u l l y 
t r e a t e d w i t h c h l o r a m p h e n i c o l . A n a m n e s i s e s t a b l i s h e d t h a t t h e f a r m e r ' s 
wi fe had had e n t e r i t i s two m o n t h s p r e v i o u s l y . At the t i m e the a n i m a l s w e r e 
s i c k , t h e f a r m e r h i m s e l f had f a l l e n i l l . S. t y p h i m u r i u m w a s found in f o u r 
m e m b e r s of t h e f a m i l y . 

Second ly , F R A N C O N Y [64] s tud ied an e n z o o t i c of p o r c i n e s a l m o n e l l o s i s 
w h i c h h a d r e s u l t e d i n t h e d e a t h of s e v e r a l l a r g e s o w s . T h e a n i m a l s h a d 
b e e n f e d on n o n - s t e r i l i z e d s c r a p s f r o m the k i t chen of t h e p s y c h i a t r i c h o s p i t a l , 
a t B a s s e n s ( S a v o y , F r a n c e ) . S . p a r a В - a p a t h o g e n i c a g e n t v e r y r a r e l y 
m e t w i t h in p i g s - w a s i s o l a t e d f r o m t h e i r b l o o d . In t h e c o u r s e of t h e i n -
v e s t i g a t i o n , c r a c k s w e r e found at the l e v e l of a d r a i n p a s s i n g a long the wa l l 
of t h e p i g s t y . In t h e h o s p i t a l t h e r e h a d b e e n h u m a n p a r a t y p h o i d В f e v e r 
f o r s e v e r a l y e a r s . 

S A L M O N E L L O S I S IN M A N 

S a l m o n e l l a i n f e c t i o n s in m a n h a v e b e c o m e q u i t e e x t e n s i v e i n m a n y 
c o u n t r i e s d u r i n g r e c e n t y e a r s . 

K A M P E L M A C H E R [101] g i v e s a s i g n i f i c a n t t a b l e f o r t h e N e t h e r l a n d s 
f o r t h e p e r i o d 1951-1961 ( s t r a i n s i s o l a t e d in m a n and in a n i m a l s ) . It s h o w s 
a s l o w i n c r e a s e f r o m 1951 t o 1957, t h e n a s h a r p r i s e , w i th p e a k s i n 1959 
and 1961, c o r r e s p o n d i n g t o h u m a n e p i d e m i c s which could be c o r r e l a t e d , in 
p a r t , w i t h c o n t i n u o u s w a r m , h u m i d w e a t h e r d u r i n g t h e s u m m e r of 1959 
and t h e a u t u m n of 1961. T h e t o t a l n u m b e r of S a l m o n e l l a s e r o t y p e s 
i d e n t i f i e d in 1961 w a s 118 . In 1951 t h e n u m b e r w a s on ly 18 . W i t h o u t u n -
n e c e s s a r y d e t a i l , t h e p r e d o m i n a n c e of S. t y p h i m u r i u m ( o v e r 50% of t h e 
t y p e s ) s h o u l d b e p o i n t e d out [102] . 

I n G e r m a n y , a c c o r d i n g t o B U L L I N G [ 3 1 ] , t he n u m b e r of i n t o x i c a t i o n s 
i n h u m a n b e i n g s h a v e m o r e t h a n t r i p l e d by c o m p a r i s o n w i t h t h e p r e - w a r 
f i g u r e ( f o r a s m a l l e r a r e a ) : 

1936 , 1937, 1938 : y e a r l y a v e r a g e : 1819 c a s e s 
1956, 1957, 1958: y e a r l y a v e r a g e : 6944 c a s e s , i . e . 3 .8 t i m e s a s many. 
ROSS [171] r e p o r t s tha t in 8 y r (1949-1956) the n u m b e r of h u m a n i n t o x i -

c a t i o n s i n E n g l a n d r o s e f r o m 2428 t o 7713 . H o w e v e r , t h e 1962 s t a t i s t i c s 
s h o w s a f a l l i n g o f f , t h e f i g u r e f o r 1961 b e i n g 5387 , i . e . 16% l e s s t h a n i n 
1 9 6 0 . 

T h e s i g n i f i c a n c e of S a l m o n e l l a in e p i s o d e s of known c a u s e i s c o n -
s i d e r a b l e (96% of c a s e s ) . T h e s e e p i s o d e s a r e p a r t i c u l a r l y f r e q u e n t d u r i n g 
t h e s u m m e r m o n t h s . S . t y p h i m u r i u m i s t h e m o s t c o m m o n s e r o t y p e , t h e 
p e a k b e i n g r e a c h e d in 1 9 5 9 - 1 9 6 0 ( P A R R Y J O N E S et a l . [153] ). In 1961 i t 
w a s i d e n t i f i e d l e s s f r e q u e n t l y (14% l e s s t h a n i n 1960) . S a l m o n e l l a 
c a u s e d d e a t h i n 23 c a s e s out of 27 i n 1959 [11] a n d i n 2 1 out of 25 i n 1960 
( C O C K B U R N a n d V E R N O N [351 ) . 

E D W A R D S [53] s e e m s t o a t t r i b u t e l e s s i m p o r t a n c e t o S a l m o n e l l a 
i n t h e U n i t e d S t a t e s t h a n i n E n g l a n d , b e c a u s e t h e y a c c o u n t f o r o n l y 10% 
of a l l i n t o x i c a t i o n s . 
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I n S w i t z e r l a n d t h e r e p o r t i n g of s a l m o n e l l o s i s i n m a n h a s b e e n c o m -
p u l s o r y s i n c e 1952. As c o m p a r e d with an a v e r a g e of 172 f o r the y e a r s 1952-
1953 a n d 1954 , t h e n u m b e r of c a s e s w a s 558 i n 1956, 460 i n 1957 , 5 0 4 i n 
1958 a n d 396 i n 1959 ( F E Y and W I E S M A N N [ 6 0 ] ) . 

I n B e l g i u m t h e S a l m o n e l l a and S h i g e l l a C e n t r e b e g a n o p e r a t i o n s 
on 1 A p r i l 1960. Wi th in 19 m o n t h s 811 s t r a i n s had b e e n i s o l a t e d , 45% b e i n g 
S . t y p h i m u r i u m ; 128 w e r e f r o m a n i m a l m e a l s , 337 f r o m h u m a n p a t i e n t s , 
4 of v a r i o u s o r i g i n a n d 342 f r o m t h e C o n g o a n d R u a n d a U r u n d i ( R e p o r t of 
t h e D i r e c t o r , D r . E . v a n O y e ) . 

S a l m o n e l l o s i s in m a n h a s a v e r y e x t e n s i v e c l i n i c a l p i c t u r e , r a n g i n g 
f r o m t h e c l a s s i c a l t y p h i c o r p a r a t y p h i c t y p e s t o g a s t r o - e n t e r i t i s a n d 
l o c a l i z e d c o n d i t i o n s . I n f e c t e d i n d i v i d u a l s m a y a l s o b e c a r r i e r s w i t h o u t 
s h o w i n g a n y c l i n i c a l s y m p t o m s . 

T h e s i g n i f i c a n c e of t h e t y p h i c a n d p a r a t y p h i c (A a n d B) f o r m s i s d e -
c r e a s i n g . DAUER [41] r e p o r t s tha t in 1950 t w i c e a s m a n y c a s e s of t ypho id 
f e v e r w e r e r e c o r d e d i n t h e U n i t e d S t a t e s a s i n f e c t i o n s by o t h e r t y p e s of 
S a l m o n e l l a , but in 1957 c a s e s of typho id w e r e f i v e t i m e s l e s s f r e q u e n t . 

L E V I N E et a l . [125] s h o w e d t h a t f o r H a w a i i t h e n u m b e r of c a s e s of t y -
p h o i d , p a r a t y p h o i d A a n d p a r a t y p h o i d В h a d b e e n r e d u c e d b y 95% t h a n k s 
t o v a c c i n a t i o n , bu t t h e r e w e r e u n f o r t u n a t e l y m a n y o t h e r t y p e s of S a l m o n e l l a 
i n f e c t i o n . . 

I n t h e N e t h e r l a n d s K A M P E L M A C H E R et a l . [105] l i k e w i s e r e p o r t a 
d e c r e a s e in t y p h o i d f e v e r and p a r a t y p h o i d f e v e r В i n m a n bu t o t h e r w i s e a 
p r o n o u n c e d i n c r e a s e in e s p e c i a l l y S. b r e d e n e y , S. h e i d e l b e r g and S. n e w p o r t . 

W h e n S a l m o n e l l a - i n d u c e d g a s t r o - e n t e r i t i s a f f e c t s l a r g e n u m b e r s 
( e . g . c o m m u n i t i e s ) o r , h a v i n g c a u s e d d e a t h s , l e a d s t o a s e r i o u s i n v e s t i -
g a t i o n , i t d o e s not go u n n o t i c e d by d i a g n o s t i c i a n s . T h i s i s not t r u e , h o w -
e v e r , of i s o l a t e d c a s e s of s a l m o n e l l o s i s i n h u m a n s o r s m a l l n u m b e r s of 
c a s e s in wh ich the c l i n i c a l s y m p t o m s a r e n e g l i g i b l e and c l e a r up u n n o t i c e d . 
S o m e t i m e s S a l m o n e l l a a r e b e l a t e d l y i s o l a t e d in l o c a l i z e d p u r u l e n t c o n -
d i t i o n s ( s u c h a s a b s c e s s e s ) , p l e u r i s y , n e p h r i t i s , o s t e o m y e l i t i s , a n e u r y s m s , 
a p p e n d i c i t i s , m e n i n g i t i s , e n t e r i t i s s u b s e q u e n t t o a g a s t r e c t o m y a n d e n -
d o c a r d i t i s ( B L A C K et a l . [24], J U N G a n d N E S S E L E R [100] a n d J A R N I O U 
and M O R E A U [98] ) . 

I n a d d i t i o n , t h e r e a r e a l l t h o s e w h o s u f f e r i n t e r m i t t e n t l y f r o m m i l d 
g a s t r o - i n t e s t i n a l d i s o r d e r s and t h o s e who h a v e no c l i n i c a l s y m p t o m s bu t 
w h o s e f a e c e s a n d u r i n e , o n p r o p e r b a c t e r i o l o g i c a l e x a m i n a t i o n , w i l l b e 
shown to con t a in S a l m o n e l l a ; t h e s e a r e c a r r i e r s o r e x c r e t e r s of g e r m s . 
NOORDAM [148] e s t i m a t e s t ha t in A m s t e r d a m , out of a p o p u l a t i o n of 750 000 , 
50 a r e c a r r i e r s of S. t y p h i o r S . p a r a B , whi l e about one out of 500 e x c r e t e s 
one o r m o r e s e r o t y p e s of S a l m o n e l l a . T h e a u t h o r b e l i e v e s t h a t m a n 
c o n t i n u e s t o be a c a r r i e r of S a l m o n e l l a f o r an a v e r a g e of 4 w e e k s , i . e . 
t h e n u m b e r of p e r s o n s i n f e c t e d a n n u a l l y i s 1 0 - 1 5 t i m e s h i g h e r , i . e . 15 000 
t o 20 000 p e r s o n s . 

T a k i n g the v i e w s of ARBUZOVA [15] , HUMBERT [96]and MILLER et a l . 
[138] t h a t m a n c o n t i n u e s t o be a c a r r i e r and t e m p o r a r y e x c r e t e r f o r m u c h 
l o n g e r p e r i o d s (2 y r and e v e n o v e r 6 y r ) , t h i s d i s a s t r o u s r o l e h u m a n c a r -
r i e r s c a n p l a y i n t h e t r a n s m i s s i o n of d i s e a s e w i l l b e a p p r e c i a t e d . 

H u m a n r e a c t i o n s to t h e s a m e S a l m o n e l l a c an v a r y g r e a t l y . P e r s o n s 
who h a v e a b s o r b e d c e r t a i n d r u g s a r e found t o show a p r o n o u n c e d c h a n g e i n 
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t h e c o m p o s i t i o n s of t h e i r m i c r o b i a l f l o r a . V a r i o u s o r g a n i s m s which n o r m a l l y 
o f f e r s t r o n g and v i t a l c o m p e t i t i o n t o t h e S a l m o n e l l a (e . g. c o l i f o r m o r -
g a n i s m s ) m a y no l o n g e r b e p r e s e n t , s o t h a t a n e w , m o r e s e r i o u s ( e v e n 
g r a v e ) i n f e c t i o n c a n d e v e l o p a f t e r a p r i m a r y i n f e c t i o n wh ich h a s r e q u i r e d 
t r e a t m e n t ( F L I P P I N and E I S E N B E R G [61]) . 

M O D E S O F C O N T A M I N A T I O N NOW B E L I E V E D I M P O R T A N T IN M A N 

(a) H u m a n i n f e c t i o n by o t h e r h u m a n s w h o a r e c a r r i e r s 

We s h a l l not c o n s i d e r h e r e t h e e p i d e m i o l o g y of typho id and p a r a t y p h o i d 
(A and B), wh ich a r e d e s c r i b e d in a l l s t a n d a r d t e x t b o o k s . 

A m o n g c a r r i e r s , t h o s e w o r k i n g in t h e food i n d u s t r i e s a r e m o s t t o b e 
f e a r e d . An annua l b a c t e r i o l o g i c a l e x a m i n a t i o n wi l l a t m o s t de tec t only 10%. 
M A R C U S E et a l . [133] r e p o r t t h a t f r o m 1955 t o 1957 , 28 p e r s o n s ou t of 
10 000 had b e e n d e t e c t e d in G e r m a n y a s c a r r i e r s of S a l m o n e l l a i n f e c -
t i o n s and t h a t 68% of the w o r k e r s in foods tu f f f a c t o r i e s e x c r e t e d t h e g e r m s 
wi thout knowing it (12 3 in m e a t i n d u s t r i e s , 79 in b a k e r i e s and c o n f e c t i o n e r s , 
22 i n d a i r i e s and 17 i n f i s h - p r o c e s s i n g and f o o d - p r e s e r v a t i o n i n d u s t r i e s ) . 

L a r g e - s c a l e i n t o x i c a t i o n by S. b a r e i l l y o c c u r r e d i n G e r m a n y i n J u n é 
1953. Boni tz and von L u r e c k (LANG [ 116]) d e s c r i b e t h e in tox ica t ion of 10000 
p a t i e n t s (1000 in H a m b u r g a lone) fo l lowing t h e c o n s u m p t i o n of C a m e m b e r t 
c h e e s e m a d e in a d a i r y in L o w e r Saxony; t h e c a u s e w a s t r a c e d t o a w o m a n 
e m p l o y e e a t t he d a i r y , h i r e d s h o r t l y b e f o r e t o p a s t e l a b e l s on the t in fo i l in 
which t h e c h e e s e had b e e n p a c k e d . 

E S C H M A N N [59] d e s c r i b e s a n e p i d e m i c in Z u g , S w i t z e r l a n d , in 1961 . 
A c a r r i e r e m p l o y e d i n a b u t c h e r ' s shop i n f e c t e d s a u s a g e s wh ich w e r e r e s -
p o n s i b l e f o r 60 c a s e s of i n t o x i c a t i o n . D R A G E R [49] r e p o r t s s l a u g h t e r -
h o u s e s t a f f found t o b e c a r r i e r s but s a i d it w a s d i f f i c u l t to t e l l w h e t h e r t h e y 
had i n f e c t e d t h e m e a t o r v i c e v e r s a . 

Some p e r s o n s who e l i m i n a t e S a l m o n e l l a by way of the b i l e o c c a s i o n a l l y 
have c h r o n i c c h o l e c y s t i t i s and g a l l s t o n e s ( H U M B E R T [96] ) . 

i 
TSEYNKOV [197] g i v e s the fo l lowing r e s u l t s f o r t h e C r i m e a : n o r m a l 

p e r s o n s , 0.8% c a r r i e r s of S a l m o n e l l a ; p a t i e n t s with a c u t e d i a r r h o e a , 10.4%; 
c h i l d r e n , 1.4%; h o s p i t a l s t a f f , 2.7%. 

PUSCHMANN [161] r e p o r t s a G e r m a n n u r s e who w a s a c a r r i e r and i n -
f e c t e d 54 c h i l d r e n and i n f a n t s at t he L a n g e n s a l z a c h i l d r e n ' s h o s p i t a l . 

DATTA and PRIDIE [40] d e s c r i b e an e p i d e m i c of S. t .yphimurium, l y s o -
t y p e 27, a t a n E n g l i s h h o s p i t a l w h i c h l a s t e d 20 m o n t h s , c a u s e d 102 c a s e s 
of e n t e r i t i s and r e s u l t e d in t h e d e t e c t i o n of 150 h e a l t h y c a r r i e r s . T h e 
a u t h o r s c o n s i d e r t h i s a de f i n i t e c a s e of i n t e r - c o n t a m i n a t i o n be tween h u m a n s 
s i n c e up to 1960 l y s o t y p e 27 had not been found in a n i m a l s . 

F L I P P I N and E I S E N B E R G [61] r e p o r t t h e t r a n s m i s s i o n of S a l m o n e l l a 
t o n e w b o r n b a b i e s i n d e l i v e r y r o o m s a s a r e s u l t of i n h a l a t i o n of a i r c o n -
t a m i n a t e d by n o n - s t e r i l i z e d r e s u s c i t a t o r s . He a l s o s t r e s s e s the a p p e a r a n c e 
of p l e u r o p u l m o n a r y f o r m s of s a l m o n e l l o s i s i n p a t i e n t s h a v i n g l e s i o n s of 
t he u r i n a r y t r a c t . T h e g e n i t o - u r i n a r y t r a c t i s c o n s i d e r e d (in addi t ion to the 
i n t e s t i n e ) to be a p o r t a l of e n t r y f o r S a l m o n e l l a . 



EPIDEMIOLOGY OF SALMONELLOSIS 21 

In a u t o p s i e s on pa t i en t s at D a k a r who had died of v a r i o u s c a u s e s (chronic 
n e p h r i t i s , s y p h i l i t i c a o r t i t i s , m a l i g n a n t m a l a r i a ) , B A Y L E S et a l . [30] i s o -
l a t e d S a l m o n e l l a 5 t i m e s i n t h e m e s e n t e r i c g a n g l i a of 20 p e r s o n s . 

A l l t h e s t r a i n s of S a l m o n e l l a a r e p o t e n t i a l l y p a t h o g e n i c in m a n . T h e 
c a s e s r e p o r t e d in the l i t e r a t u r e a r e abundant , but t h e r e i s no need to r e v i e w 
t h e m h e r e . I t i s n o l o n g e r p o s s i b l e t o s p e a k of s e r o t y p e s of S a l m o n e l l a 
p e c u l i a r t o m a n o r p e c u l i a r t o a n i m a l s . E v e n S a l m o n e l l a p a r a t y p h i В h a s 
b e e n found in p i g s and in a cow (LENK et a l . [122] ). T o be s u r e , i n f e c t i v e 
d o s e s v a r y . A c c o r d i n g to BERGSMA [18 ] , 125 000 S. b a r e i l l y o r S . n e w p o r t 
wou ld c a u s e o r a l i n f e c t i o n ( A N G E L O T T I et a l . [5] ), a s c o m p a r e d wi th 1 .25 
t o 4 5 . 5 m i l l i o n S . a n a t u m a n d 1300 t o 10 000 m i l l i o n S. p u l l o r u m . 

(b) I n f e c t i o n of p e r s o n s by f o o d 

(1) llonie-produced meats 

Meat f r o m a n i m a l s wi th p r i m a r y s a l m o n e l l o s i s m a y conta in S a l m o n e l l a , 
w h i c h , if t h e r e a r e enough of t h e m , can c a u s e h u m a n s a l m o n e l l o s i s . Cal f 
m e a t s a r e o f t e n r e s p o n s i b l e , bu t i n f e c t i o n s m a y a l s o o r i g i n a t e w i t h o t h e r 
m e a t s ( b e e f , p i g , h o r s e , p o u l t r y , k a n g a r o o e t c . ) . 

A C H A M E D O W [1] w r i t e s t h a t ca l f m e a t w a s i n v o l v e d i n 18.7% of t h e 
i n f e c t i o n s c a u s e d by m e a t in one of t h e T r a n s c a u c a s i a n r e p u b l i c s . S o m e 
p a t i e n t s had e n t e r i t i s , but o t h e r s had c l i n i c a l s y m p t o m s r e s e m b l i n g t h o s e 
of i n f l u e n z a . T h e a u t h o r e s t a b l i s h e s a c l o s e r e l a t i o n b e t w e e n t h e a m o u n t 
of c a l f s a l m o n e l l o s i s and t h e n u m b e r of h u m a n c a s e s . 

A s e r i o u s e p i d e m i c i n E n g l a n d in 1961 i s d e s c r i b e d by ANDERSON et a l . [ 4 ] . 
In t h e m o s t s e r i o u s l y i l l of 90 p a t i e n t s , S . t y p h i m u r i u m ( p h a g e 20 A) w a s 
i s o l a t e d - and a l s o found in 6 d i s e a s e d c a l v e s a t an e a r l y s t a g e in t h e 
h u m a n o u t b r e a k . T h e c a l v e s on the f a r m c o n c e r n e d c a m e f r o m a c o l l e c t i o n 
c e n t r e n e a r O x f o r d w h i c h d i s t r i b u t e s c a l v e s t o v a r i o u s s l a u g h t e r - h o u s e s 
in t h e t o w n s w h e r e h u m a n i n t o x i c a t i o n w a s o b s e r v e d . Cal f m e a t w a s s u s -
p e c t e d in t h r e e - f i f t h s of t he c a s e s s t u d i e d . M o r e o v e r , t ype phage 20 A w a s 
found in 12.7% of the c a l v e s which r e m a i n e d l o n g e s t at t he c o l l e c t i o n c e n t r e . 
T h e m e a t of t h e s e c a l v e s w a s i n t e n d e d f o r s o m e J e w i s h c u s t o m e r s and w a s 
t h e r e f o r e cut i n to s m a l l p i e c e s f o r r e m o v a l of a l l b lood v e s s e l s . T h i s u n -
u s u a l t y p e of c u t t i n g m e r e l y f a c i l i t a t e d t h e i n f e c t i o n of t h e m e a t , wh ich , i n 
a d d i t i o n , w a s e a t e n by the p u r c h a s e r s a f t e r on ly s l i gh t c o o k i n g . 

P A N T A L Ê O N [ 152] c o n s i d e r s tha t S a l m o n e l l a i n fec t ion of the m u s c l e i s 
r a r e in P a r i s but t h a t s u p e r f i c i a l p o l l u t i o n of c a r c a s s e s by S a l m o n e l l a of 
i n t e s t i n a l o r i g i n i s m u c h m o r e f r e q u e n t . 

T h i s i s a l s o t h e v i e w of D u t c h i n v e s t i g a t o r s a f t e r a n i n t e n s i v e e f f o r t 
t o f ind out how S a l m o n e l l a could be p r e s e n t in such g r e a t n u m b e r s in m i n c e d 
m e a t - in o t h e r w o r d s , how s e c o n d a r y con t amina t ion of the m e a t took p l a c e 
( K A M P E L M A C H E R . and a s s o c i a t e s [104, 106, 107] ). S a l m o n e l l a a r e f o u n d , 
on t h e a v e r a g e , i n 6% of m i n c e d p i g m e a t . A n a l y s i s of t h e s l a u g h t e r i n g 
p r o c e s s r e v e a l e d tha t S a l m o n e l l a w e r e p r e s e n t in the s c r a p i n g s of t h e s k i n 
of 22% of t h e p i g s a f t e r b l e e d i n g . S c a l d i n g a t 62°C d id n o t e l i m i n a t e t h e 
S a l m o n e l l a , wh ich w e r e h a r b o u r e d in p i e c e s of e x c r e m e n t o r in t h e d e p t h s 
of t h e h a i r f o l l i c l e s . T h e d e p i l a t i n g m a c h i n e s a r e o f t e n i n f e c t e d , and t h e 
w a y i n w h i c h t h e y a r e c l e a n e d and d i s i n f e c t e d l e a v e s m u c h t o b e d e s i r e d . 
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S in g e in g in a h i g h - t e m p e r a t u r e oven r e d u c e s S a l m o n e l l a - i n d u c e d i n f e c t i o n 
only t e m p o r a r i l y . T h e f l a m e s do not r e a c h the ana l r e g i o n o r the d e p t h s of 
t h e s k i n . D u r i n g t h e s c r a p i n g of the b u r n e d p a r t s and t h e f i n a l s p r i n k l i n g 
i n f e c t i o n i s s p r e a d a g a i n . 

M a n y p i g s h a v e S a l m o n e l l a in t h e i r l y m p h a t i c , m e s e n t e r i c and h e p a t i c 
g a n g l i a . S ince t h e g e r m s h a v e b e e n found on 502 e x p e r t s ' k n i v e s on 25 
o c c a s i o n s , t h e q u e s t i o n a r i s e s a s t o w h e t h e r it i s a d v i s a b l e to cut t h e l y m -
p h a t i c and m e s e n t e r i c gang l i a of a p p a r e n t l y hea l t hy p i g s . 

T h e i m p o r t a n c e of r e f r i g e r a t i n g the m e a t at a l l t i m e s i s r e p e a t e d l y e m -
p h a s i z e d ; i t p r e v e n t s m u l t i p l i c a t i o n of t h e S a l m o n e l l a and h a s g iven e x -
c e l l e n t r e s u l t s i n t h e U n i t e d S t a t e s , w h e r e t h e i n f e c t i o n of p i g m e a t i s no 
l e s s t h a n in t h e N e t h e r l a n d s . 

T h e i d e a i s old and b a s e d on the fo l lowing d a t a : S a l m o n e l l a do not g row 
i n m i n c e d m e a t k e p t f o r 5 d a t 7°C ( S U L Z B A C H E R [191] ). A c c o r d i n g t o 
J O H N E [ 9 9 ] , t h e r e i s no m u l t i p l i c a t i o n a t 5°C but s o m e at 12°C. S. t y p h i m u r i u m 
b e g i n t o m u l t i p l y a t 9°C. T h e a u t h o r b e l i e v e s m u l t i p l i c a t i o n of S a l m o n e l l a 
i n m e a t in r e f r i g e r a t o r s t o be i m p r o b a b l e . 

A r e f r i g e r a t i o n c y c l e w i l l c o m e i n t o f a s h i o n a g a i n if i t b e c o m e s t h e 
p r a c t i c e t o s e l l p r e v i o u s l y p r e p a r e d m i n c e d m e a t in r e f r i g e r a t e d o r f r o z e n 
f o r m . P u b l i c h e a l t h s u p e r v i s i o n w i l l h a v e t o b e s t r i c t and c o n s t a n t 
( P A N T A L I S O N [151] ). 

C e r t a i n s u b s t a n c e s , e . g . a n t i b i o t i c s , supp l ied to l iv ing a n i m a l s in t h e i r 
food c a n h a v e a n e f f e c t on S a l m o n e l l a c o n t e n t . F o r e x a m p l e , t h e m e a t of 
a n i m a l s g iven a n t i b i o t i c s in a l i m e n t a r y d o s e s ( i . e . 20-66 m g of a u r e o m y c i n 
p e r a n i m a l p e r day) show S a l m o n e l l a if c o n s e r v e d a t 5°C, bu t t h e n u m b e r 
d e c r e a s e s c o n s i d e r a b l y if t h e m e a t i s c o n s e r v e d a t 15°C ( C O R E T T I [37 ] ) . 

M e n t i o n s h o u l d a l s o be m a d e of i o n i z i n g r a d i a t i o n u s e d i n t h e c o n s e r -
v a t i o n of m e a t . Without going in to the d e t a i l s , we m a y m e n t i o n , i n t e r a l i a , 
t h e s t u d i e s of L E A et a l . [ 1 1 8 ] , C O L E B Y e t a l . [36] a n d K E M P E a n d 
GRAIKOSKI [ 1 0 9 ] , w h i c h i n d i c a t e t h e r a d i a t i o n d o s e s n e c e s s a r y a n d t h e 
a l t e r a t i o n s t h e y c a u s e . E R D M A N et a l . [58] h a v e e x a m i n e d t h e s e n s i t i v i t y 
of v a r i o u s s t r a i n s of b a c t e r i a to i o n i z i n g r a d i a t i o n . 

(2) Imported meats 

V a r i o u s m e a t s i m p o r t e d f r o z e n have been shown by HOBBS [881, HOBBS 
and G R E E N W O O D [91] and a n o n y m o u s a u t h o r s [12] t o be i n f e c t e d w i t h 
S a l m o n e l l a . It w a s found in 3 -4% of the f r o z e n c a r c a s s e s and in 10% of the 
p i e c e s of b o n e l e s s and f r o z e n b e e f , m u t t o n and v e a l . T h e p r o b a b i l i t y of 
e x t e r n a l c o n t a m i n a t i o n o c c u r r i n g d u r i n g s l a u g h t e r i n g , c u t t i n g and hand l i ng 
i n t h e c o u n t r y of o r i g i n i s s t r e s s e d . F a t i g u e , h u n g e r and t h i r s t a r e d e f -
i n i t e l y s a i d t o a f f e c t t h e young a n i m a l s . 

H o r s e m e a t i m p o r t e d f o r u s e a s a n i m a l f e e d c o n t a i n e d S a l m o n e l l a i n 
100% of t h e c a s e s ( G R E E N W O O D [ 7 5 ] , 1962) . 

B o n e l e s s k a n g a r o o m e a t e x p o r t e d f r o m A u s t r a l i a does not a lways s e e m 
to have been t r e a t e d with adequa t e c a r e , being v e r y o f t en i n f ec t ed by d i v e r s e 
t y p e s of S a l m o n e l l a . I n f e c t i o n r a t e s of o v e r 50% a r e q u o t e d . T h e c o n -
sequen t d a n g e r led to a p roh ib i t i on of i m p o r t s into G e r m a n y (BISCHOFF [21] , 
S C H A A L [ 1 7 6 ] , M A Y E R a n d HAUS [135] a n d B I S C H O F F [22 , 2 3 ] ) . 
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(3) Poultry meat 

P o u l t r y c a r c a s s e s a r e v e r y o f t e n i n f e c t e d by S a l m o n e l l a . D e s p i t e t h e 
c o n s i d e r a b l e p r o g r e s s m a d e t o w a r d s c o n t r o l l i n g p u l l o r u m d i s e a s e , i n -
f e c t i o n s c a u s e d by S, p u l l o r u m con t inue to o c c u r and to c a u s e l o s s e s . H o w -
e v e r , in a d u l t a n i m a l s t h e y a r e o f t e n l o c a l i z e d i n one o r g a n ( e . g . t h e 
o v a r i e s ) . T h e r e s e e m s m o r e r e a s o n to f e a r i n f e c t i o n by S. t y p h i m u r i u m , 
w h i c h , v e r y p a t h o g e n i c in m a n , a r e f r e q u e n t l y found in t h e h e p a t i c s y s t e m 
and i n t e s t i n e , l ead ing t o con t amina t ion du r ing d r e s s i n g of the c a r c a s s . Some 
r e c e n t r e f e r e n c e s a r e COSGROVE and LINDENMAIER [38] , L INSERT [126] 
B L A X L A N D et a l . [ 25 ] , THAL et a l . [193] and WEIDLICH and N I E D E R E H E 
[207] . Sa lmone l l a a r e p r e s e n t in 17% of the o r g a n s and 2.27% of e x c r e m e n t s 
(BIGLAND [20] ). 

A l l a u t h o r s a g r e e in b e l i e v i n g t h a t p o u l t r y a r e t h e m a j o r n o n - h u m a n 
r e s e r v o i r of S a l m o n e l l a . To cope wi th the c o n s i d e r a b l e i n c r e a s e in the c o n -
s u m p t i o n of p o u l t r y i n m a n y E u r o p e a n and A m e r i c a n c o u n t r i e s , e n o r m o u s 
b r e e d i n g f a r m s and s p e c i a l i z e d s l a u g h t e r - h o u s e s have b e e n se t up; and t h i s 
h a s , of c o u r s e , g r e a t l y c o n t r i b u t e d t o t h e s p r e a d of a v i a n s a l m o n e l l o s i s 
and t h e f r e q u e n t i n f e c t i o n of p o u l t r y m e a t . In t h e s e s l a u g h t e r - h o u s e s t h e 
p o u l t r y a r e p lucked by m a c h i n e r y , m a s s - e v i s c e r a t e d by the s a m e s ta f f and 
t h e n r e f r i g e r a t e d i n t a n k s of i c e d w a t e r b e f o r e s a l e o r d e e p f r e e z i n g . ' 

DIXON and P O O L E Y [48] i s o l a t e d S a l m o n e l l a in 13.8% of t h e s a m p l e s 
t a k e n at a p l a n t w h e r e 12 000 c h i c k e n s a r e k i l l e d and p a c k e d d a i l y . He 
s t r e s s e s the i n f e c t i o n wh ich r e s u l t s f r o m e v i s c e r a t i o n . T o avoid t h i s c o n -
t i n u a l c o n t a m i n a t i o n , t h e r e f r i g e r a t i o n w a t e r i s s o m e t i m e s c h l o r i n a t e d , but 
t h i s i s o f t e n l a r g e l y c o u n t e r a c t e d by t h e h igh con ten t of o r g a n i c s u b s t a n c e s 
in the w a t e r . In a s u p p l e m e n t a r y p a p e r , t he s a m e a u t h o r s [46] s u g g e s t tha t 
f o w l c a r c a s s e s , t o b e f r e e d of S a l m o n e l l a , n e e d t o b e k e p t f o r 10 m i n i n 
f r e s h w a t e r c o n t a i n i n g 200 p p m of c h l o r i n e . A n t i b i o t i c s ( c h l o r t e t r a c y c l i n e 
and o x y t e t r a c y c l i n e ) , m i x e d wi th the i c e d r e f r i g e r a t i o n w a t e r , w e r e t r i e d 
but it w a s found (HOBBS et a l . [90] ) tha t S . t y p h i m u r i u m g r a d u a l l y deve loped 
a r e s i s t a n c e to c h l o r t e t r a c y c l i n e . Of 662 s t r a i n s i s o l a t e d in m a n , a n i m a l s 
and f o o d , 1.6% w a s f o u n d t o b e r e s i s t a n t . T h u s , t h e a n t i b i o t i c t r e a t m e n t 
e l i m i n a t e s o r c o n s i d e r a b l y s l o w s down the m u l t i p l i c a t i o n of p u t r e f y i n g o r -
g a n i s m s but a c c e l e r a t e s t h e m u l t i p l i c a t i o n of r e s i s t a n t S. t y p h i m u r i u m . 
T h e c a r c a s s e s b e c o m e d a n g e r o u s but a r e e a t e n b e c a u s e t h e y look a l l r i g h t . 

R A M S E Y and EDWARDS [165] , f o r t he p e r i o d 1958-1960, i n d i c a t e tha t 
t h e n u m b e r of t e t r a c y c l i n e - r e s i s t a n t s t r a i n s of S. t y p h i m u r i u m i s o l a t e d i n 
m a n r o s e f r o m 0% to 13.9%; in a n i m a l s , f r o m 0% to 29%. Some s t r a i n s a r e 
a l s o r e s i s t a n t t o c h l o r a m p h e n i c o l . R e s i s t a n c e on the p a r t of o t h e r t y p e s of 
S a l m o n e l l a i s o b s e r v e d l e s s f r e q u e n t l y . S i m i l a r o b s e r v a t i o n s a r e r e p o r t e d 
by M A N T E N et a l . f o r t he N e t h e r l a n d s [132] . 

W A L K E R [205] r e p o r t s r e s i s t a n t s t r a i n s of S. t y p h i m u r i u m i n b i r d s 
r e c e i v i n g c h l o r t e t r a c y c l i n e i n t h e i r d i e t . T h e i n c r e a s e i n r e s i s t a n c e i s 
n i n e - f o l d , i . e . f r o m 25 p p m t o 225 p p m by t h e t h i r d p a s s a g e . 

P o u l t r y p r o d u c t s p r o v e d to be the c a u s e of Sa lmone l l a i n f ec t ions in p e r -
s o n s in 16% of c a s e s (SADLER et a l . [173] ), and a h igh i n c i d e n c e of a p a r -
t i c u l a r S a l m o n e l l a s e r o t y p e in f o w l s i n a g iven a r e a g o e s hand in hand wi th 
the s a m e i n c i d e n c e of t h i s s e r o t y p e in m a n . S i m i l a r l y , t he s a m e s e r o t y p e s 
a r e i s o l a t e d in fowls and in t h e i r food (BROYER et a l . [28] ). 
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P a r t s of p o u l t r y sold r a w a r e i m p o r t a n t s o u r c e s of infec t ion; Sa lmonel la 
h a v e b e e n found i n one p i e c e out of s i x (WILSON et a l . [209] ). T h e y m u s t 
be c o l d - s t o r e d by t h e c o n s u m e r . S i m i l a r p r o d u c t s , so ld cooked, no l onge r 
con t a ined S a l m o n e l l a . 

Cooked p r o d u c t s m a y be c o n t a m i n a t e d by i n f e c t e d e q u i p m e n t , i n s t r u -
m e n t s and u t e n s i l s ; e . g . t h e i n v e s t i g a t i o n of the l a r g e - s c a l e food po i son ing 
in a p r i s o n in the Uni ted S t a t e s w h e r e 200 p e r s o n s b e c a m e i n f e c t e d a f t e r 
e a t i n g s l i c e s of t u r k e y s h o w e d t h a t t h e c o o k e d t u r k e y s had b e e n s l i c e d on 
b l o c k s t h a t had p r e v i o u s l y b e e n u s e d f o r p r e p a r a t i o n of the r a w c a r c a s s e s . 
T h e s l i c e s h a d b e e n s t o r e d and s i m p l y r e h e a t e d b e f o r e s e r v i n g . T h e 
t e m p e r a t u r e w a s no t h igh enough t o s t e r i l i z e t h e m , n o r did c l e a n i n g of t h e 
b l o c k s wi th s o a p and w a t e r p r e v e n t t h e t r a n s m i s s i o n of S. t y p h i m u r i u m 
( M A C K E L et a l . [130] ). 

S a l m o n e l l a i n f e c t i o n s s i m i l a r to t h o s e o b s e r v e d in c h i c k e n s l a u g h t e r -
h o u s e s h a v e a l s o b e e n f o u n d i n t u r k e y s l a u g h t e r - h o u s e s . D I X O N a n d 
P O O L E Y [47] f o u n d r a t e s of 19.3% and 7.8%; in 46 s t r a i n s i s o l a t e d , t h e r e 
w e r e 4 3 a n a e r o g e n i c S. t y p h i m u r i u m b e l o n g i n g t o p h a g e t y p e 1 A , v a r . I . 
T h e y r e c o m m e n d s t r i c t h y g i e n e d u r i n g t h e d r e s s i n g ; t h e i n t e s t i n e s s h o u l d 
not b e t o r n , and t h e r e f r i g e r a t i o n w a t e r s h o u l d b e c h l o r i n a t e d . 

(4) Meat products 

M a n y p u b l i c h e a l t h e x p e r t s c o n s i d e r m e a t p r o d u c t s t h e m a j o r c u l p r i t s 
in m a n y t y p e s of h u m a n i n t o x i c a t i o n . E n g l i s h s t a t i s t i c s s h o w s t h i s c l e a r l y . 
T h e fo l lowing m a y b e m e n t i o n e d a m o n g t h e m o s t r e c e n t c a s e s . 

S. c a l i f o r n i a and S. h a i f a w e r e i s o l a t e d in two s a u s a g e s . A l m o s t at t h e 
s a m e t i m e t h e y w e r e f o u n d i n t h e f a e c e s of c h i l d r e n b e t w e e n t h e a g e s of 
4 m o n t h s and 2 y r who had v i o l e n t e n t e r i t i s . A k i t c h e n h a n d a n d a m e a t -
m a r k e t e m p l o y e e w e r e f o u n d t o b e c a r r i e r s ( H U L T S C H [95] ) . 

S . i n f a n t i s , t r a n s m i t t e d by a p i e c e of s m o k e d h a m , w a s r e s p o n s i b l e f o r 
p o i s o n i n g in t h e c a s e of 8 p e r s o n s in t h e U n i t e d S t a t e s ( A N G E L O T T I et a l . 
[7] ) . T h e p a t i e n t s p r o b a b l y i n g e s t e d 1 - 2 m i l l i o n S a l m o n e l l a , wh ich i s c o n -
s i d e r e d v e r y c l o s e t o t h e t o x i c d o s e . T h e p r e s e n c e a t t h e s a m e t i m e of 
S t r e p t o c o c c i of G r o u p D w a s a p p a r e n t l y a c o m p l i c a t i n g f a c t o r . 

S . b l o c k l e y in B r a u n s c h w e i g s a u s a g e r e s u l t e d i n t h e p o i s o n i n g of 561 
p e r s o n s and 3 d e a t h s (HANDLOSER [80] ). T h e s a u s a g e conta ined v e r y l a r g e 
n u m b e r s of S a l m o n e l l a . Only a f t e r 50 w e e k s did the l a s t conva le scen t c e a s e 
e l i m i n a t i n g S a l m o n e l l a v i a the f a e c e s . 

M e a t p r o d u c t s a r e r a r e l y c o o k e d p r o p e r l y . T h i s i s t r u e of c e r t a i n 
t y p e s of s a u s a g e , e . g . " B r ü h w u r s t " (hot s a u s a g e ) , in which a f a t ty envelope 
h e l p s t h e S a l m o n e l l a e s c a p e d e s t r u c t i o n b y h e a t i n g ( P F A F F [ 1 5 5 ] ) . In 
p o o r l y r e g u l a t e d o v e n s t e m p e r a t u r e s m a y v a r y b e t w e e n one s e c t i o n of a 
m e a t - p i e a n d a n o t h e r , w h e r e a s only a t e m p e r a t u r e of a t l e a s t 65°C he ld f o r 
12 m i n w i l l e n s u r e p r o p e r p r o t e c t i o n ( A N G E L O T T I e t a l . [6] ) . 

T h e S a l m o n e l l a d e t e c t e d on s o m e m e a t p r o d u c t s m a y o r i g i n a t e wi th t h e 
p a c k i n g o r w r a p p i n g . T h e c a s i n g u s e d f o r s a u s a g e s m a y be a n o t h e r i m -
p o r t a n t s o u r c e of i n f e c t i o n t o t h e m . In u n s a l t e d c a s i n g s f r o m p i g s S a l m o n e l l a 
w e r e found i n 80% of t h e s a m p l e s ( 0 - 1 5 S a l m o n e l l a p e r g ) . S a l t e d p i g 
c a s i n g s did not c o n t a i n S a l m o n e l l a . D r y s a l t i n g i s s u p p o s e d t o be t o x i c f o r 
S a l m o n e l l a a l t h o u g h t h e y a r e q u i t e r e s i s t a n t t o b r i n e ( G H Y S E N [69] ) , b u t 
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S E I D E L and H E R R L E R [179] b e l i e v e d r y s a l t i n g of t h e c a s i n g s wi l l not k i l l 
t he S a l m o n e l l a wi th in a r e a s o n a b l e t i m e . At a s t o r a g e t e m p e r a t u r e of 4-7°C 
and i n t h e p r e s e n c e of 22% s a l t , he found l i v ing S a l m o n e l l a a f t e r 24 w e e k s . 

In c a s e s of i n tox i ca t i on r e p o r t e d by P A H R [150], S a l m o n e l l a (S. e n t e r i -
t i d i s and S. t . y p h i m u r i u m ) w e r e s h o w n t o b e p r e s e n t on c a s i n g s and a l s o i n 
t h e f a e c e s of t h e s t a f f of t h e e n t e r p r i s e s c o n c e r n e d . In o r d e r t o a v o i d a s 
f a r a s p o s s i b l e the d a n g e r of i n f e c t e d c a s i n g s , h e a d v o c a t e s t h e s y s t e m a t i c 
s e i z u r e of t h e m e s e n t e r i e s and the i n t e s t i n e s in a l l c a s e s of e m e r g e n c y 
s l a u g h t e r . T h e p o t e n t i a l d a n g e r of t r a n s m i s s i o n which t h e s e o r g a n s involve 
i s out of a l l p r o p o r t i o n t o t h e i r e c o n o m i c v a l u e . 

C o n t r a r y t o wha t m i g h t b e t h o u g h t , s y n t h e t i c p a c k i n g s c a n a l s o b e i n -
f e c t e d by c o n t a c t wi th c o n t a m i n a t e d p r o d u c t s , h a n d s and u t e n s i l s . C e l l o p h a n e -
w r a p p e d s a u s a g e s l i k e " M e t t w u r s t " and T h e e w u r s t " a r e h a n d l e d m a n u a l l y . 
C a r r i e r s m a y d e p o s i t S a l m o n e l l a on t h e s u r f a c e of t h e p r o d u c t s , and t h e s e 
c a n r e m a i n a l i v e f o r 24 h . At t h e t i m e of s l i c i n g , t h e y c a n p a s s i n t o t h e 
m e a t (GROSZKLAUS [77 ] ) . If t h e c e l l o p h a n e c a s i n g s a r e s m o k e d , t h e s u r -
v i v a l t i m e of t h e S a l m o n e l l a i s r e d u c e d (GROSZKLAUS [76] ). 

T h e a w ( a c t i v i t y of w a t e r ) of a p r o d u c t h a s a c o n s i d e r a b l e e f f e c t on the 
d e v e l o p m e n t of b a c t e r i a . F o o d - p o i s o n i n g g e r m s r e q u i r e a m i n i m u m of 0 .95 . 
In m o d e r a t e l y s a l t e d , v a c u u m - p a c k e d m e a t p r o d u c t s , S a l m o n e l l a h a v e no 
o p p o r t u n i t y of m u l t i p l y i n g . In f r e s h , s l i c e d m e a t , h o w e v e r , t h e a w i s a d e -
q u a t e , a n d f o r c o u n t e r a c t i o n of t h e d e v e l o p m e n t of b a c t e r i a ( i n c l u d i n g S a l -
m o n e l l a ) t h e p r o d u c t s h o u l d b e k e p t a t a low. t e m p e r a t u r e ( H A N S E N a n d 
R I E M A N N [81] ) . 

A l l t h e p o i n t s c o n s i d e r e d a b o v e r e d u c e v e r y o f t e n s i m p l y t o q u e s t i o n s 
of g e n e r a l h y g i e n e a s a p p l i e d t o s t a f f , p r e m i s e s and e q u i p m e n t . 

It h a s b e e n o b s e r v e d t h a t S a l m o n e l l a f r o m f a e c e s d e p o s i t e d on s h o e s , 
c l o t h i n g e t c . c a n r e m a i n r e s i s t a n t f o r a l ong t i m e : 1 0 - 1 1 m o n t h s i n m o i s t 
f a e c e s , 2 | m o n t h s in d r y f a e c e s (DYKSTRA [52] ) . T h e a p r o n s of s l a u g h t e r -
h o u s e w o r k e r s a n d b u t c h e r s a r e o f t e n s o f i l t h y t h a t t h e d e p o s i t s r e m o v e d 
f r o m t h e m m a y con t a in 1 m i l l i o n g e r m s p e r g r a m . S imple con tac t wi th d r y 
s k i n c a n r e s u l t in t h e d e p o s i t of 90 000 g e r m s p e r c m 2 ( A L L A N [3] ) . O n e 
g r a m of f a e c e s c o n t a i n s 8 0 - 1 0 0 X 106 g e r m s . 

A f t e r p r o p e r c l e a n i n g of a p r o n s , s h o e s o l e s and the t r e a d s of c a r t 
w h e e l s , the d e g r e e of i n f e c t i o n can be c o n s i d e r é d a s having been r e d u c e d , on 
t h e a v e r a g e , 100 t i m e s (HOHN [94] ). 

(5) Eggs and egg products 

T h e d a n g e r s of e a t i n g i n s u f f i c i e n t l y cooked ducK eggs h a v e b e e n a p -
p r e c i a t e d f o r a long t i m e . T h e l e g i s l a t i o n of v a r i o u s c o u n t r i e s i s v e r y e x -
p l i c i t on t h i s s u b j e c t . 

Ch icken eggs so ld in the she l l a r e l e j s f r e q u e n t l y in fec ted by Salmonel la . 
A c c o r d i n g t o W . B r e d e r e c k ( in WEIDLICH and N I E D E R E H E [206]) , t h e f i g u r e 
i s be tween 1 p e r t housand and 4 p e r t h o u s a n d . While the egg -wh i t e h a s w e l l -
known b a c t e r i c i d a l p r o p e r t i e s , t h e a l l e g e d p r o t e c t i o n of t h e s h e l l i s an i l -
l u s i o n , b e c a u s e i t i s t r a v e r s e d by S a l m o n e l l a p u l l o r u m w i t h i n 24 h and by 
S. t y p h i m u r i u m , Col i and P r o t e u s b a c t e r i a wi thin 48 h (vor den ESCHE [204]). 
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When t h e eggs a r e opened , c o n s i d e r a b l e c o n t a m i n a t i o n t a k e s p l a c e ; and 
g e r m s , inc lud ing S a l m o n e l l a , a r e found in f r o z e n eggs (whole, ye l low, white) 
a n d i n p o w d e r e d e g g s . T h e i n f e c t i o n i s s o m e t i m e s s o e x t e n s i v e t h a t e g g 
p r o d u c t s c a n be s a i d t o p l a y a n e x c e p t i o n a l p a r t in t h e t r a n s m i s s i o n of S a l -
m o n e l l a to m a n and a n i m a l s . Recen t s t a t i s t i c s f r o m G e r m a n y (KRESSMANN 
and A L B E R T [114]) s u m m a r i z i n g the r e s u l t s of b a c t e r i o l o g i c a l e x a m i n a t i o n s 
d u r i n g t h e l a s t f i v e y e a r s s h o w s tha t 30.7% of the s h i p m e n t s i m p o r t e d w e r e 
c o n s i d e r e d "bad ly p r o c e s s e d " . 

A s i n t h e c a s e of m e a l s , e a c h b a t c h h a s t o b e e x a m i n e d , b e c a u s e t h e 
t e c h n i q u e s of p r e p a r a t i o n a r e f a r f r o m p e r f e c t and t h e c e r t i f i c a t e s i s s u e d 
by m a n y e x p o r t i n g c o u n t r i e s do not a f f o r d a s u f f i c i e n t g u a r a n t e e . A L B E R T 
[2] h a s s h o w n t h a t 16% of p a s t e u r i z e d e g g p r o d u c t s f r o m t h e U n i t e d S t a t e s 
w e r e i n f e c t e d by S a l m o n e l l a and 5 -6% f r o m C h i n a , t h e N e t h e r l a n d s and 
Y u g o s l a v i a , w h i l e t h o s e f r o m F r a n c e , D e n m a r k a n d N o r w a y w e r e f r e e . 

I t i s no t a l w a y s e a s y t o d e t e r m i n e s p e c i f i c a l l y w h i c h i n t o x i c a t i o n s of 
m a n and a n i m a l s a r e c a u s e d by e g g s and e g g p r o d u c t s , and p r o l o n g e d and 
d i f f i c u l t e p i d e m i o l o g i c a l i n v e s t i g a t i o n s a r e n e c e s s a r y . At Co logne in 1962 
8 out of 12 t y p e s of S a l m o n e l l a i s o l a t e d f r o m egg p r o d u c t s w e r e i d e n t i f i e d 
i n e n t e r i c i n t o x i c a t i o n s in p e r s o n s ( E N T E L [57]) . A d e c r e a s e i n t h e p e r -
c e n t a g e of p o s i t i v e s a m p l e s h a s b e e n o b s e r v e d . 

W E I D L I C H a n d NIE DE RE HE [206] r e p o r t t h e i l l n e s s i n a G e r m a n 
h o s p i t a l of s e v e r a l p a t i e n t s who d ied wi th in a few h o u r s . At f i r s t t h i s w a s 
b l a m e d on s a u s a g e s , but a few m o n t h s l a t e r i t w a s found tha t eggs had b e e n 
r e s p o n s i b l e , i . e . S. m u e n c h e n , in eggs f r o m p o u l t r y f a r m s which had b e e n 
s u p p l y i n g the h o s p i t a l f o r a long t i m e . T h i s v e r y d i f f i c u l t c a s e w a s c l e a r e d 
up only by c l o s e m e d i c a l and v e t e r i n a r y c o - o p e r a t i o n . 

On a S t a t e f a r m i n E a s t e r n G e r m a n y , 23 c o w s d i ed of S. t y p h i m u r i u m 
s a l m o n e l l o s i s in 5 d . The s a m e g e r m s w e r e found in the ducks of t he f a r m , 
a n d i t w a s d i s c o v e r e d t h a t t h e h e a d of t h e d a i r y h a d b e e n f e e d i n g c a l v e s 
w h i c h had b e e n b o r n weak wi th m i l k to which duck e g g s had b e e n added 
( K L O T Z [111]) . 

T h e cook ing m e t h o d u s e d in p r e p a r i n g e g g s i s i m p o r t a n t . G E R N E Z -
RIEUX et a l . [68] s t a t e tha t f r y i n g does not p rov ide the n e c e s s a r y b a c t e r i o l o g i c a l 
s a f e g u a r d s . N o r i s t h e t y p e of b a k i n g u s e d i n p a s t r y - m a k i n g a n y m o r e 
c e r t a i n , and t h e r e s u l t i n g p r o d u c t i s o f t en r e s p o n s i b l e f o r po i son ing in m a n 
(HARVEY et a l . [84]) . S a l m o n e l l a a r e k i l l ed in the p a s t r y c o o k s ' e s t a b l i s h -
m e n t s by h e a t i n g a t 62 °C f o r 4 m i n . H o w e v e r , a s t r a i n of S. s e n f t e n b e r g r e s i s t e d 
60 m i n of hea t ing a t 62°C and was ki l led only a f t e r 2 m i n at 71.2°C ( H E L L E R 
and S A L T E R [87]). 

B a c t e r i o l o g i c a l e x a m i n a t i o n of bo th i m p o r t e d and h o m e - p r e p a r e d e g g 
p r o d u c t s i s n e c e s s a r y , though even th i s d o e s not g ive a c o m p l e t e g u a r a n t e e . 
It d o e s a t l e a s t p r e v e n t undu ly c o n t a m i n a t e d p r o d u c t s f r o m ge t t i ng so ld 
( L O R E N Z [128]) . 

V a r i o u s m e t h o d s a r e u s e d o r r e c o m m e n d e d t o e l i m i n a t e o r r e d u c e t h e 
s o u r c e s of i n f e c t i o n by p a t h o g e n i c g e r m s . 

1. P a s t e u r i z a t i o n : KRESSMANN and A L B E R T [114]' and a n o n y m o u s a u t h o r s 
[10] h a v e r e c o m m e n d e d p a s t e u r i z a t i o n of w h o l e e g g s a t a t e m p e r a t u r e of 
64°C, t h e y e l l o w a t 66°C a n d t h e w h i t e of e g g s a t 57°C . C h e c k i n g c a n b e 
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m a d e by a s t u d y of t h e i n a c t i v a t i o n of g a m m a - a m y l a s e ( S H R I M P T O N e t a l . 
[ 1 8 0 ] ) . 

2. U s e of a m m o n i a : S ince p a s t e u r i z a t i o n h a s a n u n f a v o u r a b l e e f f e c t on t h e 
c a p a c i t y of b e a t e n egg w h i t e s t o r i s e , L E R C H E [123] s tud i ed the u s e of 0.25% 
a m m o n i a . A f t e r h e a t i n g f o r 9 h a t 37°C, t h e g e r m s a r e d e s t r o y e d , and t h e 
a m m o n i a i s t h e n - e l i m i n a t e d by d r y i n g . 

3 . In t h e Un i t ed S t a t e s the s h e l l s a r e f u m i g a t e d wi th f o r m a l d e h y d e at a c o n -
c e n t r a t i o n 3 t i m e s h i g h e r t h a n t h a t u s e d i n i n c u b a t o r s o r by t r e a t m e n t w i th 
1% z i n c s u l p h a t e t o c o u n t e r a c t i n f e c t i o n . T h e e f f i c i e n c y i s 94% ( B I E R E R 
and B A R N E T T [19]) . E x p e r i m e n t s h a v e b e e n done wi th 0.06% and 0.07% |3-
p r o p i o l a c t o n e wi th a v iew to p r e v e n t i n g t h e g rowth of S a l m o n e l l a in the l iquid 
egg a s a who le o r in t h e egg wh i t e (BRUCH and K O E S T E R E R [27]) . G e r m s 
a r e b e i n g s o u g h t w h i c h w i l l b e i n i m i c a l t o S a l m o n e l l a but n e v e r t h e l e s s e n -
s u r e s a t i s f a c t o r y f e r m e n t a t i o n of g l u c o s e i n t h e e g g w h i t e s . A n o n -
p a t h o g e n i c E ^ ^ o l i - i s r e p o r t e d t o h a v e g i v e n good r e s u l t s ( F L I F P I N and 
M I C H E L S O N [62]) . 

4 . In G e r m a n y t e s t s h a v e b e e n d o n e on p o w d e r e d e g g s w i t h g a s ( e t h y l e n e 
o x i d e and p r o p y l e n e ) . T h e r e s u l t s a r e r e p o r t e d t o b e e n c o u r a g i n g , but 
a u t h o r i z a t i o n s h a v e no t y e t b e e n i s s u e d ( K R E S S M A N N a n d A L B E R T [114] 
and W I N K L E a n d A D A M [211]) . 

5. In S w i t z e r l a n d s i n c e 1957 i m p o r t e r s ' i n v o i c e s m u s t i n c l u d e the fo l lowing 
p h r a s e : " A s a p r o t e c t i o n a g a i n s t b a c t e r i o l o g i c a l h a z a r d s , f o o d s p r e p a r e d 
wi th e g g p r o d u c t s m u s t be w e l l h e a t e d o r cooked (at l e a s t 80°C at t h e c e n t r e 
of t he p r o d u c t ) b e f o r e b e i n g e a t e n " ( F O R S T E R and GASSER [63]). 

E g g s a r e u s e d in t h e p r e p a r a t i o n of m a y o n n a i s e . T h e h i g h e r t h e t e m p e r a -
t u r e of c o n s e r v a t i o n a n d t h e l o w e r t h e pH, t h e s o o n e r a n y S a l m o n e l l a i n -
t r o d u c e d w i l l b e k i l l e d . In t h e r e f r i g e r a t o r t h e y d i s a p p e a r i n 10 d , a c -
c o r d i n g t o L E R C H E [ 1 2 4 ] , and in 43 d, a c c o r d i n g to R O E M M E L E and WALL 
[ 1 6 8 ] . At r o o m t e m p e r a t u r e t h e y r e s i s t on ly 24 h [124] o r 46 h [ 1 6 8 ] . 
I t i s b e l i e v e d t h a t t h i s d e s t r u c t i o n i s c a u s e d by a c e t i c and l a c t i c a c i d s 
( R O E M M E L E and W A L L [167]) . S t o r a g e f o r 13 d a t 15°C c a u s e s t h e S a l -
m o n e l l a to d i s a p p e a r f r o m m a y o n n a i s e i MOSSEL and van d e r M E U L E N [146]). 

In p r i n c i p l e , a c i d f r u i t j u i c e s c a n n o t be t h e s o u r c e of S a l m o n e l l a o r 
S h i g e l l a ( M O S S E L a n d de B R U Y N [145 ] ) . 

T h e u s e of ion iz ing r a d i a t i o n migh t p r o v e to be advan t ageous , e s p e c i a l l y 
f o r p a s t e u r i z a t i o n ( M O S S E L [144]) . See a l so , t h e p a p e r s by T h o r n l e y a n d 
L e y i n c l u d e d in t h i s p u b l i c a t i o n . 

(6) Milk and dairy products 

T h e i n f e c t i o n of m i l k c a n b e p r i m a r y , a s i n t h e c a s e of S a l m o n e l l a -
i n d u c e d m a s t i t i s ; but m o s t o f t e n t h e i n f e c t i o n i s s e c o n d a r y : t h e S a l m o n e l l a 
get in to it by way of d u s t , e x c r e m e n t , e q u i p m e n t , i n s e c t s e t c . T h e c lo th ing 
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of w o r k e r s who a r e c a r r i e r s i s o f t e n i n f e c t e d . T h e s t a t i s t i c s and d e t a i l s 
p u b l i s h e d in t h e Month ly Bu l l e t i n of the M i n i s t r y of H e a l t h and Hea l th L a b o r 
S e r v i c e ( 1 9 6 2 - 2 1 - 1 8 0 ) a r e e loquent on t h i s s u b j e c t . 

Mi lk w a s c e r t a i n l y , o r a t l e a s t p r o b a b l y , t he c a u s e of t he p o i s o n i n g of 
a g r o u p of 219 p e r s o n s a n d a l a r g e n u m b e r of f a m i l i e s - o f t e n s p e c i a l -
q u a l i t y , t u b e r c u l i n - t e s t e d m i l k , so ld c r u d e . S. t y p h i m u r i u m , S. e n t e r i t i d i s 
and S. h e i d e l b e r g w e r e i n v o l v e d . 

HARMS [82] s h o w s tha t in adul t bov ines which a r e c a r r i e r s , the u d d e r 
d o e s not e l i m i n a t e S a l m o n e l l a but t h a t t h e m i l k c a n s o m e t i m e s be i n f e c t e d 
d u r i n g m i l k i n g if h y g i e n i c c a r e i s not r i g o r o u s . 

P a s t e u r i z a t i o n d e s t r o y s p a t h o g e n i c g e r m s and i s t o be r e c o m m e n d e d 
f o r a l l t y p e s if m i l k , inc lud ing mi lk d e s c r i b e d a s be ing of excep t iona l ly high 
qua l i ty ( P O P P E [157]) and m i l k f o r c h e e s e - it h a s been found i n D e n m a r k 
tha t S a l m o n e l l a c a n p e r s i s t f o r 6 m o n t h s in c h e e s e ( anonymous a u t h o r s [9]). 

(7) Foods of vegetable origin 

Since 1955 (WILSONand MACKENZIE [210]) it ha s been known tha t c o c o -
nut s h a v i n g s c a n b e i n f e c t e d by S a l m o n e l l a , i nc lud ing S. p a r a В and , in one 
c a s e , even S. t y p h i . S h i p m e n t s of coconu t s a n a l y s e d i n 1962 by STR AWBRIDGE 
[188] in E n g l a n d c o n t a i n e d S a l m o n e l l a in 8.9% of c a s e s . S i m i l a r f i n d i n g s 
have been m a d e in G e r m a n y (ELLINGSEN and SKOGSHOLM [55]). The d a n -
g e r i s v e r y r e a l . C o c o n u t s h a v i n g s a r e u s e d in t h e p r e p a r a t i o n of c e r t a i n 
s w e e t s , m a c a r o o n s o r t o a s t e d a r t i c l e s in w h i c h t h e f i n a l h e a t i n g d e s t r o y s 
t h e p a t h o g e n i c g e r m s ; but t h e y a r e a l s o u s e d in " c o l d " p r e p a r a t i o n s , in 
wh ich , if t h e y a r e s t o r e d a t t oo high a t e m p e r a t u r e , a d a n g e r o u s m u l t i p l i -
c a t i o n of S a l m o n e l l a c a n t a k e p l a c e (НОСКЕ [92]) . 

I n s t a n t f o o d s r e p r e s e n t a f u r t h e r d a n g e r . T h e r e i s a r e p o r t on t h e i n -
t o x i c a t i o n of 110 c h i l d r e n u n d e r 2 y r of a g e by a c e r e a l p r e p a r a t i o n w h i c h , 
a f t e r m i x t u r e wi th t e p i d w a t e r , w a s r e a d y f o r i m m e d i a t e c o n s u m p t i o n . It 
p r o v e d t o be i n f e c t e d by S. m u e n c h e n , found in t h e b a r l e y , w h i c h had c o m e 
f r o m A f r i c a ( S I L V E R S T O L P E and P L A Z I K O W S K I [ 1 8 1 ] ) . K R U G E R S 
DAGENEAUX [115] d r a w s a t t en t ion t o p o w d e r e d c o f f e e , p o w d e r e d pudd ings , 
p o w d e r e d s o u p s , p o w d e r e d c o c o a and t h e p o w d e r s u s e d f o r p r e p a r i n g i c e 
c r e a m . 

It h a s a l s o b e e n s h o w n t h a t S a l m o n e l l a and S t a p h y l o c o c c u s a u r e u s c a n 
d e v e l o p in t h e p r e s e n c e of the n o r m a l f l o r a p r e s e n t on f r o z e n p e a s . S t r i c t 
h y g i e n e i s t h e r e f o r e n e c e s s a r y i n f r o z e n f r u i t a n d v e g e t a b l e p r o c e s s i n g 
p l a n t s ( W H I T E a n d W H I T E [208] ) . 

(8) Water 

T h e i n f e c t i o n of c e r t a i n r i v e r w a t e r s h a s r e s u l t e d in a g e n e r a l p r o h i b i -
t ion on p u b l i c b a t h i n g in the l o w - l y i n g and s w a m p y a r e a s of t he p r o v i n c e of 
B r a u n s c h w e i g ( P O P P [156]) . 

W h i l e d r i n k i n g w a t e r h a s p l a y e d a l a r g e p a r t i n t h e t r a n s m i s s i o n of 
c e r t a i n t y p e s of typho id and p a r a t y p h o i d f e v e r , it m a y a l s o be v e r y d a n g e r o u s 
if p o l l u t e d by e x c r e t i o n s of b i r d s and a n i m a l s w h i c h a r e c a r r i e r s of S a l -
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m o n e l l a . PARASSE et a l . [39] i s o l a t e d 27 s t r a i n s of S a l m o n e l l a i n a l i z a r d -
i n f e c t e d r e s e r v o i r in a f o r e i g n c o u n t r y . 

(9) Molluscs and crustaceans 

T h e s e a r e a s o u r c e of i n f e c t i o n to m a n w h e n the w a t e r s which h a r b o u r 
t h e m a r e i n f e c t e d by S a l m o n e l l a ( d a n g e r of e s t u a r i e s ) . 

P R O B L E M S O F T H E M O D E R N W O R L D 

M e n t i o n m u s t a l s o b e m a d e of t h e n e w c u l i n a r y h a b i t s of t h e m o d e r n 
w o r l d . T h e h o u s e k e e p e r w o r k s l e s s a n d l e s s in h e r k i t c h e n b e c a u s e e m -
p l o y e d i n a f a c t o r y o r o f f i c e . T o a n i n c r e a s i n g e x t e n t , s h e b u y s r e a d y -
m a d e d i s h e s in s u p e r m a r k e t s and s e l f - s e r v i c e s h o p s . In m a n y f a c t o r i e s 
and o f f i c e s the s taf f m e m b e r s ea t m e a l s p r e p a r e d on a l a r g e s c a l e . In o r d e r 
t o f e e d s o m a n y peop le a t one t i m e , m o d e r n t e c h n i q u e s have b e e n deve loped ; 
and t h e r e i s a g r o w i n g u s e of m a c h i n e r y , both in the p r e p a r a t i o n of food and 
i n i t s d i s t r i b u t i o n . I n t h e s e c i r c u m s t a n c e s i t i s q u i t e o b v i o u s t h a t t h e 
s l i g h t e s t i n f e c t i o n s f r o m t h e fooa p r e p a r e d , f r o m the p e r s o n s hand l ing i t o r 
f r o m t h e m a c h i n e s u s e d can s p r e a d r a p i d l y th roughou t the whole p r e p a r a t i o n 
p r o c e s s . A s F A S Q U E L L E (in [45]) p o i n t s out , a l i m e n t a r y t o x i n f e c t i o n s a r e 
a c o m i n g p r o b l e m s i n c e t h e t r e n d s in l i v i n g canno t f a i l to e n c o u r a g e t h e m . 

O v e r p o p u l a t i o n in c e r t a i n a r e a s and t h e p r o h i b i t i o n of p r e s e r v a t i v e s 
( e . g . s u l p h i t e in m i n c e d m e a t ) h a s c o n t r i b u t e d to the e x t e n s i o n of s a l m o n e l -
l o s i s i n m a n (van d e r SCHAAF [200]) . 

N o r s h o u l d i t b e f o r g o t t e n t h a t a n i m a l s w h i c h l i v e w i t h h u m a n b e i n g s 
( d o g s , c a t s , s m a l l b i r d s , p a r r o t s e t c . ) c a n b e a g e n t s of i n f e c t i o n . 

S A L M O N E L L A I N F E C T I O N C O N T R O L M E A S U R E S R E C O M M E N D E D 

In a d d i t i o n t o t h e g e n e r a l and s p e c i a l h y g i e n e n e c e s s a r y i n food p r o -
d u c t i o n a n d u t i l i z a t i o n , t h e f o l l o w i n g m e a s u r e s c a n b e s u g g e s t e d : 
(a) C o m p u l s o r y d e c l a r a t i o n of c a s e s of s a l m o n e l l o s i s by p h y s i c i a n s , v e t e r i -

n a r i a n s and d i a g n o s t i c l a b o r a t o r i e s . 
(b) T h e a t t e n t i o n of t h e g e n e r a l pub l i c t o be d r a w n to t h e i l l - d e f i n e d s y m p -

t o m s of e n t e r i t i s t h a t o f t e n r e v e a l b a c t e r i a l a c t i v i t y . 
(c) A t i r e l e s s c a m p a i g n t o c o n t r o l f o r m s of s a l m o n e l l o s i s w h i c h a r e n o t 

w e l l known - in o t h e r w o r d s , s t u d y t h e s o u r c e s of i n f e c t i o n and t h e 
h u m a n a n d a n i m a l c a r r i e r s ; b r e a k t h e m a n - a n i m a l - m a n c y c l e ; t r y 
n e w m e t h o d s of c o n t r o l l i n g the i n f e c t i o n of food p r o d u c t s (e . g . i on i z ing 
r a d i a t i o n ) . 

(d) R e c o m m e n d tha t a l l p e r i s h a b l e food be r e f r i g e r a t e d and tha t a l l s u s p e c t 
f o o d s ( m i n c e d m e a t , food p r o d u c t s b a s e d on e g g s , m i l k , m e a l s e t c . ) b e . 
a d e q u a t e l y cooked (MOSSEL [ 1 4 3 ] , K A M P E L M A C H E R [ 1 0 2 ] , F L I P P I N 
and E I S E N B E R G [61] and F E Y and WIESMANN [60]) . 

(e) E s t a b l i s h e f f e c t i v e c o - o p e r a t i o n b e t w e e n a l l pub l i c h e a l t h w o r k e r s wi th 
a v i e w t o c a r r y i n g out t he m o s t e x t e n s i v e p o s s i b l e e p i d e m i o l o g i c a l i n -
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v e s t i g a t i o n s . Do not be s a t i s f i e d wi th h a s t y r e s u l t s , w h i c h a r e o f t e n 
m i s l e a d i n g . I m p r o v e d i a g n o s t i c t e c h n i q u e s a s m u c h a s p o s s i b l e a n d 
r a i s e t h e s t a n d a r d s in s p e c i a l i z e d v e t e r i n a r y s c i e n c e ( B A R T E L S [17] -
D U T S C H K E [51]) . 
A f t e r s o d i s c o u r a g i n g a p i c t u r e of t h e p r e s e n t s i t u a t i o n i n m a n and 

a n i m a l s , i t m i g h t b e a s k e d why the n u m b e r of S a l m o n e l l a t o x i n f e c t i o n s i s 
no t c o n s i d e r a b l y h i g h e r . T h e r e a s o n , a s M i s s H O B B S [89] h a s s a i d , i s 
t h a t m o s t h u m a n b e i n g s a r e p r o b a b l y r e s i s t a n t to e v e r y t h i n g (wi th the e x -
c e p t i o n , o f . c o u r s e , of S. typhi ) l e s s than an e x t r e m e l y h igh a o s e of S a l m o n e l l a . 
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Abstract — Résumé — Аннотация — Resumen 

SALMONELLAE IN FOODS AND ANIMAL FEEDING STUFFS. After the problem of Salmonella infections 
in foods and feeding stuffs is emphasized, an account is given of the current ways of manufacturing bone meal , 
mea t m e a l , blood mea l , fish mea l , fish flout, egg products and coconut. The effectiveness in 'e l iminat ing 
salmonellae and the chance and possible sources of recontamination are described for each production method. 

Besides heat treatment, fumigation by ethylene oxide and irradiation with gamma rays are considered. 
The bacteriological tests required to establish the effectiveness of treatment are also discussed, as well as the 
e f fec t of the treatment on the nutritive value of the product. 

LES SALMONELLAE DANS L'ALIMENTATION DE L'HOMME ET DES ANIMAUX. Après avoir souligné 

le problème de la contamination des aliments de l 'homme et des animaux par les Salmonellae, l 'auteur donne 

un aperçu des méthodes courantes de préparation de noix de coco, de poudres d 'os, de viande, de sang et de 

poisson, de farine de poisson et de produits à base d'oeufs. Pour chaque méthode de production considérée, il 

décr i t l ' e f f i c ac i t é de l ' é l imina t ion des Sa lmone l l ae ainsi que les risques d 'une nouvel le contamina t ion . 

Outre le traitement par la chaleur, l 'auteur considère la fumigation par l 'oxyde d'éthylène et l ' irradia-

tion aux rayons gamma. Il examine également les essais bactériologiques nécessaires pour déterminer l ' e f f i -

cac i té du trai tement ainsi que son influence sur la valeur nutritive du produit. - • 

САЛМОНЕЛЛА В ПИЩЕВЫХ ПРОДУКТАХ И В КОРМАХ ДЛЯ C1Î0TA. Придается особое значение проблеме 
заражения пищевых продуктов и кормов для скота салмонеллой, приводятся сведения о методах при-
готовления костной, мясной, кровяной и рыбной муки и пудры, изделий из яиц и кокосов. Каждый 
метод сопровождается сведениями об эффективности уничтожения салмонеллы а также о вероятности 
и возможных источниках повторного заражения. 

Помимо термообработки рассматриваются также окуривание окисью этилена и облучение гамма-
лучами. Рассматриваются также бактериологические опыты, необходимые для определения эффектив-
ности обработки, а также влияние обработки на пищевые'качества продукта. 

SALMONELLAE EN LOS ALIMENTOS Y EN LOS FORRA IES. La memoria destaca en primer lugar el pro-
blema dé la infección de alimentos y forrajes por Salmonellae y, a continuación, describe los métodos corrien-
temente utilizados para la preparación de harina de huesos, carne, sangre, pescado, productos derivados d e 
huevos y de la nuez de coco. Para cada método de producción, describe la eficacia con que permite eliminar 
las bacterias y menciona las posibles fuentes de nueva contaminación, asi" como la probabilidad de que ésta se 
produzca. ; 

Además de los tratamientos térmicos, estudia la fumigación con óxido de etileno y la exposición a los 
rayos gamma. Discute también los ensayos bacteriológicos requeridos para establecer la ef icacia del t rata-
miento y e l e fec to de éste sobre el valor nutritivo del producto. 

THE PROBLEM . 

F o o d s t u f f s conta in ing s m a l l n u m b e r s of s a l m o n e l l a e h a v e be c o m e wel l 
e s t a b l i s he d_sou г c e s_ of human s a l m o n e l l o s i s ' a n d of s y m p t o m l e s s . e x c r e t e r s 
amongs t food h a n d l e r s [1, 2, 3]. With a n i m a l s and b i r d s too, the sa lmone l lae 
a r e r e t a i n e d and e x c r e t e d f o r a t l e a s t a f ew d a y s and s o m e t i m e s l o n g e r 
[4, 5, 6, 7]. P r o o f tha t s a l m o n e l l o s i s in a n i m a l s m a y o c c u r a f t e r t h e y ea t 
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i n f e c t e d f e e d s i s d i f f i c u l t t o f ind , and it i s l i ke ly to depend on a n u m b e r of 
e n v i r o n m e n t a l f a c t o r s a s wel l a s on the p h y s i c a l s t a t e of the a n i m a l exposed 
t o i n f ec t i on . I n v e s t i g a t i o n s have shown tha t , h o w e v e r s m a l l the c a r r i e r r a t e 
on t h e f a r m , t h e r e i s a s t e a d y i n c r e a s e in s y m p t o m l e s s e x c r e t e r s a s t h e 
a n i m a l s m o v e o r a r e t r a n s p o r t e d f r o m t h e f a r m t h r o u g h m a r k e t s o r o t h e r 
c o l l e c t i n g c e n t r e s t o a b a t t o i r s o r m e a t - p a c k i n g s t a t i o n s [8]. F u r t h e r m o r e , 
in young a n i m a l s p a r t i c u l a r l y t h e r e m a y b e a t r a n s i t i o n t o a s e p t i c a e m i c 
s t a t e a s t h e p h y s i c a l cond i t i on d e t e r i o r a t e s u n d e r s t r e s s o r p e r h a p s at t h e 
m o m e n t of dea th [9]. ' S tud ies with p igs , c a l v e s and c a t t l e have p rov ided data 
t o v e r i f y t h e i n c r e a s e d r a t e of i n f e c t i o n of c a r c a s s s a m p l e s o v e r tha t of t he 
l i v e a n i m a l s on the f a r m s [10]. 

I t h a s b e e n s u g g e s t e d t h a t c o n t a m i n a t e d f e e d s t u f f s c o m b i n e d wi th bad 
h a t c h e r y p r a c t i c e m a y be r e s p o n s i b l e f o r t he high i n c i d e n c e of s a l m o n e l l a e 
in s o m e b r o i l e r f a c t o r i e s [11, 12] and a l so m j s r o k e n - o u t egg p r o d u c t s [ 13,14]. 
T h e r e l a t i o n s h i p b e t w e e n egg p r o d u c t s , c o n f e c t i o n e r y and p a r a t y p h o i d f e v e r 
and s a l m o n e l l o s i s h a s b e e n d e s c r i b e d m a n y t i m e s in the E n g l i s h l i t e r a t u r e 
[15, 16] and a l s o in C a n a d a [17] and t h e U n i t e d S t a t e s of A m e r i c a ( p u b l i -
c a t i o n by t h e N a t i o n a l O f f i c e of V i t a l S t a t i s t i c s , M o r b i d i t y a n d M o r t a l i t y 
W e e k l y R e p o r t s f r o m 1 9 5 6 - 1 9 6 0 ) . 

L i n k s in t h e c h a i n c o n n e c t i n g i l l n e s s wi th m e a t c o n t a m i n a t i o n and t h e 
a n i m a l s o u r c e a r e beg inn ing to a p p e a r in England [18, 19] and w e r e r e p o r t e d 
in Sweden in 1955 [20] and 1959 [21]. In the P r o c e e d i n g s of the 65th Annual 
M e e t i n g of t h e U n i t e d S t a t e s L i v e s t o c k S a n i t a r y A s s o c i a t i o n he ld in O c t o b e r 
1961 [22], t h e r e w e r e a n u m b e r of p a p e r s d e a l i n g wi th t h e S a l m o n e l l a c o n -
t a m i n a t i o n of f eed ing s t u f f s , a n i m a l s arid p r o c e s s i n g p l an t s and with the i n t e r -
n a t i o n a l s i g n i f i c a n c e of t h e t r a n s p o r t a t i o n of s a l m o n e l l a e f r o m c o u n t r y t o 
c o u n t r y by m e a n s of c o n t a m i n a t e d f o o d s . 

S ix t een y e a r s ago p u b l i s h e d d a t a [23] r e v e a l e d tha t s p r a y - d r i e d who le 
egg f r o m t h e U n i t e d S t a t e s and C a n a d a c o n t a i n e d s a l m o n e l l a e of s e r o t y p e s 
h i t h e r t o unknown in t h e U n i t e d K i n g d o m but at t he s a m e t i m e i s o l a t e d f r o m 
c a s e s and o u t b r e a k s of s a l m o n e l l o s i s . T h e s a m e s e r o t y p e s w e r e d e m o n -
s t r a t e d in t h e m e s e n t e r i c g l a n d s , o f f a l and f l e s h of p i g s f ed u n c o o k e d d r i e d 
egg w a s t e , t he d e g r e e of c o n t a m i n a t i o n depending on the hyg ien i c o r u n s a n i -
t a r y a r r a n g e m e n t s of t h e k i l l i n g and p r o c e s s i n g e s t a b l i s h m e n t s . E l e v e n 
y e a r s e l a p s e d b e f o r e a n o t h e r r e p o r t w a s i s s u e d on t h e S a l m o n e l l a c o n t a m i -
n a t i o n of egg p r o d u c t s in g e n e r a l [24]. 

T h e 1961 f i g u r e s f o r s a l m o n e l l a e in m e a t , e g g s and coconu t a r e g i v e n 
in T a b l e I [25] and a s u m m a r y of pub l i shed da ta on f eed ing m e a l s in Tab l e II 
[ 2 6 ] . 

MANUFACTURING P R A C T I C E S FOR MEAT AND B O N E MEALS 

M e a t , m e a t - a n d - b o n e m e a l s and bone m e a l s a r e def ined in the fol lowing 
r e p o r t s : " F e r t i l i z e r and F e e d i n g S tu f f s R e g u l a t i o n s of 1960, No . 1165" and 
" T h e D i s e a s e s of A n i m a l s ( B o i l i n g of A n i m a l F o o d s t u f f s ) , O r d e r of 1957, 
4 o : ' l l 7 5 . d a t e d M a y 2nd, 1 9 4 7 . " 



TABLE I 

C O N T A M I N A T I O N O F I M P O R T E D F O O D S T U F F S WITH S A L M O N E L L A E 
wi th p a r t i c u l a r r e f e r e n c e t o S . p a r a t y p h i B , S . t y p h i - m u r i u m and S. t h o m p s o n 

(1961) 

Food 
N0. . 

To ta l 
S. paratyphi В S. t yph i -mur ium S. thompson 

Food 
examined 

No. 
posit ive 

% 
No. °!o No. % No. % 

Egg 

Frozen whole 1042 165 15. 8 8 4 . 8 35 2 1 . 2 24 1 4 . 5 

Dried whole 898 107 11 .9 10 9. 3 1 0 . 9 17 15. 9 

Dried yolk 57 3 5 . 3 0 0 0 

Frozen white 675 41 , 6 . 1 0 13 31 .7 

Dried white 

Flake 536 68 12 .7 3 4 . 4 22 3 2 . 3 2 2. 9 

Powder 214 ' 18 8 . 4 0 2 11. 1 

Mear ( f rozen and boneless) 

Horsemeat for an ima l 
f eed ing 

769 454 5 7 . 0 5 1. 1 3 0 . 7 

For h u m a n consumption 795 41 5. 1 15 36 .6 

Coconut 683 28 4. 1 6 2 1 . 4 2 7 . 1 

GO 
-J 
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TABLE II 

S A L M O N E L L A E F R O M ANIMAL F E E D I N G S T U F F S 

Specimens Salmonellae 

Description Number No. <7„ 

Ingredients 

Meat-and-bone meal 32 11 34.4 
Bone meal 8 1 12.5 
Fish meal 13 0 -

Vegetable products 77 5 6 . 5 

Total 130 17 13.1 

Finished feeds 

Meals, mashes e tc . 67 6 9.0 
Pellets, foods 296 S 1.7 

Total 363. . 11 3.0 

Grand total 493 28 5 .7 

M e t h o d s of p r e p a r a t i o n 

T h o s e in u s e in t h e Un i t ed K i n g d o m g e n e r a l l y c o n s i s t in d r y r e n d e r i n g 
in a s t e a m - j a c k e t e d p a n , w i th o r wi thout p r e s s u r e , and s o l v e n t e x t r a c t i o n 
o r a c o m b i n a t i o n of t h e s e t w o . 
(a) D r y - r e n d e r i n g , o r a s c o m m o n l y known in t h e Un i t ed K i n g d o m , iwel l ing 

M e a t and b o n e s a r e h e a t e d in a s t e a m - j a c k e t e d p a n f o r h a t 120°C \ 
w i t h a g i t a t i o n . A f t e r cook ing , t h e m a s s i s c e n t r i f u g e d and p r e s s e d , and t h e 
m o i s t u r e and f a t a r e r e d u c e d , t h e f a t t o 15% o i l o r g r e a s e . At t h i s s t a g e 
t h e m a t e r i a l i s known a s " g r e a v e s " and m a y be g r o u n d a n d / o r k i b b l e d and 
sold f o r p o u l t r y o r dog and cat food. It i s n o r m a l l y packed in bags , but s o m e 
t r a n s p o r t a t i o n t a k e s p l ace l o o s e . 
(b) P o s t - d r y - r e n d e r i n g o r iwell ing 

T h e r e i s o f t e n a s e c o n d p r o c e s s of s o l v e n t e x t r a c t i o n wi th b e n z e n e o r 
t r i c h l o r e t h y l e n e f o r 24 h a t 105° С (221°F) ; t h i s m e a l h a s a 4% oil o r g r e a s e 
l e v e l . In s o m e p l a n t s (a) and (b) p r o c e e d a s a c o n t i n u o u s p r o c e s s . T h e r e 
a r e a p p r o x i m a t e l y t w e l v e s o l v e n t p l a n t s in o p e r a t i o n , p r o d u c i n g t w o - t h i r d s 
of t h e m e a l . A f t e r e x t r a c t i o n , t h e m e a l i s f r e e f r o m s a l m o n e l l a e , but a s 
with any o t h e r c o m m o d i t y it can be r e c o n t a m i n a t e d ; the u s e of s ea l ed p a p e r 
b a g s i n s t e a d of h e s s i a n i s a f a v o u r a b l e f a c t o r in p r e v e n t i n g r e c o n t a m i n a t i o n . 

O t h e r p r o c e s s e s i n c l u d e t h e f o l l o w i n g : (1) t h e ^ d e g e l a t i n i z i n g of bone^. 
d u r i n g w h i c h p r o c e s s t h e n i t r o g e n o u s c o m p o n e n t s a r e r e m o v e d b y s t e a m 
p r e s s u r e t o f o r m g l u e . T h e r e s u l t i n g p r o d u c t i s s t e r i l i z e d f e e d i n g b o n e 
f l o u r . (2) T h e t r e a t m e n t of d e g r e a s e d bone by h y d r o c h l o r i c ac id t o p r o d u c e 
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" o s s e i n " , w h i c h i s a p r e c u r s o r of g e l a t i n . , T h i s p r o d u c t i s d e s c r i b e d a s 
d i c a l c i u m p h o s p h a t e o r p r e c i p i t a t e d b o n e p h o s p h a t e , a n d i t c o n t a i n s 40% 
p h o s p h o r o u s and no n i t r o g e n . Both t h e s e p r o d u c t s a r e u s e d a s m i n e r a l s u p -
p l e m e n t s . ¡ 

M e a t - a n d ^ b o a e m e a l c o n t a i n s 40% to 55% p r o t e i n ; above 55% the p r o d u c t 
i s d e s c r i b e d a s a m e a t m e a l . T h e p h p s p h o r i c ac id v a r i e s f r o m 20% t o 10%. 
S t e r i l i z e d f e e d i n g bone flour i s so ld wi th an a n a l y s i s of 5% p r o t e i n and 30% 
p h o s p h o r o u s p e n t o x i d e . Bone m e a l with l e s s than 40% p r o t e i n down to , s a y , 
30% p r o t e i n i s not e x t e n s i v e l y u s e d f o r p o u l t r y o r a n i m a l f e e d i n g ; t h e p h o s -
p h o r o u s p e n t o x i d e of t h i s g r a d e would be a p p r o x i m a t e l y 25%. 

R a w m a t e r i a l s c o m e f r o m b u t c h e r s ' s h o p s , a b a t t o i r s , f ood f a c t o r i e s , 
k n a c k e r s ' y a r d s , h a t c h e r i e s and s o on . A l t h o u g h t h e i m p o r t a t i o n i n t o t h e 
U n i t e d K i n g d o m of r a w m e a t a n d r a w b o n e s f o r a n i m a l f o o d f o r E u r o p e i s 
p r o h i b i t e d e x c e p t u n d e r t h e T a y L a n d i n g L i c e n c e i s s u e d by t h e M i n i s t r y of 
A g r i c u l t u r e , F i s h e r i e s and F o o d , n e v e r t h e l e s s h o r s e m e a t f o r p e t food i s 
i m p o r t e d u n d e r l a w s r e l a t i n g to food f o r h u m a n c o n s u m p t i o n . B o n e s , h o w -
e v e r , can be i m p o r t e d f r o m al l o t h e r c o u n t r i e s , inc luding T u r k e y , M a r o c c o , 
I n d i a , P a k i s t a n and A r g e n t i n a . C r u s h e d Ind ian bone h a s been d e s c r i b e d a s a 
p r o l i f i c s o u r c e of s a l m o n e l l a e [27]. Wi th t h e i n c r e a s i n g a w a r e n e s s of 
S a l m o n e l l a c o n t a m i n a t i o n , i m p r o v e m e n t s a r e b e i n g m a d e i n t h e i n d u s t r y , 
and t h i s w i l l u n d o u b t e d l y c o n t i n u e . 

In N o r t h e r n I r e l a n d t h e c o o k i n g t i m e f o r p r o d u c t s i n t e n d e d f o r m e a l s 
i s s a id t o b e 115. 6°C ( 2 4 0 ° F ) f o r l | h, t h e t i m e depending on the f a t con ten t 
of t h e m a t e r i a l p r o c e s s e d . T h e m a t e r i a l i s s h o v e l l e d f r o m t h e c o o k e r t o 
t h e p r e s s , wh ich e x t r a c t s t h e f a t s . At t h i s s t a g e t h e m a t e r i a l i s t oo hot t o 
t o u c h , but i t i s coo l by t h e t i m e it p a s s e s t h r o u g h ; t h e p r e s s and i s b a g g e d 
in t h e f o r m of c a k e s . 

In t h e Un i t ed S t a t e s v i r t u a l l y a l l a n i m a l b y - p r o d u c t s i n t ended f o r f e e d s 
a r e t r e a t e d by a s o - c a l l e d d r y - r e n d e r i n g p r o c e s s . T h i s e n t a i l s t h e u s e of 
l a r g e s t e a m - j a c k e t e d v e s s e l s , in w h i c h t h e g r o u n d - u p m a t e r i a l i s p l a c e d , 
a p p r o x i m a t e l y 60 l b s t e a m p r e s s u r e i s u t i l i z e d in t h e j a c k e t , and t h e m a -
t e r i a l i s ag i t a t ed and vented a s it i s being h e a t e d . The m a s s i s hea ted to the 
b o i l i n g po in t and, m a i n t a i n e d at t h i s t e m p e r a t u r e a s l o n g a s m o i s t u r e r e -
m a i n s . U l t i m a t e l y , t h é t e m p e r a t u r e r i s e s to 112. 8 - 1 1 5 . 6°C ( 2 3 5 - 2 4 0 ° F ) ; 
w h i c h i s c o n s i d e r e d t o be the end po in t , t h e p r i m a r y p u r p o s e be ing t o d r i v e 
off t h e m o i s t u r e and r u p t u r e t h e f a t c e l l s . T h e r e n d e r e d m a t e r i a l i s t h e n 
d u m p e d and conveyed t o p r e s s e s f o r the s e p a r a t i o n of fat and o t h e r p r o d u c t s ; 
t h e r e a r e s a i d t o b e m a n y m o d i f i c a t i o n s f o r t r e a t i n g t h e r e n d e r e d m a t e r i a l . 
T h e r e i s a t e n d e n c y , f o r e c o n o m i c r e a s o n s , t o w a r d bulk s h i p m e n t of b o t h 
r e n d e r e d a n i m a l b y - p r o d u c t s and t h e m i x e d f e e d s ; t h i s p r o c e d u r e a f f o r d á 
o p p o r t u n i t i e s f o r r e - c o r i t a m i n a t i o n . T h e p r e v e n t i o n of c o n t a m i n a t i o n in t h e 
r e n d e r i n g p l an t m a y be spo i l ed by s u b s e q u e n t r e c o n t a m i n a t i o n in t r a n s i t o r 
e l s e w h e r e . 

It s e e m s tha t m o s t of t he p r e s e n t m e t h o d s u s e d f o r t h e ¿ m a n u f a c t u r e of 
f e e d i n g m e a l s i n c l u d e a cooking p r o c e s s which t h e o r e t i c a l l y ' s h o u l d k i l l s a l -
m o n e l l a e ; but even if t h i s w e r e so , the oppor tun i ty f o r r e c o n t a m i n a t i o n f r o m 
r a w t o f i n i s h e d p r o d u c t s f r e q u e n t l y o c c u r s b e c a u s e of t h o u g h t l e s s n e s s in 
t h e d e s i g n of f a c t o r y p lan t , m o v e m e n t s of w o r k e r s and equ ipment and f a i l u r e 
to r e a l i z e the . weak p o i n t s in the s y s t e m . 
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S o m e t i m e s t h e h e a t i n g i s i n s u f f i c i e n t f o r s t e r i l i z a t i o n p u r p o s e s , o r t he 
p e n e t r a t i o n of hea t in to t h e c e n t r e of a m a s s of m e a t in a l a r g e c o o k e r m a y 
b e i n e f f i c i e n t , p a r t i c u l a r l y w h e n t h e r e i s a b u i l d - u p of m a t e r i a l f r o m i n -
f r e q u e n t c l e a n i n g . Subsequen t d r y i n g p r o c e s s e s m a y r e d u c e t h e count , but 
t h e y wi l l not e l i m i n a t e a l l s a l m o n e l l a e . F u r t h e r m o r e , with p o wd e red p r o d -
u c t s , a i r b o r n e p a r t i c l e s con ta in ing s a l m o n e l l a e could be s c a t t e r e d a l l o v e r 
t h e f a c t o r y . T h e f l o o r and a l s o t h e m a t e r i a l s s p i l l e d o r s t o r e d on t h e floor 
a r e l i k e l y t o be c o n t a m i n a t e d . An i n v e s t i g a t i o n in t h e Un i t ed K i n g d o m [18] 
showed fha t 12% of s a m p l e s of cooked c o m p r e s s e d pe t food w e r e s t i l l p o s i -
t i v e f o r s a l m o n ' e l l a e a f t e r r a w m e a t , i n c l u d i n g k n a c k e r s ' m e a t , ' a b a t t o i r 
s c r a p s and i m p o r t e d f r o z e n h o r s e m e a t , had been cooked by boiling f o r about 
45 m i n . 

It s e e m s l i k e l y , t h e r e f o r e , tha t i n s u f f i c i e n t a t t e n t i o n h a s been g iven to 
e n s u r i n g (a) t ha t m a n u f a c t u r i n g p r o c e d u r e s a d e q u a t e l y d e s t r o y s a l m o n e l l a e 
o r (b) t h a t r e c o n t a m i n a t i o n of t h e f i n i s h e d p r o d u c t d o e s not o c c u r . 

P e l l e t s , c u b e s and c a k e s 

I n f o r m a t i o n f r o m b o t h S w e d e n and t h e U n i t e d K i n g d o m i n d i c a t e s t h a t 
the hea t t r e a t m e n t u s e d f o r p roduc ing p e l l e t s k i l l s m o s t if not a l l s a lmone l l ae 
in m e a l s [26, 28] . A l s o , p e l l e t s a r e s a i d t o b e n u t r i t i o n a l l y e q u i v a l e n t t o 
m e a l and l e s s s u b j e c t t o ox ida t ive c h a n g e s . T h e fo l lowing me thod of m a n u -
f a c t u r e i s u s e d in t h e U n i t e d Kingdom: A u n i f o r m f low of compound f eed ing 
m e a l p a s s e s i n to t h e m i x i n g c h a m b e r , w h e r e it i s s t e a m - h e a t e d , at a 
t e m p e r a t u r e w h i c h v a r i e s b e t w e e n 5 1 . 7 ° C and 71. 1°C ( 1 2 5 ° F and 1 6 0 ° F ) 
f o r 5 t o 15 m i n a c c o r d i n g to t h e type of r a t i o n and t h e t h roughpu t of the m a -
ch ine . Spec ia l ly c o n s t r u c t e d w o r m b l a d e s moun ted on a shaf t t h row the m a -
t e r i a l b a c k w a r d s and f o r w a r d s and k e e p it s u s p e n d e d in t h e c h a m b e r . An 
a d j u s t a b l e d i s c h a r g e g a t e c o n t r o l s d e l i v e r y f r o m t h e m i x e r to the p e l l e t i n g 
s e c t i o n . T h e s t e a m e d m a s h p a s s e s f r o m t h e m i x e r t h r o u g h a spout t o t h e 
c e n t r e of a r e v o l v i n g d ie , w h e r e heat i s g e n e r a t e d by e x t r u s i o n of the m a s h 
t h r o u g h t h e d i e . A t e m p e r a t u r e of 65°C t o 82. 2°C ( 1 5 0 ° F to 1 8 0 ° F ) f o r 3 
t o 4 s i s a t t a i n e d , v a r y i n g wi th t h e q u a l i t y of t h e g r i s t and t h e s t a t e of t h e 
d i e . T h e p e l l e t s a r e cooled in an a u t o m a t i c c o o l e r which d r a w s a i r t h r o u g h 
the m a s s of t he m a t e r i a l . The cooling t i m e to ambien t t e m p e r a t u r e s i s about 
10 m i n ( S u t c l i f f e , p e r s o n a l c o m m u n i c a t i o n ) . A f i g u r e of 0 . 3 % p e r 1000 
s a m p l e s h a s b e e n g i v e n f o r t h e l e v e l of S a l m o n e l l a c o n t a m i n a t i o n . 

S w e d i s h w o r k e r s (SWÁHN and R U T Q U I S T [28]) i n v e s t i g a t e d l u c e r n e 
f l o u r f r o m which s a l m o n e l l a e had been i so l a t ed f r o m 10 of 28 (36%) s a m p l e s . 
D r y s t e r i l i z a t i o n w a s c o n s i d e r e d too h a r m f u l f o r t h e p r o d u c t , but a f t e r 
w a r m - p e l l e t i n g wi th a s t e a m p r e s s u r e of 1. 8 kg and a t e m p e r a t u r e of 90°C 
(194°F) f o r 6 to 8 m i n p l u s the t i m e taken to cool , in a l l 20 to 25 min , 1 only 
of 37 s a m p l e s f r o m t h e p r e h e a t e r w a s p o s i t i v e f o r S a l m o n e l l a and n o n e of 
229 s a m p l e s of p e l l e t s . T h e m e a l should be r e i n f o r c e d wi th v i t a m i n A b e -
f o r e hea t t r e a t m e n t . P e l l e t i n g m a y be c a r r i e d out a t m u c h l o w e r t e m p e r a -
t u r e s s u c h a s 50°C t o 60°C ( 1 2 2 ° F to 140°F) f o r a s h o r t t i m e only t o avo id 
t h e d e s t r u c t i o n of v i t a m i n A, but it i s u n c e r t a i n if a l l t he f e e d r e a c h e s even 
t h i s t e m p e r a t u r e . T h e p r o c e d u r e i s c a l l e d " c o l d - p e l i e t i n g " , and it i s not 
e f f e c t i v e f o r t h e d e s t r u c t i o n of s a l m o n e l l a e , w h i c h h a v e b e e n i s o l a t e d on 
s e v e r a l o c c a s i o n s f r o m co ld -pe l l e t ed s a m p l e s , a l though it i s thought pos s ib l e 
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t h a t t h e f r e q u e n c y of s a l m o n e l l a e in p e l l e t s m a d e by t h e c o l d p r o c e s s i s 
s o m e w h a t l o w e r t h a n in f e e d w h i c h h a s not b e e n p e l l e t e d ( R u t q u i s t , p e r sonad 
c o m m u n i c a t i o n ) . 

T h e c h a n c e s of r e c o n t a m i n a t i o n a f t e r p e l l e t i n g a r e n a t u r a l l y g r e a t , and 
m u c h d e p e n d s on t h e c o n d i t i o n s u n d e r w h i c h t h e p e l l e t i n g p r o c e s s and t h e 
c o o l i n g of t h e p e l l e t s t a k e s p l a c e . T h e a i r of t h e s e l o c a l i t i e s m a y b e d u s t y , 
t h e dus t o r i g ina t i ng f r o m c o n t a m i n a t e d r a w m a t e r i a l s such a s oi l , f eed , bone 
o r f i s h m e a l , so t ha t s u r f a c e in fec t ion of the p e l l e t s can e a s i l y o c c u r . T h e r e -
f o r e , i t i s i m p e r a t i v e t h a t p r o c e s s e s f o r t h e e l i m i n a t i o n of s a l m o n e l l a e i n 
f e e d shou ld b e e s t a b l i s h e d , in t h e f i r s t p l a c e , in p l a n t s p r o d u c i n g r a w m a -
t e r i a l such a s o i l , f e e d , m e a t , bone and f i s h m e a l s . RUTQUIST and WAX-
B E R G [29] d i s c u s s b a s i c p r i n c i p l e s t o b e o b s e r v e d by f a c t o r i e s t o p r e v e n t 
c o n t a m i n a t i o n of t h e f i n i s h e d p r o d u c t s . 

O t h e r p o s t - p r o c e s s i n g h e a t t r e a t m e n t s 

In s o m e c o u n t r i e s i m p o r t e d f e e d i n g m e a l s a r e s t e a m - t r e a t e d b e f o r e 
d i s t r i b u t i o n ; f o r e x a m p l e , t h e D a n i s h M i n i s t r y of A g r i c u l t u r e r e q u i r e s a l l 
i m p o r t e d b o n e m e a l , m e a t m e a l and b lood m e a l , a s w e l l a s a l l o t h e r i m -
p o r t e d f e e d i n g m a t e r i a l s c o n t a i n i n g t h e s e k i n d s of m e a l , t o b e s t e r i l i z e d b e -
f o r e r e l e a s e . S t e a m i s blown in to the m e a l , which i s kept u n d e r m e c h a n i c a l 
a g i t a t i o n , in a r e t o r t which m a y be u s e d o n e - f i f t h fu l l only (800 kg p e r 4000 1 
c a p a c i t y ) . T h e t e m p e r a t u r e in t h e r e t o r t i s r a i s e d t o 125°C ( 2 5 7 ° F ) in 15 
m i n and m a i n t a i n e d at t h i s t e m p e r a t u r e f o r at l e a s t 45 m i n . M U L L E R (1952) 
[30] r e p o r t e d t h a t m e a t and b o n e m e a l i m p o r t e d i n to D e n m a r k wi th a c e r -
t i f i c a t e s t a t ing tha t it h a d b e e n h e a t e d f o r at l e a s t 1 h at 115°C to 135°C (239°F 
t o 2 7 5 ° F ) ( m o i s t h e a t ) o r at l e a s t 3 h a t 140°C ( 2 8 4 ° F ) ( d r y h e a t ) and w a s 
f r e e f r o m p a t h o g e n i c o r g a n i s m s h a d , i n f a c t , b e e n f o u n d p o s i t i v e f o r 
E r y s i p e l o t h r i x a n d s a l m o n e l l a e . 

N i v e n ( p e r s o n a l c o m m u n i c a t i o n ) r e p o r t s an i n v e s t i g a t i o n in to t h é t h e r -
m a l t o l e r a n c e of S a l m o n e l l a s e r o t y p e s in d r i e d , r e n d e r e d a n i m a l b y - p r o d u c t s 
w i t h a v i ew t o p o s t - p r o c e s s i n g t r e a t m e n t . D r i e d m e a t and bone m e a l w e r e 
i nocu la t ed with 10 0 0 0 / g of the h e a t - r e s i s t a n t s t r a i n of Sa lmone l l a s e n f t e n b e r g 
775 W; a f t e r h e a t i n g t o 68. 3°C ( 1 5 5 ° F ) f o r 15 m i n t h e o r g a n i s m cou ld no t 
b e d e t e c t e d . H o w e v e r , s u b s e q u e n t w o r k on n a t u r a l l y c o n t a m i n a t e d m e a l s 
w a s d i s a p p o i n t i n g . S. b r e d e n e y and S. d e r b y a t a l eve l of 1 / g s u r v i v e d 76.7^C 
( 1 7 0 ° F ) f o r 15 m i n bu t c o u l d no t b e f o u n d a f t e r h e a t i n g a t 82 . 2°C ( 1 8 0 ° F ) 
f o r 15 m i n . F e a t h e r m e a l n a t u r a l l y c o n t a m i n a t e d with 0. 5 / g of S .montev ideo 
r e q u i r e d h e a t i n g a t 82. 2°C ( 1 8 0 ° F ) f o r 15 m i n b e f o r e t h e o r g a n i s m could no 
l o n g e r b e d e t e c t e d . It w a s conc luded tha t d e c o n t a m i n a t i o n by p o s t - p r o c e s s i n g 
h e a t t r e a t m e n t w a s e c o n o m i c a l l y i m p r a c t i c a b l e in the Un i t ed S t a t e s but t h a t 
t h e p r e v e n t i o n of r e c o n t a m i n a t i o n a f t e r p r o c e s s i n g w a s f e a s i b l e and a l r e a d y 
b e i n g p r a c t i s e d s u c c e s s f u l l y in s o m e r e n d e r i n g p l a n t s . 

In a r e p o r t , " S t u d i e s on t h e c o n t r o l of S a l m o n e l l a c o n t a m i n a t i o n i n 
r e n d e r e d a n i m a l b y - p r o d u c t s " , HANSEN et a l . ( 1 9 6 2 ) [31] d e s c r i b e v i s i t s 
to s e v e r a l p l a n t s w h e r e s a m p l e s w e r e c o l l e c t e d f o r examina t i on . Two p l a n t s 
w e r e excep t iona l ly c l ean with good s a n i t a r y cond i t ions , and a l l s a m p l e s w e r e 
f r e e f r o m s a l m o n e l l a e . S a m p l e s f r o m a t h i r d p l a n t g a v e p o s i t i v e r e s u l t s 
f r o m m e a l s p i l l e d on t h e f l o o r on ly , i n d i c a t i n g tha t t he f l o o r w a s c o n t a m i -
n a t e d . A f o u r t h p l a n t w a s old, and it g a v e s o m e p o s i t i v e s a m p l e s f r o m t w o 



42 B.C. HOBBS 

v i s i t s and a l l p o s i t i v e s a m p l e s c o l l e c t e d on a t h i r d v i s i t . S a l m o n e l l a e w e r e 
f o u n d in s w e e p i n g s f r o m f l o o r , w a l l s and o v e r h e a d b e a m s w h e r e d u s t had 
c o l l e c t e d ; t he dus t could b e d i s lodged and m i x wi th t h e f i n i s h e d m e a l s . Mos t 
s a m p l e s f r o m a f i f t h p l a n t w e r e p o s i t i v e , p a r t i c u l a r l y s a m p l e s f r o m f l o o r 
s p i l l a g e ; 1 1 0 / g s a l m o n e l l a e w e r e found in o n e s a m p l e . D u s t y m e a l f r o m 
t h e f l o o r c o n t a m i n a t e d t h e f i n i s h e d p r o d u c t , a n d m e a l s f r o m o t h e r p l a n t s 
w e r e d u m p e d on t h e f l o o r b e f o r e s t o r a g e in b i n s . I n s e c t s and r o d e n t s a s 
w e l l a s a i r b o r n e p a r t i c l e s p l a y e d a p a r t in s p r e a d i n g c o n t a m i n a t i o n . P r o -
longed s t o r a g e of m e a l s led t o a h i g h e r c o n t a m i n a t i o n r a t e i nd ica t ive of c o n -
t a m i n a t i o n f r o m the e n v i r o n m e n t . In the s ix th plant dus ty m e a l s f r o m o v e r -
h e a d b e a m s and m a t e r i a l f r o m t h e f l o o r w e r e p o s i t i v e . 

T h e s o u r c e s of t h e s a l m o n e l l a e w e r e t h o u g h t t o b e t h e r a w m a t e r i a l s , 
i n s e c t s , b i r d s a n d r o d e n t s ; a n d , o n c e i n t r o d u c e d , t h e s a l m o n e l l a e c o u l d 
s p r e a d and p r o b a b l y m u l t i p l y in wet p a t c h e s , f o r e x a m p l e , on t h e f l o o r o r , 
if t h e a i r b e c a m e h u m i d , in m o i s t m e a l on b e a m s . 

T h e c o n c l u s i o n s and r e c o m m e n d a t i o n s f r o m t h e s e s t u d i e s w e r e a s f o l -
l o w s : " S a l m o n e l l a e a r e p r e s e n t in r e l a t i v e l y h igh n u m b e r s in t h e e n v i r o n -
m e n t of s o m e r e n d e r i n g p l a n t s . T h e y h a v e b e e n found on f l o o r s , o r o v e r -
h e a d b e a m s w h e r e sp i l l ed m e a l and dus ty m e a l have been al lowed to a c c u m u -
l a t e f o r c o n s i d e r a b l e p e r i o d s of t i m e . It s e e m s l i k e l y t h a t t h e s e p l a c e s 
c a n s e r v e a s i m p o r t a n t f o c a l p o i n t s f r o m w h i c h s a l m o n e l l a e c a n b e s p r e a d 
t o t h e f i n i s h e d p r o d u c t . 

" i t i s t h e r e f o r e r e c o m m e n d e d tha t w h e r e v e r p o s s i b l e , t h e a c c u m u l a t e d 
m a t e r i a l on t h e s e f o c a l p o i n t s b e e l i m i n a t e d . O v e r h e a d b e a m s , f l o o r s , 
p i e c e s of m a c h i n e r y and s i m i l a r y p l a c e s shou ld be swep t o r v a c u u m c l e a n e d 
p e r i o d i c a l l y . E v e r y p o s s i b l e e f f o r t shou ld be m a d e to m i n i m i z e t h e o p p o r -
t un i t y f o r w o r k e r s o r t r u c k s t o t r a n s f e r m a t e r i a l f r o m f l o o r s o r a n y o t h e r 
p o t e n t i a l l y c o n t a m i n a t e d a r e a t o t h e f i n i s h e d p r o d u c t . 

" F i n i s h e d m e a l s shou ld n e v e r be p l a c e d on a s u r f a c e which i s u s e d a l s o 
a s a p a s s a g e way f o r m a n o r v e h i c l e s " . 

I t w a s a l s o s t r e s s e d tha t t he oppor tun i ty f o r s a l m o n e l l a e p r e s e n t in r a w 
m a t e r i a l s to r e a c h p a r t of t he plant w h e r e f in i shed m e a l s w e r e handled should 
be r e d u c e d , and t o do t h i s " n o n - h a n d l i n g " e q u i p m e n t w a s r e q u i r e d in a r e a s 
w h e r e bo th f i n i s h e d p r o d u c t s and r a w m a t e r i a l s w e r e hand led u n l e s s e q u i p -
m e n t w a s tho roug ly c l e a n e d and san i t i zed a f t e r handl ing of the r a w m a t e r i a l s . 
" W o r k e r s s h o u l d not b e a l l o w e d t o c r o s s f r o m one a r e a t o a n o t h e r wi thout 
chang ing o r c l ean ing t h e i r b o o t s . I n s e c t s , b i r d s and r o d e n t s should be e l i m -
i n a t e d . " It w a s r e c o g n i z e d t h a t s u c h m e a s u r e s w o u l d b e c o s t l y , bu t i t 
w a s thought tha t they would be l e s s cos t ly than p r o c e d u r e s to r e h e a t the 
f i n i s h e d m e a l s . 

MANUFACTURING P R O C E S S E S FOR FISH MEAL 

F i s h m e a l i s p r o d u c e d f r o m h e r r i n g and o t h e r o i l y f i s h e s b y t h e e x -
t r a c t i o n of o i l , f r o m t h e r e m a i n s of f i l l e t i ng n o n - o i l y f i s h (whi te f i s h m e a l ) 
and f r o m s u n - d r i e d f i s h ( A n g o l a ) . It i s i n c o r p o r a t e d i n to c o m p o u n d f e e d s 
f o r v a r i o u s a n i m a l s , u s u a l l y in a m o u n t s f r o m 2. 5 t o 10% of t h e t o t a l i n -
g r e d i e n t s . T h e d i s t r i b u t i o n of t h e q u a n t i t i e s u s e d in t h e U n i t e d K i n g d o m 
i s a p p r o x i m a t e l y 48% f o r p o u l t r y , 35% f o r c a t t l e and 17% f o r p ig s . P r o d u c e r 
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s a m p l e s e x a m i n e d in t h e U n i t e d K i n g d o m in 1955 s h o w e d t h a t t h e A n g o l a 
d r i e d f i s h m e a l w a s h i g h l y c o n t a m i n a t e d wi th s a l m o n e l l a e t o t h e e x t e n t of 
m o r e t h a n 90% of t h e s m a l l n u m b e r of s a m p l e s e x a m i n e d . 

T h e S a l m o n e l l a c o n t a m i n a t i o n of o t h e r t y p e s of f i s h m e a l v a r i e d f r o m 
3 t o 8%, and it w a s though t tha t m o s t of t h i s r e s u l t e d f r o m p o s t - p r o c e s s i n g 
c o n t a m i n a t i o n . F r o m 1 9 5 7 - 1 9 5 9 , 47 of 315 ( 1 4 . 9 % ) of a l l s a m p l e s w e r e 
f o u n d t o b e p o s i t i v e f o r s a l m o n e l l a e ( R e p o r t , 1959 [32]); f r o m 1 9 5 9 - 1 9 6 1 , 
17 of 439 (3 .9%) w e r e r e p o r t e d to be p o s i t i v e [26]; and in 1961-1962, McCoy 
( p e r s o n a l c o m m u n i c a t i o n ) found 4 of 70 (5 .7%) of p o s i t i v e s a m p l e s . 

L i t t l e o r no A n g o l a f i s h m e a l a p p e a r s on t h e U n i t e d K i n g d o m m a r k e t 
a t t h e p r e s e n t t i m e a l t hough p r e s u m a b l y it i s be ing u s e d in o t h e r c o u n t r i e s 
and m a y f ind i t s way t o t h e Un i t ed K i n g d o m b l e n d e d wi th o t h e r i n g r e d i e n t s . 

T h e b a c t e r i o l o g i c a l condi t ion of f i sh m e a l i m p o r t e d into the Uni ted King-
d o m f r o m P e r u s h o w s a b ig i m p r o v e m e n t s i n c e 1957, w h e n t o t a l b a c t e r i a l 
c o u n t s w e r e in t h e m i l l i o n s p e r g r a m ; r e c e n t r e s u l t s show tha t 90% of 
s a m p l e s h a v e coun t s l e s s than 100 0 0 0 / g and 70% of s a m p l e s l e s s than 5000/g, 
a n d s a l m o n e l l a e a r e r a r e l y f o u n d . T h e r e a s o n s f o r t h e i m p r o v e m e n t a r e 
l i s t e d a s f o l l o w s : t h e u s e of n e w b a g s , w h i c h a r e c l o s e d i m m e d i a t e l y t h e 
m a t e r i a l i s out of t hé p l an t , c l ean w a t e r , i n c r e a s e d t e m p e r a t u r e of p r o c e s s -
ing , d r y i n g a t a h i g h e r t e m p e r a t u r e of 80°C ( 1 7 6 ° F ) , and m a n y s m a l l e r 
f a c t o r i e s c l o s e d and t h e r e d u c e d n u m b e r s of o w n e r s e n a b l e d to m a k e m o r e 
p r o f i t and spend m o r e on i m p r o v e m e n t s t o t h e f a c t o r i e s . 

N e w s f r o m e l s e w h e r e i s a l s o e n c o u r a g i n g . In s o m e South A f r i c a n f a c -
t o r i e s ( W i e c h e r s , p e r s o n a l c o m m u n i c a t i o n ) , who le f i s h , m o s t l y m a c k e r e l , 
w e r e f l u s h e d f r o m t h e ho ld of t h e sh ip t o the c o o k e r w h e r e they w e r e h e a t e d 
at 98. 9°C t o 100°C ( 2 1 0 ° F t o 212°F) f o r 20 m i n . The cooked f i s h p r o c e e d e d 
to t h e p r e s s , and it w a s he ld at a t e m p e r a t u r e g r e a t e r t h a n 93. 3°C ( 2 0 0 ° F ) 
f o r 1 0 - 1 5 m i n . T h e p r e s s l i q u o r w a s e v a p o r a t e d in a 4 - 5 s t a g e p r o c e s s , 
d u r i n g w h i c h t i m e a t e m p e r a t u r e g r e a t e r t h a n 2 0 0 ° F w a s r e a c h e d . T h e 
p r e s s e d c a k e w a s b r o k e n up and the c o n c e n t r a t e d e v a p o r a t e d l i q u o r s p r a y e d 
on to it b e f o r e d e h y d r a t i o n . A s a p r o p o r t i o n of t h e p i l c h a r d c a t c h w a s u s e d 
f o r c a n n i n g , t h e w a s t e h e a d s and t a i l s w e r e r e t u r n e d t o t h e f i s h - m e a l f a c -
t o r y f o r c o n v e r s i o n to m e a l . When s a l m o n e l l a e w e r e found in t h e e a r l y 
s t a g e s of p r o d u c t i o n , p a r t i c u l a r l y w h e n t h e p l an t w a s f i r s t s t a r t e d up , t h e 
c o n t a m i n a t e d m e a l w a s r e t u r n e d to the c o o k e r f o r r e p r o c e s s i n g ; a s a d i r e c t 
r e s u l t t h e S a l m o n e l l a s i t u a t i o n i m p r o v e d . T h e p l a n t s r u n c o n t i n u o u s l y f o r 
a w e e k , and of s i x f a c t o r i e s two t o t h r e e w e r e i n v e s t i g a t e d at a t i m e . , 

T h e fo l lowing s a m p l i n g t e c h n i q u e w a s s u g g e s t e d f o r t he e x a m i n a t i o n of 
b a t c h e s of f i s h m e a l r e q u i r e d f r e e f r o m s a l m o n e l l a e f o r e x p o r t t o o t h e r 
c o u n t r i e s : 

F o r q u a n t i t i e s of 50 t o n s t h e s a c k s should be divided up into s ix b a t c h e s 
of 300 t o 400 and f i v e s a c k s e x a m i n e d f r o m e a c h b a t c h ; f r o m e a c h of t h e 
f i v e s a c k s 20 g should b e t aken and bulked to 100 g so tha t in a l l t h e r e should 
be 600 g f o r e x a m i n a t i o n . F o u r l o t s of 150 g of m e a l shou ld b e d i s t r i b u t e d 
in to two 600 m l v o l u m e s of s e l e n i t e F and b ro th f o r incubat ion and s u b c u l t u r e 
in the u s u a l way. 

When m a t e r i a l i s s a m p l e d f r o m a c o n t i n u o u s p r o c e s s , t h e i m p o r t a n c e 
of t a k i n g s a m p l e s f r o m t h e f i r s t , f i f t h and t en th bag and f r o m a n o t h e r t h r e e 
b a g s s p a c e d t h r o u g h o u t t h e day w a s s t r e s s e d . 
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R e c o m m e n d a t i o n s f o r o b t a i n i n g S a l m o n e l l a - f r e e f i s h m e a l i n c l u d e d 
(1) R e p r o c e s s i n g of t h e f i r s t ou tpu t of m e a l ; 
(2) C l e a n i n g of p l a n t ; 
(3) K e e p i n g the p r e s s e d c a k e hot , 8 0 ° C t o 9 0 ° C , dur ing b r e a k i n g up and 

un t i l d r i e d ; 
(4) M a i n t e n a n c e of t h e c o r r e c t t e m p e r a t u r e c o n t r o l of p r o c e s s e s , t h e 

t e m p e r a t u r e s t o b e w a t c h e d by an i n d e p e n d e n t o b s e r v e r ; 
(5) C h l o r i n a t i o n ( 2 - 3 p p m ) of a l l w a t e r u s e d f o r t h e p l a n t ; t h e w a t e r 

shou ld b e f r e e f r o m E s c h e r i c h i a c o l i . S e a w a t e r could be u s e d only 
if c h l o r i n a t e d in t h i s way . 

(6) M e a l s h o u l d not b e a l l o w e d on t h e f l o o r , and any s p i l l e d m a t e r i a l 
s h o u l d b e r e p r o c e s s e d ; 

(7) T h e f a c t o r y s h o u l d b e c l e a n e d p r e f e r a b l y w i t h a v a c u u m c l e a n e r 
a n d a s o l u t i o n of h y p o c h l o r i t e u s e d f o r t h e f l o o r s . 

I n f o r m a t i o n f r o m t h e U n i t e d S t a t e s w a s not so r e a s s u r i n g [33]. Many 
m i l l i o n s of m e n h a d e n f i s h , which cons t i t u t ed the Uni ted S t a t e s ' l a r g e s t c o m -
m e r c i a l c a t c h , w e r e n e t t e d e a c h y e a r f r o m m i d - s p r i n g t h r o u g h l a t e f a l l , 
a long t h e A t l a n t i c C o a s t f r o m New E n g l a n d to Key L a r g o and in p o r t i o n s of 
t he Gulf of Mex ico . T h e to ta l c a t ch amounted to o v e r 2 ООО 000 lb . A hundred 
t h o u s a n d f i s h a t a t i m e m i g h t b e p u m p e d i n to t h e ho ld of a f i s h i n g v e s s e l . 
A t t h e c o n c l u s i o n of s e v e r a l " s e t s " y i e l d i n g a s m a n y a s 500 000 f i s h , t h e 
f i s h w e r e b r o u g h t to the d o c k - s i d e p r o c e s s i n g p l an t . They w e r e d i s c h a r g e d 
i n to a s t o r a g e bin and , t h r o u g h o u t t h e n igh t , c o n t i n u o u s l y p u m p e d in to huge 
c o o k e r s . A f t e r cooking, t he oil and so l id m a t t e r w e r e s e p a r a t e d in a p r e s s . 
D o c k w a t e r w a s u s e d f o r t r a n s f e r r i n g t h e f i s h t o t h e t a n k w h i c h f i l l e d t h e 
c o o k e r h e a t i n g t h e f i s h a t 140°C ( 2 8 4 ° F ) f o r 3 m i n . 

In one s u r v e y 19 of 20 s a m p l e s f r o m t h e c o o k e r w e r e p o s i t i v e f o r s a l -
m o n e l l a e , s o m e f i s h b e i n g r a w in t h e c e n t r e a s t h e y c a m e o u t . P o s i t i v e 
s a m p l e s w e r e a l s o obta ined f r o m the c a k e , t he p r e s s l i q u o r , the d e o d o r i z e r , 
t h e m e a l a f t e r s t e a m - d r y i n g at 60°C ( 1 4 0 ° F ) , f r o m t h e s a c k e d m e a l and oil 
p o l i s h e r t o s o w e r . S a l m o n e l l a e w e r e i s o l a t e d f r o m dock w a t e r a s w e l l a s 
f r o m s w a b s f r o m t h e ho ld of t h e s h i p ; 4 of 25 s w a b s w e r e p o s i t i v e a t t h e 
s t a r t of t h e / j o u r n e y , but 25 of 35 w e r e p o s i t i v e at the end of the f i sh ing 
v o y a g e , 20 h l a t e r . 

S a l m o n e l l a e w e r e found in p o o l s of f l i e s a l s o . B a t c h e s of 5 to 10 f l i e s 
w e r e p l a c e d in t u b e s of t e t r a t h i o n a t e b ro th , and of 29 poo l s 14 w e r e pos i t i ve 
f o r s a l m o n e l l a e . F o u r s e r o t y p e s w e r e i d e n t i f i e d , a l l of w h i c h a p p e a r e d in 
t h e f i s h m e a l . No s a l m o n e l l a e w e r e found in the f r e s h l y caught f i sh s a m p l e d 
a t s e a . A l t h o u g h s a m p l i n g of t h e p r o d u c t a t v a r i o u s s t a g e s of p r o c e s s i n g 
i n d i c a t e d t h a t s a l m o n e l l a e s u r v i v e d e v e n t h e f i n a l h e a t t r e a t m e n t of d e -
h y d r a t i o n , i t s e e m e d t h a t f l i e s in h e a v y i n f e s t a t i o n s wou ld h a v e e x c e l l e n t 
o p p o r t u n i t i e s f o r s p r e a d i n g s a l m o n e l l a e o v e r m u c h of t h e m e a l w h i c h m a y 
h a v e b e e n n e g a t i v e p r e v i o u s l y . T h e r e f o r e , f l y c o n t r o l w a s c o n s i d e r e d t o 
be e s s e n t i a l in e f f o r t s to r e d u c e t h e S a l m o n e l l a c o n t a m i n a t i o n of food p r o d -
u c t s , p a r t i c u l a r l y in t h e l igh t of t h e n u m b e r of f l i e s f r o m which the o r g a n -
i s m could b e i s o l a t e d . 

F ISH F L O U R 

I n v i e w of t h e r e c e n t i n t e r e s t in f i s h f l o u r by t h e U n i t e d N a t i o n s 
C h i l d r e n ' s F u n d ( U N I C E F ) in i t s p lan to p r o v i d e u n d e r - n o u r i s h e d c o u n t r i e s 
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wi th t h i s v a l u a b l e s o u r c e of p r o t e i n , d e t a i l e d b a c t e r i o l o g i c a l e x a m i n a t i o n s 
had b e e n c a r r i e d out on t e n s a m p l e s by the C a m p b e l l Soups C o m p a n y . T h e 
r e s u l t s a r e g iven in T a b l e III . A r i s i n g out of t h e s e r e s u l t s , t e n t a t i v e s p e c i -
f i c a t i o n s w e r e p r o p o s e d by t h e F o o d and A g r i c u l t u r e O r g a n i z a t i o n of t h e 
U n i t e d N a t i o n s (FAO) f o r f i s h flour t y p e s A and B : l e s s than 10 0 0 0 / g m a x i -
m u m p l a t e count at 37°С and f r e e d o m f r o m £oagu lase^po j s i t i y . e^ tó^ Сл-л.j-
s a l m o n e l l a e , s h i g e l l a e , e n t e r o c o c c i and Clostridia. L a t e r t h e s e s p e c i f i -
c a t i o n s w e r e r e g a r d e d a s t o o ' s t r i n g e n t , and t h e f o l l o w i n g b a c t e r i o l o g i c a l 
p a t t e r n f o r p r e l i m i n a r y s p e c i f i c a t i o n s f o r f i s h - p r o t e i n c o n c e n t r a t e s c l a s s i f i e d 
a s t y p e s A and В w e r e s u g g e s t e d : t o t a l b a c t e r i a l count at 3 7 ° C , 10 0 0 0 / g 
up t o 50 0 0 0 / g , s a l m o n e l l a e a b s e n t in 50 g, c o a g u l a s e - p o s i t i v e s t a p h y l o c o c c i 
l e s s t h a n 1 0 0 / g , c o l i f o r m b a c i l l i l e s s t h a n 1 0 0 / g ; Clostridia, e n t e r o c o c c i , 
y e a s t s a n d m o u l d s w e r e not i n c l u d e d . T h e p a t t e r n w a s c o n s i d e r e d t o b e 
a d e q u a t e f o r p r e l i m i n a r y work on the d e v e l o p m e n t of s o l v e n t - e x t r a c t e d f i s h -
p ro te jn^conc e n t r â t e s ; but it w a s not dec ided whe the r t h e s e i e n t a u v e s t anda rds 
could be appl ied a l s o to the type С p r o d u c t s . 

T h e p r o p o s e d s t a n d a r d in South A f r i c a ( W i e c h e r s , p e r s o n a l c o m m u n i -
ca t i on ) a r e a s f o l l o w s : 

P l a t e c o u n t ( 3 7 ° C ) < 10 0 0 0 / g 
E n t e r o b a c t e r i a c e a e < 1 0 / g 
C l o s t r i d i u m w e l c h i i < 1 0 / g 
C o a g u l a s e - p o s i t i v e s t a p h y l o c o c c i a b s e n t in 100 g 
S a l m o n e l l a a b s e n t in 100 g 
S h i g e l l a a b s e n t in 100 g 
L a n c e f i e l d G r o u p D s t r e p t o c o c c i < 1 0 / g 

It w a s s u g g e s t e d tha t a s a m p l i n g s c h e m e f o r the b a c t e r i o l o g i c a l e x a m i -
n a t i o n of f i s h p r o t e i n c o n c e n t r a t e s should be se t up in o r d e r t o obtain a l a r g e 
numbfer of r e s u l t s so t ha t a p r a c t i c a b l e s p e c i f i c a t i o n could b e evolved . T h e 
s a m p l i n g s c h e m e w a s s i m i l a r to tha t p r e v i o u s l y d e s c r i b e d , s ix s a m p l e s p e r 
day , t h r e e d a y s d u r i n g t h e w e e k , un t i l a t o t a l of 500 s a m p l e s w a s r e a c h e d . 
E a c h s a m p l e s w o u l d a m o u n t t o 100 g , of w h i c h 60 g would b e u s e d f o r t h e 
a c t u a l t e s t ; t h e r e m a i n i n g 40 g could be u s e d f o r r e p e a t t e s t s , if n e c e s s a r y . 

If a c o n t i n u o u s p r o c e s s w e r e u s e d , two s a m p l e s should b e t a k e n in t h e 
m o r n i n g , e a r l y a f t e r n o o n and e v e n i n g . If a b a t c h p r o c e s s w e r e u s e d , a 
m i n i m u m of t w o s a m p l e s p e r b a t c h w a s r e q u i r e d u p t o a m a x i m u m of s i x 
s a m p l e s p e r d a y . T h e s a m p l e s would be t a k e n by b a c t e r i o l o g i c a l l y t r a i n e d 
p e r s o n n e l u s i n g s t e r i l e s a m p l i n g e q u i p m e n t and c o n t a i n e r s , and they should 
r e a c h t h e i n v e s t i g a t i n g l a b o r a t o r y wi th in t h e s h o r t e s t p o s s i b l e t i m e . T h e 
s c h e m e would be c a r r i e d on f o r a p e r i o d of t i m e long enough , a t l e a s t 6 t o 
7 m o n t h s , t o e n a b l e c o n t r o l of t h e s a n i t a r y c o n d i t i o n s d u r i n g a s i g n i f i c a n t 
p r o c e s s i n g p e r i o d . V a r i a t i o n s in t h e c l i m a t i c c o n d i t i o n s in t h e a r e a w h e r e 
t h e s c h e m e w a s be ing c a r r i e d out should b e c o n s i d e r e d . 

H E A T T R E A T M E N T O F , C O C O N U T 

E x p e r i e n c e wi th coconu t h a s shown tha t s t e a m i n g at 96., 1°C (205°F) f o r 
5 m i n fo l lowed by d r y i n g at 48 .9°C ( 1 2 0 ° F ) e f f e c t i v e l y e l i m i n a t e d s a l m o n e l l a e . 



TABLE III 

F I S H F L O U R 

Sample code 
Tota l p la te 

count 
Col i form 
bac i l l i 

S taphylococci 
Sa lmone l l ae , 

sh ige l lae 
Enterococci 

Anaerobic 
s poring 
bac i l l i 

Yeasts and 
moulds 

F F - Q - 2 A * 6 500 2 . 3 45 - - < 0 . 1 8 310 

FF-Q-4A 11000 , . 24 .0 20 4 . 3 -

FF-Q-5A 3 706 0 . 3 6 <10 4 . 3 -

F F - 0 - 6 A 6100 4 . 3 <10 <10 < 0 . 18 2 . 3 -

FF-Q-11A 1500 <10 2 . 3 -

F F - 0 - 3 H A 16 000 9 . 3 4 . 5 - - < 0 . 1 8 90 

F F - 0 - 7 H A 3 100 - <10 24 -

FF-Q-8HA 2 200 - <10 24 -

F F - Q - 9 H A * * 53 000 - <10 <10 < 0 . 1 8 24 -

FF-Q-10HA 900 - <10 24 -

* Q-2A produced when adjusting and starting up equ ipment and should not be considered as fish flour produced by UNICEF on a production basis 
for human consumpt ion; diverted to an imal feed . 
Hole In bag when rece ived . 
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T h e M i t c h e l l D r i e r g i v e s a 2 - h c y c l e c o n s i s t i n g of 25 m i n h e a t i n g t o 100°C 
( 2 1 2 ° F ) , m a i n t e n a n c e at t h i s t e m p e r a t u r e f o r 30 m i n wi th c o n t i n u o u s l i v e -
s t e a m i n j e c t i o n , f o l l o w e d by coo l ing f o r 1 h u n d e r c o n t r o l l e d h u m i d i t y c o n -
d i t i o n s to g ive a f ina l m o i s t u r e con ten t of 2 to 3%. Coconut could be t r e a t e d 
in t h i s way at the r a t e of 330 l b / h . O t h e r m e t h o d s a r e d e s c r i b e d in a T e c h -
n i c a l C i r c u l a r w r i t t e n by t h e T e c h n i c a l S u b - C o m m i t e e O r g a n i z a t i o n c o n -
c e r n e d wi th d e s i c c a t e d c o c o n u t [34]. P r o p e r a t t e n t i o n t o h y g i e n e in t h e 
c o u n t r y of o r i g i n h a s r e d u c e d t h e c o n t a m i n a t i o n r a t e f r o m 9 t o 10% [35] of 
s a m p l e s t o 1% o r l e s s in a p p r o x i m a t e l y 3 y r . 

P A S T E U R I Z A T I O N O F EGG P R O D U C T S 

A n o t h e r i n s t a n c e w h e r e a p p l i c a t i o n of h e a t t r e a t m e n t e l i m i n a t e s s a l -
m o n e l l a e f r o m f o o d s t u f f i s t h a t of t h e p a s t e u r i z a t i o n of l i q u i d w h o l e e g g . 
R e c e n t l y , it h a s been r e c o m m e n d e d tha t h i g h - t e m p e r a t u r e , s h o r t - t i m e t r e a t -
m e n t s h o u l d b e c a r r i e d out at 6 4 . 4 ° C ( 1 4 8 ° F ) f o r m i n , w i thou t h o m o g -
e n i z a t i o n of m i l k , i c e c r e a m and i m i t a t i o n c r e a m [36, 37] . B a k e r y t e s t s 
s h o w e d t h a t t h e p a s t e u r i z e d m a t e r i a l cou ld be u s e d s a t i s f a c t o r i l y f o r m o s t 
a r t i c l e s of c o n f e c t i o n e r y [37], and a d j u s t m e n t s t o r e c i p e s h e l p e d wi th t h e 
e x c e p t i o n s [37] . An e n z y m e t e s t w a s a d a p t e d by B R O O K S [38] t o t e s t i f y 
t o t h e e f f i c i e n c y of h e a t t r e a t m e n t . A f t e r e x p o s u r e to 148°F f o r 2 j m i n both 
с - a m y l a s e , t he e n z y m e , and the m o s t h e a t - r e s i s t a n t s t r a i n of S . s e n f t e n b e r g 
775 W w e r e d e s t r o y e d [39]. 

• P a s t e u r i z a t i o n h a s a l s o b e e n u s e d f o r l iquid egg whi te with v a r i a b l e d e -
g r e e s of s u c c e s s . In add i t i on , d r i e d egg a l b u m e n in t h e f l aked f o r m m a y be 
s u b j e c t e d to d r y hea t a t 5 4 . 4 ° C (130°F) f o r 9 t o 10 d, inc lud ing the w a r m i n g 
and coo l ing p e r i o d s [40]; t h i s t r e a t m e n t i s u sua l l y s u c c e s s f u l , but t h e r e have 
been f a i l u r e s in the p r e s e n c e of l a r g e n u m b e r s of con tamina t ing s a l m o n e l l a e . 
D r y h e a t f o r s p r a y - d r i e d a l b u m e n h a s a l s o b e e n d e s c r i b e d . In a l i m i t e d 
n u m b e r of t r i a l s t h e m e t h o d h a s not b e e n who l ly s u c c e s s f u l in t h e U n i t e d 
K i n g d o m . 

A C a n a d i a n r e g u l a t i o n p r o h i b i t s t h e s a l e of any egg p r o d u c t f o r u s e a s 
h u m a n food u n l e s s i t i s f r e e f r o m d e t e c t a b l e n u m b e r s of s a l m o n e l l a e of any 
s e r o t y p e , a c c o r d i n g t o the o f f i c i a l m e t h o d of t e s t i n g . S o m e o t h e r c o u n t r i e s 
r e q u i r e a c e r t i f i c a t e of f r e e d o m f r o m s a l m o n e l l a e t o a c c o m p a n y i m p o r t e d 
egg p r o d u c t s , bu t w i t h o u t p a s t e u r i z a t i o n s u c h c e r t i f i c a t e s a r e v a l u e l e s s . 

F U M I G A T I O N B Y E T H Y L E N E O X I D E 

E t h y l e n e oxide can be u s e d to s t e r i l i z e m e d i c a l e q u i p m e n t , p a r t i c u l a r l y 
d i s p o s a b l e a r t i c l e s m a d e of p l a s t i c [41] . It i s a l s o u s e d f o r f o o d s t u f f s a s 
a f u m i g a n t a g a i n s t p e s t s in s p i c e s , c o c o a b e a n s , s u g a r e d f r u i t and o t h e r 
c o m m o d i t i e s ; bu t i t s u s e a s a b a c t e r i c i d a l o r s p o r i c i d a l a g e n t i s of m o r e 
r e c e n t o r i g i n . C o c o n u t , s p r a y - d r i e d egg , who le egg , yo lk and w h i t e , and 
f e e d i n g s t u f f s h a v e b e e n f r e e d f r o m s a l m o n e l l a e by t r e a t m e n t wi th e t h y l e n e 
oxide , but t h e r e i s c o n c e r n about the tox ic e f f e c t s of r e s i d u a l e thylene g lyco l . 

E t h y l e n e o x i d e e x p e r i m e n t s w e r e c a r r i e d out ( L a t e g a n , u n p u b l i s h e d ) 
w i th d e s i c c a t e d c o c o n u t s t e r i l i z e d in 4 0 - g l o t s , i n o c u l a t e d w i t h an e q u a l 
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weight of w a t e r con t a in ing a t e s t o r g a n i s m such a s B a c i l l u s s u b t i l i s , E . co l i 
o r S. s e n f t e n b e r g . T h e coconu t and s u s p e n s i o n w e r e t h o r o u g h l y m i x e d and 
d r i e d . Quan t i t i e s of 5 g of the inocula ted coconut packed in g lac ine bags w e r e 
e x p o s e d t o e t h y l e n e ox ide in s m a l l b o t t l e s . T h e c o n c e n t r a t i o n of e t h y l e n e 
oxide could be v a r i e d by r e p e a t e d X6plap^roeoi_of_air_q.uantitativelv evacua ted 
A f t e r t r e a t m e n t , 25 m l of q u a r t e r - s t r e n g t h R i n g e r ' s so lu t ion w a s shaken with' 
t h e c o c o n u t and a l l o w e d t o s t a n d f o r 15 m i n b e f o r e S a l m o n e l l a c o u n t s w e r e 
m a d e by d i l u t i o n s d r o p p e d on to t h e s u r f a c e of s u i t a b l e m e d i a . T h e e x p e r i -

Q u a n t i t i e s of 50 t o 60 l b of c o c o n u t c o n t a i n i n g a t v a r i o u s d e p t h s 5 - g 
s a m p l e s of i n o c u l a t e d coconu t in g l a c i n e b a g s w e r e t r e a t e d in a c o m m e r c i a l 
s t e r i l i z e r . A g a s e o u s m i x t u r e of 90% c a r b o n m o n o x i d e and 10% e t h y l e n e 
ox ide w a s g iven at 35°C and at a m b i e n t h u m i d i t y . A f t e r e x p o s u r e , t h e g a s 
w a s r e m o v e d by e v a c u a t i o n and r e p l a c e d by s t e r i l e a i r ; c o u n t s w e r e m a d e 
in t h e u s u a l way . A s e m i - l o g a r i t h m i c , l i n e a r s u r v i v a l - c u r v e w a s found in 
a l l i n s t a n c e s , and it w a s t h u s p o s s i b l e to d e t e r m i n e f o r a given c o n c e n t r a t i o n 
of e thy lene oxide t h e s t e r i l i z a t i o n t i m e f o r a p a r t i c u l a r o r g a n i s m at any ce l l 
c o n c e n t r a t i o n . T h i s kind of p r o c e d u r e could be appl ied to any o ther powdered 
food . 

F o r i n v e s t i g a t i o n of the p r a c t i c a b i l i t y of t r e a t i n g coconut in bulk, 100- lb 
s a c k s of c o c o n u t w e r e t r e a t e d wi th e t h y l e n e ox ide in an o v e r n i g h t s t e r i l i -
z a t i o n c h a m b e r , u s e d r e g u l a r l y f o r t h e t r e a t m e n t of o t h e r m a t e r i a l . S a l -
m o n e l l a e w e r e e l i m i n a t e d , but in t h r e e i n s t a n c e s r e s i d u a l quan t i t i e s of e thy l -
ene g lyco l w e r e found . O b j e c t i o n s w e r e r a i s e d t o t h e u s e of e thy lene oxide 
if r e s i d u e s could be de t ec t ed a f t e r t r e a t m e n t . Methods of s t o r a g e o r a e r a t i o n 
r e q u i r e d t o d i s p e r s e r e s i d u a l e t h y l e n e ox ide h a v e not b e e n p r o p e r l y d e t e r -
m i n e d . S p r a y - d r i e d whole egg and white have been s u c c e s s f u l l y t r e a t e d with 
e t h y l e n e o x i d e , bu t t h e f u m i g a t i o n of f l a k e d a l b u m e n f a i l e d t o k i l l a l l s a l -
m o n e l l a e , p r e s u m a b l y b e c a u s e t h e g a s could not p e n e t r a t e l a r g e f l a k e s . I n -
f o r m a t i o n on t h e u s e of e t h y l e n e o x i d e in t h e U n i t e d S t a t e s i s c o n f l i c t i n g . 
F i f t y p a r t s p e r m i l l i o n of r e s i d u a l e thy lene g lyco l w a s sa id to be p e r m i t t e d , 
but l a t e r r e p o r t s s u g g e s t e d t ha t t he m e t h o d w a s d i s c o u r a g e d . On t h e o t h e r 
hand , i n f o r m a t i o n f r o m G e r m a n y i n d i c a t e s t h a t ' t h e t r e a t m e n t of c e r t a i n p r o d -
u c t s wi th e thy lene ox ide i s u s e d without r e s t r i c t i o n [42]. 

T h e u s e of p r o p y l e n e g lyco l i s sa id t o be s a t i s f a c t o r y but l e s s e f f i c i e n t . 

IRRADIATION WITH GAMMA RAYS 

R e l a t i v e l y s m a l l d o s e s of g a m m a r a y s h a v e b e e n shown t o d e s t r o y s a l -
m o n e l l a e in a n u m b e r of p r o d u c t s . F r o z e n whole egg in c a n s m a y be f r e e d 
f r o m s a l m o n e l l a e by t r e a t m e n t with 450 000 r ad without any d e l e t e r i o u s ef fec t 
on. t h e t a s t e and o d o u r of t h e c o o k e d p r o d u c t o r t h e b a k i n g q u a l i t y [43, 44] . 
250 0.00 r a d d e s t r o y e d s a l m o n e l l a e in f r o z e n b l o c k s of h o r s e m e a t [45], and 
t h e i r r a d i a t e d p r o d u c t w a s p a l a t a b l e t o d o g s . 

. i T h e u s e of i r r a d i a t i o n p a s t e u r i z a t i o n would be p r a c t i c a b l e f o r a l l f r o z e n 
b l o c k s of b o n e l e s s m e a t w h e t h e r in tended f o r h u m a n o r a n i m a l c o n s u m p t i o n , 
but t h e p r e s e n t Uni ted Kingdom Mea t (Staining and S t e r i l i z a t i on ) Regu la t ions , 
1960 [46], s t a t e tha t m e a t unf i t f o r human c o n s u m p t i o n .mus t be e i t h e r s ta ined 
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TABLE IV 

S A L M O N E L L A E IN F R O Z E N , PACKED, B O N E L E S S M E A T 
(1962-1963) 

Meat No. examined 

Salmonellae 

Meat No. examined 
No. positive 

Positive 

Horse 1360 605 44 

Veal 333 36 11 

Beef 362 98 27 

( k n a c k e r s ' y a r d m e a t only) and sold r a w o r s t e r i l i z e d by hea t and sold cooked. 
H o r s e m e a t , a l though i m p o r t e d a s m e a t not in tended f o r h u m a n c o n s u m p t i o n , 
m a y n e v e r t h e l e s s b e f i t f o r h u m a n c o n s u m p t i o n and a s s u c h i s s a m p l e d a t 
t h e P o r t [47]. T h e S a l m o n e l l a c o n t a m i n a t i o n of f r o z e n b o n e l e s s h o r s e and 
o t h e r m e a t i s g iven in T a b l e IV. 

A n i m a l f e e d i n g m e a l s h a v e a l s o b e e n t r e a t e d s a t i s f a c t o r i l y by i r r a d i -
a t i o n t o f r e e t h e m f r o m s a l m o n e l l a e . 

C o c o n u t c o u l d b e i r r a d i a t e d a l s o , bu t t h e p h y s i c a l e f f e c t s of o x i d a t i o n 
w e r e a p p a r e n t . 

See t h e s u b s e q u e n t p a p e r s in t h i s p u b l i c a t i o n , in p a r t i c u l a r the a r t i c l e s 
of T h o r n l e y and L e y . 

B A C T E R I O L O G I C A L T E S T S T O E S T A B L I S H T H E E F F E C T I V E N E S S O F 
T R E A T M E N T 

F o r e x p e r i m e n t a l e v a l u a t i o n of any p r o c e s s , an a g r e e d n u m b e r of 
s a m p l e s i s e x a m i n e d b e f o r e and a f t e r t r e a t m e n t . 

W h e r e S a l m o n e l l a c o n t a m i n a t i o n i s thought to be f a i r l y r e g u l a r l y d i s t r i -
bu ted in t h e s a m p l e , t h e n a t u r a l l y c o n t a m i n a t e d m a t e r i a l i s u s e d and a n u m -
b e r of s a m p l e s wi th in the s a m e b a t c h i s t a k e n f o r the e x p e r i m e n t s . W h e r e 
c o n t a m i n a t i o n i s s c a n t y , a r t i f i c i a l l y inocu la t ed m a t e r i a l m a y be u s e d . 

G e n e r a l c o l i f o r m and E . c o l i c o u n t s a r e c a r r i e d out , a s we l l a s q u a l i -
t a t i v e t e s t s f o r s a l m o n e l l a e in 5 0 - g q u a n t i t i e s of m a t e r i a l wi th 2X 2 5 - g 
a m o u n t s of e a c h s a m p l e in 100 m l of s e l e n i t e F and t e t r a t h i o n a t e o r n u t r i e n t 
b r o t h s i n c u b a t e d o v e r n i g h t f o r t h e f i r s t s u b c u l t u r e and f o r 3 d a t 37"C f o r 
t h e s econd s u b c u l t u r e , when c u l t u r e s f r o m the f i r s t - d a y p l a t e s a r e n e g a t i v e . 
T h e r e i s r e l a t i v e l y l i t t l e known about the e f f ec t of i r r a d i a t i o n o r o the r t r e a t -
m e n t s on t h e m e t a b o l i c a c t i v i t i e s of m i c r o - o r g a n i s m s and t h e r e f o r e t h e i r 
a b i l i t y t o g r o w in o r on s e l e c t i v e o r e n r i c h m e n t m e d i a . I t wou ld s e e m t o 
b e a d v i s a b l e , t h e r e f o r e , to u s e n u t r i e n t b ro th a s the e n r i c h m e n t l iqu id . C o m -
p a r a t i v e r e s u l t s h a v e shown t h a t e n r i c h m e n t in n u t r i e n t b r o t h g i v e s m o r e 
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s a t i s f a c t o r y r e s u l t s t h a n d o e s s e l e n i t e F f o r t h e i s o l a t i o n of s a l m o n e l l a e 
f r o m d r i e d egg p r o d u c t s and c o c o n u t [25] . 

When i t i s d e s i r e d t o e x a m i n e m o r e than 50 g of each s a m p l e , the amount 
of l i q u i d e n r i c h m e n t added shou ld be a p p r o x i m a t e l y f o u r t i m e s t h e s a m p l e 

4 s i z e . 
. - P l a t i n g m e d i a J n c l u d e b i s m u t h s u l p h i t e and d e o x y c h o l a t e c i t r a t e a g a r s 

i n c u b a t e d f o r 1 t o 2 d a t 3 7 ° C . S u s p i c i o u F c o l o n i e s a r e i n o c u l a t e d in to t h e 
( j n l h t y G i l l i e s f e r m e n t a t i o n t u b e s [48, 49] and on t h e M a c C o n k e y a g a r ; a f t e r o v e r - /Va í • -

n ight incuba t ion , s e r o l o g i c a l ..tests a r e c a r r i e d out f r o m growth on the sloped 
G i l l i e s t ube . 

F o r r o u t i n e e x a m i n a t i o n of t r e a t e d m a t e r i a l a c h e m i c a l t e s t i s of va lue , 
f o r e x a m p l e , t h e a - a m y l a s e t e s t f o r p a s t e u r i z e d l i qu id who le egg [38, 39]. 
F o r i r r a d i a t e d m e a t , coconu t o r f e e d i n g s t u f f s , s a l m o n e l l a e shou ld be a b -
s e n t f r o m 5 0 - g s a m p l e s . Q u a n t i t a t i v e e s t i m a t i o n s m a y be c a r r i e d out on 
t h e o r i g i n a l m a t e r i a l t o f i n d out t h e l e v e l of c o n t a m i n a t i o n but s h o u l d no t 
b e u s e d a s a y a r d s t i c k f o r e f f i c i e n c y a l t h o u g h t h e d o s a g e of i r r a d i a t i o n o r 
of f u m i g a n t m a y b e judged f r o m l o g a r i t h m i c s u r v i v a l - c u r v e s . 

S A M P L I N G 

F o r a s s e s s m e n t of t h e b a c t e r i o l o g i c a l e f f i c i e n c y of a new p r o c e s s , 
s a m p l e s s h o u l d b e t a k e n a t r e g u l a r i n t e r v a l s u n t i l a s i g n i f i c a n t n u m b e r of 
r e s u l t s h a v e b e e n o b t a i n e d . If i t i s a c o n t i n u o u s p r o c e s s , it i s s u g g e s t e d 
t h a t s i x s a m p l e s p e r d a y , c o v e r i n g m o r n i n g , a f t e r n o o n and e v e n i n g p r o -
duc t ion , shou ld b e t a k e n on a l t e r n a t e d a y s unt i l a p p r o x i m a t e l y 500 s a m p l e s 
h a v e b e e n e x a m i n e d . F o r b a t c h p r o c e s s e s a s i g n i f i c a n t p r o p o r t i o n of e a c h 
b a t c h s h o u l d b e e x a m i n e d ; t h i s h a s b e e n c o n s i d e r e d in m o r e d e t a i l in t h e 
s e c t i o n a b o v e e n t i t l e d " M a n u f a c t u r i n g p r o c e s s e s f o r f i s h m e a l ' 1 . 

S t e r i l e s a m p l i n g e q u i p m e n t and c o n t a i n e r s m u s t be u s e d , and the s a m p l e s 
should r e a c h the l a b o r a t o r y in the s h o r t e s t p o s s i b l e t i m e . When S a l m o n e l l a 
c o n t a m i n a t i o n i s s u s p e c t e d , e x a m i n a t i o n s h o u l d i n c l u d e t e s t s f o r t h i s o r -
g a n i s m ; but if it i s d e s i r e d t o u s e a c o l i f o r m t e s t i n s t e a d , then at l e a s t 50 g 
of m a t e r i a l s h o u l d b e e x a m i n e d . Ye t t h i s a p p e a r s t o b e u n d u l y s t r i n g e n t 
b e c a u s e of t he h a z a r d s of a i r b o r n e and e q u i p m e n t - b o r n e con tamina t ion ; a l s o , 
h e a t - r e s i s t a n t s t r a i n s of E . col i m a y e s c a p e l o w - t e m p e r a t u r e p a s t e u r i z a t i o n 
p r o c e s s e s . 

T h e r o u t i n e e x a m i n a t i o n of f l o o r , s h e l f and b e a m d u s t s h o u l d no t b e 
n e g l e c t e d . 

A s t a n d a r d canno t be se t u n l e s s i t s p r a c t i c á b i l i t y h a s b e e n e s t a b l i s h e d 
by t h e e x a m i n a t i o n of h u n d r e d s of s a m p l e s . 

T H A T C H E R [50] d e s c r i b e s i n t e r n a t i o n a l d i s c u s s i o n on s ampl ing , t o l e r -
a n c e l e v e l s and m i c r o b i o l o g i c a l s a f e t y l i m i t s f o r c e r t a i n f r o z e n f o o d s . A 
c o m m e n t on s a m p l i n g t e c h n i q u e s i s o f f e r e d in A n n e x I of t h i s p u b l i c a t i o n . 

R E F E R E N C E S 

[1] WILSON. G . S . . "Introduction". Food Poisoning: Symposium, Royal Soc. Health, London (1962) . 
[2] TAYLOR, J . , "Salmonella and Salmonellosis'. Food Poisoning: Symposium Royal Soc. Health. London 

(1962). • -



SALMONELLAE IN FOODS AND .FEEDS 51 

[3] ANDERSON, E.S. "Salmonella Food Poisoning". Food Poisoning: Symposium. Royal Soc.Health. London 
(1962 ) . 

[4] NEWELL, K . W . , McCLARIN, R., MURDOCK, C .R . , MacDONALD, W.N. and HUTCHINSON, H . L . , 
'Salmonellosis in Northern Ireland, with special reference to pigs and Salmonella-contaminated pig 
meal , J .Hyg . , C a m b . 57 (1959)92. 

[5] NEWELL, K .W. The investigation and control of Salmonellosis, Bull. WHO 21 (1959 ) 279. 
[6] SMITH, H .W. , The effect of feeding pigs on food naturally contaminated with Salmonellae. J. Hyg. , 

v Camb. 58 (1960) 381. 
[7] GARSIDE, J .S . , GORDON. R. F. and TUCKER, J. F., The emergence of resistant strains of Salmonella 

typhi murium in the tissues of al imentary tracts of chickens following the feeding of an ant ibiot ic , 
Rec. Vet. Sci. .1 (1960) 184. 

[8] GALTON, M . M . , SMITH, W . V . . McELRATH, H.B. and HARDY, A.B. Salmonella in swine, catt le 
and the environment of abattoirs. J . infec t . Dis. У5 (1954 ) 236. 

[9] SALISBURY, R. M . , Salmonella infections in animals and birds in New Zealand, N. Z. vet. J. 6 (1958) 
76. 

[10] NOTTINGHAM, P . M . and URSELMANN, A . J . , Salmonella infection in calves and other animals, 
N . Z . J . a g r i e . R e s . 4 (1961) 449. 

[11] DIXON, J . M . S . and POOLEY, F .E . , Salmonellae in a poultry-processing plant . Mon.Bul l .Minis t . 
Hlth Lab. Serv. 20 (1961) 30. 

[12] DIXON, J. M.S. and POOLEY, F.E., Salmonellae in two turkey processing factories, Mon. Bull. Minist. 

Hlth Lab. Serv. 21 (1962) 138. 
[131 SMITH, M.E . and HOBBS, B . C . , Salmonella in Chinese irozen egg. Mon.Bull . Minist .Hlth Lab. 

Serv. 14 (1955) 154. 
[14] HOBBS, B . C . , Techniques de recherche des Salmonella dans les œufs frais e t de conserve, Ann.Inst. 

Pasteur ( 1963) ( in press). 

[15] NEWELL, K.W., Paratyphoid В fever possibly associated with Chinese frozen egg. Mon. Bull. Minist. 
Hlth Lab.Serv. 14 (1955) 146. 

[16] NEWELL, K . W , , HOBBS, B.C. and WALLACE, E . J .G . , Paratyphoid fever associated with Chinese 
frozen whole egg. Br i t .med . J . ü (1955) 1296. 

[17] THATCHER, F.S. and MONTFORD, J . , Egg-products as a source of salmonel lae in processed foods, 
Canad. J .Publ . Hlth 53 (1962) 61. 

[18] GALBRAITH. N . S . . TAYLOR, C . E . D . , CAVANAGH, P . , HAGAN, J .G. and PATTON. J . L . , Pet 
foods and garden fertilizers as source of human salmonellosis. Lancet î  (1962) 372. 
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1 
Abstract —• Résumé — Аннотация — Resumen 

BACTERIOLOGICAL STUDY OF FISH MEAL IN PERU. The importance of fish-meal production in Peru is 
pointed out, and the methods of manufacture are described. 

The bacter io logica l status at different stages of the f i sh -mea l production process is reviewed. It is 
stated that the bacterial count of fish meal is related to the bacterial count of the fish pools, the environmental 
sanitation in ship holds and factories and the method of preserving the fish meal. 

ÉTUDE BACTERIOLOGIQUE DE LA POUDRE DE POISSON PREPAREE AU PEROU. L'auteur souligne l ' im-
portance de la production de poudre de poisson au Pérou et décr i t les méthodes de préparat ion. 

П étudie l 'état bactériologique aux différents stades du processus de production. 11 indique que la numé-
ration bactérienne de la poudre de poisson est fonction de la numération bactérienne des viviers, de la salubrité 
des cales de bateaux et des usines ainsi que de la méthode de conservation de la poudre. 

БАКТЕРИОЛОГИЧЕСКОЕ ИССЛЕДОВАНИЕ РЫБНОЙ МУКИ В ПЕРУ. Подчеркивается значение производства 
рыбной муки в Перу и описываются методы ее изготовления. Рассматривается бактериологическое состо-
яние на различных этапах процесса изготовления рыбной муки. Указывается, что бактериальное чис-
ло в рыбной муке зависит от бактериального числа рыбных бассейнов, санитарных условий в трюмах 
судов и на предприятиях и от метода хранения рыбной муки. 

ESTUDIO BACTERIOLÓGICO DE LA HARINA DE PESCADO EN EL PERU. La memoria subraya la impor-
tanc ia de la producción d e harina de pescado en el Perú y describe los métodos de e laboración. 

Examina las características bacteriológicas de la harina de pescado en las diferentes etapas del proceso -
de producción. Establece que la flora bac ter iana d e la harina d e pescado guarda una relación con la que 
existe en los mismos pescados, con las condiciones sanitarias en las bodegas de los barcos pesqueros y en las 
fábricas, y con el método de conservación de la harina de pescado. 

The f i sh ing i n d u s t r y in P e r u i s t he younges t of a l l i n d u s t r i e s , but one 
tha t h a s g r o w n at an exponen t i a l r a t e to b e c o m e in r e c e n t y e a r s t he m o s t 
i m p o r t a n t in L a t i n A m e r i c a and the second in the wor ld a f t e r J a p a n . I s i s 
p r o b a b l e that it wi l l be the w o r l d ' s f i r s t f o r t he y e a r 1962. T h i s d e v e l o p -
m e n t h a s been r e f e r r e d to a s t h e "anchovy f e v e r " . 

The f i sh ing i n d u s t r y r e c e i v e s a g r e a t dea l of a t ten t ion f r o m p r i v a t e a s 
wel l a s g o v e r n m e n t a l i n s t i t u t i o n s . T h i s was shown v e r y c l e a r l y at a s y m -
p o s i u m he ld in L i m a d u r i n g t h e m o n t h of N o v e m b e r 1962. T h e N a t i o n a l 
F i s h i n g Soc ie ty of P e r u , c o n s c i o u s of t he p o t e n t i a l of t h i s i n d u s t r y , h a s 
s t a r t e d a c a m p a i g n d i r e c t e d to i n f o r m the p e o p l e about t he n u t r i t i v e v a l u e 
of f i s h m e a l fed to d o m e s t i c a n i m a l s . T h i s n a t u r a l r e s o u r c e i s capab le of 
supply ing m o s t of t he food so bad ly n e e d e d by our popula t ion a s wel l a s by 
peop le f r o m o t h e r c o u n t r i e s w h e r e t h e r e i s a g r e a t s h o r t a g e of high qual i ty 
p r o t e i n . At p r e s e n t t h i s i ndus t ry i s provid ing man with a p p r e c i a b l e quan t i -
t i e s of food and i s a l s o p roduc ing feed f o r l i v e s t o c k and pou l t r y . P e r u h a s 
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a c t u a l l y b e c o m e t h e m o s t i m p o r t a n t e x p o r t e r of f i s h m e a l , a s s h o w n by 
s t a t i s t i c s d u r i n g t h e p a s t f e w y e a r s . * 

F o r a l l t h e s e r e a s o n s it b e c a m e n e c e s s a r y to e x a m i n e the s a n i t a r y c o n -
d i t i o n s -under w h i c h t h e f i s h m e a l i s b e i n g p r o d u c e d . E m p h a s i s w a s g i v e n 
t o t h e p r e s e n c e of p a t h o g e n i c b a c t e r i a . 

F o r t h e p r o d u c t i o n of f i s h m e a l in P e r u , we u s e the anchovy ( E n g r a u l i s 
r i n g e n s ) . T h e f i s h u s e d i s g e n e r a l l y v e r y f r e s h and m o s t of t he t i m e p r o c -
e s s e d w i t h i n 12 h a f t e r c a p t u r e . T h i s i s b e c a u s e of t h e s h o r t d i s t a n c e s 
f r o m t h e f i s h i n g a r e a s t o t h e p r o c e s s i n g p l a n t s . F o r t h i s r e a s o n t h e f i s h -
m e a l p r o d u c e r s do not add a n y p r e s e r v a t i v e s , a s i s c u s t o m a r i l y d o n e in 
o t h e r c o u n t r i e s . 

O n c e t h e a n c h o v y i s .in t h e p r o c e s s i n g p l a n t , i t i s s u b j e c t e d t o q u i c k 
t r e a t m e n t c o n s i s t i n g in t h e f o l l o w i n g s t e p s : 

(a ) C o o k i n g by s t e a m h e a t ; 
(b) P r e s s i n g t o e l i m i n a t e w a t e r and o i l ; 
(c) D r y i n g in hot a i r , wh ich e l i m i n a t e s e x t r a w a t e r so t h a t t h e p r o d u c t 

c an b e p r e s e r v e d f o r l o n g e r p e r i o d s of t i m e ; 
(d) P u l v e r i z i n g , t o f a c i l i t a t e m i x i n g wi th o t h e r foods ; and f i na l l y 
(e) P a c k i n g in p a p e r , ju te o r p o l y e t h y l e n e b a g s . 
V e r y l i t t l e w o r k h a s b e e n p u b l i s h e d on t h e b a c t e r i o l o g y of f i s h m e a l . 

A c c o r d i n g t o u n p u b l i s h e d d a t a , t h e f i s h m e a l m a n u f a c t u r e d t o d a y i n P e r u 
i s r e l a t i v e l y f r e e f r o m pa thogen ic b a c t e r i a . Howeve r , it should be ment ioned 
tha t d u r i n g i t s in fancy t h i s i n d u s t r y had c o n s i d e r a b l e t r o u b l e , and the d e g r e e 
of b a c t e r i a l c o n t a m i n a t i o n w a s h igh. At tha t t i m e when the co n t ro l m e a s u r e s 
w e r e of low s t a n d a r d . S a l m o n e l l a w e r e f o u n d in f i s h m e a l t h a t w a s s t o r e d 
in p l a c e s w h e r e no r o d e n t c o n t r o l w a s c a r r i e d out . Six y e a r s ago S . t y p h i -
m u r i u m , S . c h o l e r a s u i s a n d S. s c o t t m u e r l e r i w e r e o f t e n i s o l a t e d . 

I s h a l l r e p o r t s o m e of t h e w o r k t h a t w a s done at t h e F a c u l t y of V e t e r i -
n a r y M e d i c i n e and a t t h e M i c r o b i o l o g y L a b o r a t o r y of t h e A g r i c u l t u r a l U n i -
v e r s i t y . T h e p u r p o s e of t h i s w o r k w a s t o f ind out t h e b a c t e r i o l o g i c a l s t a t u s 
at d i f f e r e n t s t a g e s of t h e f i s h - m e a l p r o c e s s . 

1. In t h i s s tudy s a m p l e s w e r e t a k e n f r o m 
(a) Sea w a t e r ; 
(b) F r e s h anchovy; 
( c ) W a t e r at t h e s t o r e s of t h e f i s h i n g b o a t s ; 
(d) Anchovy tha t w a s s t o r e d f o r s e v e r a l h o u r s at t he m i l l s o r p r o c -

e s s i n g p l a n t s ; 
(e) F i s h m e a l b e f o r e t aken to the d r i e r ; 
(f) F i s h m e a l a f t e r be ing d r i e d ; and 
(g) F i s h m e a l at t he m o m e n t of bagging . 

2. F i s h - m e a l s a m p l e s f r e s h l y p r e p a r e d and s t o r e d . F o r t h i s p u r p o s e 
120 s a m p l e s w e r e ob ta ined f r o m 12 p r o c e s s i n g p l a n t s . Of t h e 120, 60 w e r e 
a t b a g g i n g t i m e and 60 a f t e r s e v e r a l d a y s of be ing b a g g e d and s t o r e d . Of 
t h e s e l a s t o n e s , 34 c a m e f r o m o p e n b a g s and 26 f r o m c l o s e d b a g s . 

3 . D i r e c t s a m p l e s f r o m t h e e n v i r o n m e n t in to p e t r i d i s h e s c o n t a i n i n g 
s i m p l e a g a r and M c C o n k e y . T h e s e p e t r i d i s h e s w e r e l e f t open f o r a p e r i o d 
of 2 h at d i f f e r e n t p l a c e s . 

* Information on production and international trade in fish meals can be found in Annex I of this publi-
cation. 



FISH MEAL IN PERU 55 

B a c t e r i a l c o u n t f o r s a p r o p h y t i c and c o l i f o r m b a c t e r i a w i t h t h e u s u a l 
d i lu t ion s y s t e m w a s employed , and the m e d i a u s e d w a s a g a r and McConkey . 
Adequa t e m e d i a f o r a n a e r o b e s a l s o was used , but the inves t iga t ion was m a i n -
l y d i r e c t e d t o d e t e c t S a l m o n e l l a . F o r t h i s p u r p o s e t e t r a t h i o n a t e , s e l e n i t e 
and b r i l l a n t g r e e n w e r e u s e d . T h e r e s u l t s a r e shown in T a b l e s I, II, III and 
IV. 

T h e b a c t e r i o l o g i c a l a n a l y s e s ind ica te that the f i sh m e a l m a n u f a c t u r e d in 
P e r u i s a p r o d u c t r e l a t i v e l y f r e e of p a t h o g e n i c b a c t e r i a . R e s u l t s o b t a i n e d 
in d i f f e r e n t l a b o r a t o r i e s a r é v e r y s i m i l a r . 

T a b l e I s h o w s tha t t he s e a w a t e r d o e s not h a v e the s a m e in f luence with 
r e g a r d t o c o n t a m i n a t i o n a s do the s t o r e s of t h e f i s h i n g b o a t s . 

TABLE I 

B A C T E R I A L C O U N T IN D I F F E R E N T PHASES O F 
F I S H - M E A L P R O D U C T I O N 

Sample 

j 
Bacterial count per gram 

Sample Saprophytic - . . . Coliforms Sample 

1 2 3 1 2 3 

Sea water 110 000* 49 000 4900 4000 860 200 

Fresh anchovy 16000 2500 200 2700 600 60 

Store water 690 000 856000 1540 000 18000 36000 110 000 

Anchovy at mill 17000 26000 55000 3100 4000 15 200 

Anchovy several 
hours at mill 

52000 726000 1450 000 11000 29000 225000 

Out of cooking 
and pressing 

1400 7 000 15300 - 4 100 

Drying 
Grinding 

12 60 120 - - 4 

Packing 18 68 132 - 1 6 

* The bacterial count was high because of the rough sea. 
Note: Investigations for Salmonella were negative. 

T a b l e II g i v e s a c o m p a r i s o n of t h e b a c t e r i a l coun t of t h e f i s h m e a l a t 
bagg ing t i m e wi th f i s h m e a l a f t e r s e v e r a l days of s t o r a g e . In the f i r s t c a s e 
t h e s a p r o p h y t i c coun t w a s n e v e r h i g h e r than 129 and the c o l i f o r m n e v e r 
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TABLE II 

C O M P A R A T I V E B A C T E R I A L C O U N T O F F R E S H A N D S T O R E D F I S H M E A L 

T i m e 
Number 

Saprophytic per g r am Col i fo rm peí g ram 
Isolated 

mil ls 
T i m e of 

samples 12 to 
129 

750 to 
100 000 

100 000 to 
1290 000 

negat ives 
1 to 
6 

29 to 
20 000 

organisms 

St. aureus 

B. sublllis 
At bagging 60 60 3 . 5 25 

E. co l i 

Sarc lna sp. 

12 

Several 

CI. sepUcum 

CI. sporogenes 

C l . welchl i type A 

days 
la ter 

60 37 23 60 Proteus vulgaris 

St. aureus 

B. subtllls 

E. coU 

Sarcina sp. 

N 
S 
P 
f 
m to 



TABLE П1 

B A C T E R I A L C O U N T R E L A T E D T O T I M E A F T E R BAGGING 

T i m e of 
sampl ing 

Condit ion 
of the 
b a g 

No. of 
samples 
studied 

Bacter ia l count per gram 

T i m e of 
sampl ing 

Condit ion 
of the 
b a g 

No. of 
samples 
studied 

Saprophyt ic Co l i fo rm 
T i m e of 
sampl ing 

Condit ion 
of the 
b a g 

No. of 
samples 
studied 

12 to 129 7 5 0 - 2 3 000 
38 000-
100000 

110 000-
1294000 

Negat ive 1 to 6 29-600 750-20 000 

Bagging t i m e - 60 60 - - - 35 25 - -

4 d a f t e r open 5 - - 5 - - - - 5 

5 d a f te r open 7 - - 1 6 - - - 7 

5 d a f te r closed 3 - 3 - • - - - 3 * -

7 d af te r open 5 - - 5 - - - - 5 

8 d a f t e r open 7 
/ 

- - 7 - - ' - 7 

14 d a f t e r open 5 - - 5 - - - 5 

IS d a f t e r closed 5 - 5 - - - - 5 -

16 d a f t e r open 2 - - - 2 - - - 2 

17 d a f t e r open 3 - - - 3 - - - 3 

22 d a f t e r closed 5 5 - - • - - 5 -

45 d a f t e r closed 5 - 5 - - - - 5 -

60 d a f t e r closed 5 - 5 - - - - 5 -

СЛ 
X 
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TABLE IV 

C O M P A R A T I V E B A C T E R I A COUNT WITHIN T H E SAME M I L L 

Mills 

Saprophytic per gram Coliforms per gram 

Mills 

Fresh fish mea l 
Several days 

of storage 
Fresh fish mea l Several days 

of storage 

A 34 1 124000* 0 . 2 1 8 4 0 0 * 

В 4 4 2 9 6 0 0 0 * 0 . 6 1 0 1 0 * 

Ç 33 5 6 8 0 0 0 * 0 . 4 8 1 2 * 

D 89 3 6 8 0 * * 2 . 4 1 7 0 * * 

E 36 2 2 4 0 0 * * 1.0 4 4 8 * * 

F 51 9 8 0 0 * * 0 . 6 4 2 0 * * 

G 25 72 600* 0 . 4 6 0 0 0 * 

H 35 2 9 1 3 0 0 * 0 . 6 17 6 0 0 * 

I 84 4 5 4 0 0 * 2 . 8 7 8 0 0 * 

J 

17 150 500* 0 . 2 1 7 0 0 * 

J 

17 3 7 6 6 * * 0 . 2 7 2 * * 

К 35 1 4 4 0 * * 0 . 4 ' 4 9 * * 

L 

25 140 600* 0 . 2 1 8 1 0 * 

L 

25 1 4 8 3 * * 0 . 2 1 8 3 * * 

* open bags 
* * closed bags 

h i g h e r than 6, wh i l e in t h e second c a s e the t o t a l count w a s be tween 750 and 
1 290 000 and t h e c o l i f o r m count f r o m 29 to 20 0 0 0 / g . T h e s e r e s u l t s c l e a r l y 
s h o w t h a t t h e b a c t e r i a l c o n t a m i n a t i o n o r i g i n a t e s m a i n l y f r o m t h e e n v i r o n -
m e n t . T h i s w a s c o n f i r m e d by e x a m i n a t i o n of f i s h m e a l in open and c l o s e d 
b a g s w h e r e a t r e m e n d o u s d i f f e r e n c e w a s shown ( T a b l e s III and IV). C l o s e d 
b a g s t h a t w e r e k e p t f o r a p e r i o d of 60 d did not s h o w o v e r 23 000 n o r 
m o r e t h a n 600 c o l i f o r m p e r g r a m , w h i l e t h e f i s h m e a l k e p t in o p e n b a g s 
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f o r a p e r i o d of about 4 t o 17 d showed a t o t a l coun t f r o m 38 000 t o 1 2 9 0 0 0 0 
and f r o m 750 to 20 000 c o l i f o r m b a c t e r i a p e r g r a m . 

F r o m t h e s e r e s u l t s we c a n c o n c l u d e t h a t t h e b a c t e r i a l coun t in o p e n 
b a g s i s in d i r e c t p r o p o r t i o n t o t h e t i m e of e x p o s u r e . 

S a l m o n e l l a w e r e not i s o l a t e d in any of t h e s a m p l e s , but f r o m t h e s u r -
r o u n d i n g s S H ^ h m a u r ü m w a s i s o l a t e d . T h i s i n d i c a t e s t h e p o s s i b i l i t y t ha t 
t h e f i s h m e a l c an ge t c o n t a m i n a t e d with t h i s o r g a n i s m . 

F r o m t h e s e s t u d i e s t h e fo l lowing c o n c l u s i o n s w e r e d r a w n : 
1. T h e b a c t e r i a l count of f i s h m e a l i s r e l a t e d to the c l e a n l i n e s s of t h e 

f i s h p o o l s , t h e ' m e t h o d of p r e s e r v i n g the f i s h m e a l (open o r c l o sed bags) and 
t h e e n v i r o n m e n t s a n i t a t i o n . F u n d a m e n t a l l y , t h e b a c t e r i a l c o n t e n t h a s i t s 
o r i g i n in t h e e n v i r o n m e n t . 

2 . T h e n u m b e r of b a c t e r i a in t h e f r e s h l y p r e p a r e d f i s h m e a l i s f r o m 
12 t o 129 s a p r o p h y t i c and f r o m 0 to 6 c o l i f o r m b a c t e r i a . In the s t o r e d p r o d -
uc t t h e n u m b e r of s a p r o p h y t i c b a c t e r i a fluctuates f r o m 750 to 1 290 000 and 
f r o m 2 9 t o 20 000 c o l i f o r m . 

3. T h e n u m b e r of b a c t e r i a in f i s h m e a l k e p t f o r 60 d in c l o s e d b a g s 
did not s u r p a s s 28 000 s a p r o p h y t i c b a c t e r i a and 600 c o l i f o r m p e r g r a m . F i s h 
m e a l k e p t in o p e n b a g s f o r p e r i o d s f r o m 4 t o 17 d h a d 38 000 t o 1 290 000 
s a p r o p h y t i c b a c t e r i a a n d f r o m 700 t o 20 000 c o l i f o r m b a c t e r i a p e r g r a m . 

4 . In the f r e s h l y p r e p a r e d f i s h m e a l the fo l lowing o r g a n i s m s w e r e i s o -
l a t e d : S t a p h y l o c o c c u s a u r e u s , B a c i l l u s s u b t i l i s , E c h e r i c h i a co l i and S a r c i n a 
s p . In f i s h m e a l kept in open bags : St. a u r e u s , В. sub t i l i s , E . c o l i , S a r c i n a sp.. 
C l . s e p t i c u m , C l . s p o r o g e n e s , C l . w e l c h i i t y p e A and P r o t e u s v u l g a r i s . 

5. F r o m t h e e n v i r o n m e n t of t he m i l l s t he fo l lowing b a c t e r i a w e r e i s o -
l a t e d : S t . a u r e u s , B . s u b t i l i s , E . c o l i , S a r c i n a s p . , P r o t e u s v u l g a r i s a n d 
S a l m o n e l l a t y p h i m u r i u m . 

6. T h e b a c t e r i a l coun t of t h e f i s h - m e a l p r o d u c t i s c l o s e l y r e l a t e d t o 
t h e b a c t e r i a l coun t of t h e f i s h p o o l . 

7. T h e c o n t a m i n a t i o n in t h e hold of t he boa t h a s m u c h g r e a t e r i n f luence 
on the f i n a l p r o d u c t t han d o e s t h e b a c t e r i a found in s e a w a t e r and f r e s h a n -
chovy . 

In v i e w of t h e s e f i n d i n g s , t h e f o l l o w i n g r e c o m m e n d a t i o n s h a v e b e e n 
o f f e r e d t o t h e f i s h i n d u s t r y : 

1. T h o r o u g h h y g i e n e shou ld be m a i n t a i n e d t h r o u g h o u t t h e s t o r e s in t h e 
f i s h i n g b o a t s ; 

2. Al l t he equ ipmen t u s e d in the p r o c e s s i n g should be f r equen t ly c l eaned 
and d i s i n f e c t e d ; 

3. E v e r y e f f o r t shou ld b e m a d e s o t ha t t h e anchovy a r r i v e s a t t h e m i l l 
f o r p r o c e s s i n g in t h e s h o r t e s t t i m e ; 

4 . A s s o o n a s t h e f i s h - m e a l p r o c e s s i s f i n i s h e d , t h e p r o d u c t s h o u l d 
b e k e p t in c l o s e d b a g s ; 

5 . T h e f i s h m e a l shou ld b e k e p t in c l e a n , we l l v e n t i l a t e d and h y g i e n i c 
s t o r e s ; 

6. An e f f e c t i v e r o d e n t c o n t r o l p r o g r a m m e shou ld be m a i n t a i n e d . 
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MEASURES TAKEN OR RECOMMENDED TO SAFEGUARD IMPORTING COUNTRIES AGAINST COM-
MODITIES CONTAMINATED WITH SALMONELLA AND SIMILAR ENTEROPATHOGENIC BACTERIA IN RELATION 
TO THE PROSPECT OF RADIATION CONTROL. Bone m e a l , fish m e a l and vegetable products prepared in 
developing countries are often contaminated with Salmonel la and s imilar enteropathogenic organisms. 

For prevention of the spread of Salmonella effective measures have to be taken. An attempt is made to 
review the measures so far taken or suggested for this purpose and to eva lua te the prospects for the use of 
ionizing radiat ion as a radiation sanitation process. 

MESURES PRISES OU RECOMMANDÉES POUR PROTÉGER LES PAYS IMPORTATEURS CONTRE DES DEN-

RÉES CONTAMINÉES PAR DES SALMONELLAE ET AUTRES BACTÉRIES ENTÉROPATHOGÊNES. EMPLOI ÉVEN-

TUEL DES RAYONNEMENTS. Les poudres d'os et de poisson ainsi que les produits végétaux préparés dans les 

pays en voie de développement sont souvent contaminés par des Salmonel lae e t autres organismes entéro-

pathogènes analogues. 

Des mesures énergiques doivent ê t re prises pour empêcher la propagation des Salmonel lae. Dans ce 

cadre, on s 'efforce d'étudier les dispositions prises ou recommandées jusqu'à présent et d 'évaluer les perspec-

tives de l ' emploi des rayonnements ionisants comme moyen de décontamination. 

ПРИМЕНЯЕМЫЕ ИЛИ РЕКОМЕНДУЕМЫЕ МЕРЫ ПРЕДОТВРАЩЕНИЯ ИМПОРТА ТОВАРОВ, ЗАРАЖЕННЫХ САЛМОНЕЛЛОЙ 
ИЛИ ПОДОБНЫМИ ЕЙ КИШЕЧНЫМИ БАКТЕРИЯМИ, В СВЯЗИ С ПЕРСПЕКТИВАМИ БОРЬБЫ С ПОМОЩЬЮ РАДИАЦИИ. Изго-
товленные в развивающихся странах костная и рыбная мука и изделия из овощей часто заражены сал-
монеллой и подобными ей кишечными организмами. 

Для предотвращения распространения салмонеллы должны приниматься эффективные меры. Делается 
попытка дать обзор мер, уже применяемых или предлагаемых для этой цели, и оценить перспективы 
применения ионизирующих излучений в качестве процесса радиационной санации. 

MEDIDAS ADOPTADAS О RECOMENDADAS PARA EVITAR LA IMPORTACIÓN DE PRODUCTOS CON-
TAMINADOS CON SALMONELLAE Y OTRAS BACTERIAS ENTEROPATÓGENAS SIMILARES, TENIENDO EN 
CUENTA LA POSIBILIDAD DE LA DESINFECCIÓN POR IRRADIACIÓN. Con frecuencia, la harina de huesos y 
de pescado y los productos vegetales que se elaboran en los países en vías de desarrollo están contaminados 
con Salmonel lae y. otros agentes enteropatógenos similares. 

Para evitar que las Salmonellae se extiendan, es preciso recurrir a procedimientos eficaces. La memoria 
revisa" lo más completamente posible las medidas adoptadas o propuestas hasta el presente con ese proposito, 
y evalúa las probabilidades de éxito del empleo de radiaciones ionizantes como medio de depuración sanitaria. 

INTRODUCTION : 

In 1955 it was e s t ab l i shed that bone m e a l (BISCHOFF [1] and RASCH[2]) 
and f i s h m e a l ( B I S C H O F F [3]) p r e p a r e d in deve lop ing c o u n t r i e s a r e o f t e n 

61 



62 D . A . A . MOSSEL 

c o n t a m i n a t e d wi th S a l m o n e l l a and s i m i l a r e n t e r o p a t h o g e n i c o r g a n i s m s . A 
few y e a r s l a t e r it w a s d e m o n s t r a t e d tha t the s a m e o c c u r s in v e g e t a b l e p r o d -
u c t s s t e m m i n g f r o m t h e s e a r e a s (HAUGE and B 0 V R E [4]). 

S o m e of t h e s e p r o d u c t s h a v e b e e n m a n u f a c t u r e d b y s u n - d r y i n g u n d e r 
r a t h e r p r i m i t i v e c o n d i t i o n s and a r e t h e r e f o r e l i a b l e t o b e s e r i o u s l y c o n -
t a m i n a t e d (ADAM [5]). S i m i l a r p r o d u c t s p r e p a r e d in o t h e r a r e a s , a l though 
t h e y h a v e b e e n h e a t - p r o c e s s e d , ye t f a i r l y o f t en con t a in E n t e r o b a c t e r i a c e a e 
and o t h e r t h e r m o - l a b i l e o r g a n i s m s , In s u c h p r o d u c t s the i n f e c t i o n i s o f t e n 
r a t h e r h e t e r o g e n e o u s l y d i s t r i b u t e d , with r e f e r e n c e both to d i s t r i b u t i o n o v e r 
a g i v e n b a t c h a s w e l l a s to t h e s e q u e n c e in s u c c e s s i v e b a t c h e s . T h i s m a y 
r e s u l t f r o m t w o d i f f e r e n t c a u s e s : (i) t h e s u r v i v a l of E n t e r o b a c t e r i a c e a e 
in f o c i in which t h e s e b a c t e r i a a r e p h y s i c a l l y p r o t e c t e d a g a i n s t the , in i t se l f 
f o r a s p o r o g e n o u s o r g a n i s m s l e t h a l , h e a t t r e a t m e n t t o which t h e bu lk of t h e 
m a t e r i a l i s r e g u l a r l y s u b j e c t e d (WINKLE and ADAM [6]; v a n d e r SCHAAF 
[7]); (ii) p o s t - t r e a t m e n t c o n t a m i n a t i o n which i s , i n t e r a l i a , m o s t p r o b a b l y 
t h e r o u t e by wh ich p r o d u c t s of v e g e t a b l e o r i g i n c o n t r a c t t h e i r i n f ec t i on wi th 
e n t e r i c o r g a n i s m s (WINKLE and ROHDE [8]; RÜHR [9], WINKLE, ROHDE 
and ADAM [10]; G R U M B L E S and F L O W E R S [11]; RUTQVIST [12]; v a n d e r 
S C H A A F [7]). 

H o w e v e r t h i s m a y be , m e a s u r e s have to be t a k e n to be t a k e n to p r e v e n t 
t h e s p r e a d of S a l m o n e l l a by t h i s r o u t e . It w i l l b e a t t e m p t e d in t h i s p a p e r 
t o r e v i e w t h e m e a s u r e s s o f a r t a k e n o r s u g g e s t e d f o r t h i s p u r p o s e and t o 
e v a l u a t e t h e p r o s p e c t s f o r t he u s e of i on iz ing r a d i a t i o n f o r t h i s s p e c i f i c 
o b j e c t . 

L O G I S T I C S O F B A C T E R I C I D A L T R E A T M E N T S IN G E N E R A L 

It h a s b e e n a po in t of d i s c u s s i o n w h e t h e r t h e c o r r e c t i v e m e a s u r e s 
n e c e s s a r y t o d e c o n t a m i n a t e i n f e c t e d r a w m a t e r i a l s s h o u l d b e t a k e n in t h e 
p r o d u c i n g a r e a s o r in t h e r e g i o n w h e r e t h e p r o d u c t s a r e i m p o r t e d o r i n -
c o r p o r a t e d in m i x e d f e e d s . 

R e c o m m e n d a t i o n s both of t he I n t e r n a t i o n a l C o m m i t t e e f o r the P r e v e n t i o n 
of E p i z o o t i c s [13] and of a W o r l d Hea l th O r g a n i z a t i o n p a n e l [14] s u g g e s t e d 
t h a t , in p r i n c i p l e , e v e r y a r e a s h o u l d p r e v e n t l a r g e - s c a l e s p r e a d of f o o d -
b o r n e d i s e a s e by d e c o n t a m i n a t i n g i t s own i n f e c t e d c o m m o d i t i e s b e f o r e 
s h i p p i n g t h e m e l s e w h e r e . T h i s s u g g e s t i o n h a s c e r t a i n l y t o b e f o l l o w e d in 
t h e c a s e of a n i m a l f e e d s w h i c h e n t e r c h a n n e l s of t r a n s p o r t a t i o n and c o m -
m e r c e in e n o r m o u s v o l u m e s and which can t h e r e b y obv ious ly do qu i te s o m e 
h a r m t o s h i p s , p o r t s , u n l o a d i n g f a c i l i t i e s , d o c k s , s t o r e r o o m s , t r u c k s , 
c a r t s e t c . ( Z W A R T [15]) . I t s e e m s t h e r e f o r e t o b e o b v i o u s t h a t , a s f a r 
a s l o g i s t i c s i s c o n c e r n e d , i t should be m a d e a p r i n c i p l e tha t p r o d u c i n g a r e a s 
t a k e c a r e of t h e i r own c o n t a m i n a n t s by p r o p e r p r e v e n t i o n a n d / o r e l i m i n a t i o n 
t e c h n i q u e s . H o w e v e r , t h i s m a y f o r a long p e r i o d of t i m e be a v e r y d i f f i cu l t 
t a s k f o r c e r t a i n c o u n t r i e s , b e c a u s e t h e y o f t e n l a c k t h e f a c i l i t i e s t o s u b j e c t 
t h e i r p r o d u c t s e i t h e r to s u i t a b l e p r o c e s s i n g o r t o an adequa te t e r m i n a l t r e a t -
m e n t - t h e r m a l o r o t h e r . C e r t a i n a r e a s w i l l d e f i n i t e l y n e e d e f f i c i e n t h e l p 
if t h e y wi l l e v e r h a v e to be ab le t o m a n u f a c t u r e p r o d u c t s of a c c e p t a b l e s a n i -
t a r y qua l i t y . 
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E v e n a f t e r s u c h t r e a t m e n t s h a v e o n c e b e e n i n t r o d u c e d , i m p o r t e r s and 
m a n u f a c t u r e r s of f e e d s wi l l s t i l l h a v e a t w o - f o l d r e s p o n s i b i l i t y , v i z . (i) to 
c h e c k on t h e e f f i c a c y of t h e d e c o n t a m i n a t i n g m e a s u r e s t a k e n b y t h e i r s u p -
p l i e r s of r a w m a t e r i a l s by a p p l y i n g p r o p e r t e c h n i q u e s f o r b a c t e r i o l o g i c a l 
e x a m i n a t i o n ( O L I V E I R A [16]; M O S S E L , E I J G E L A A R a n d H E N S E L [17]) ; 
(ii) in t h e c a s e s w h e r e t h e p r o d u c t s n e v e r t h e l e s s a p p e a r d a n g e r o u s l y c o n -
t a m i n a t e d t o d e t e r m i n e w h a t t y p e of p r o c e s s i n g s h o u l d b e a p p l i e d t o s u c h 
l o t s (van d e r S C H A A F [7]). 

P R O C E D U R E S SO F A R R E A L I Z E D 

It w a s o f t e n f e l t t h a t t h e a s p e c t s d e a l t w i t h in t h e end of t h e s e c t i o n 
a b o v e a r e of s u f f i c i e n t i m p o r t a n c e t o p u b l i c h e a l t h t o m e r i t g o v e r n m e n t a l 
c o n t r o l . B e c a u s e c o n t a m i n a t e d r a w m a t e r i a l s and r e c o n t a m i n a t e d h e a t -
t r e a t e d p r o d u c t s h a v e b e e n p l a g u i n g v a r i o u s g o v e r n m e n t s f o r a l o n g t i m e 
b e f o r e m u c h s c i e n c e cou ld b e a p p l i e d t o t h e p r o b l e m in g e n e r a l , v a r i o u s 
c o u n t r i e s h a v e t a k e n ad hoc m e a s u r e s t o b a n t h e s p r e a d of S a l m o n e l l a a n d 
s i m i l a r b a c t e r i a v i a t h i s r o u t e . 

T h e o l d e s t l e g a l m e a s u r e s a r e t h e D a n i s h o n e s ( W O L D I K E N I E L S E N 
[18], M Ü L L E R [19], E i n f u h r v e r b o t [20]). Wi thou t d i f f e r e n t i a t i o n b e t w e e n 
c o n t a m i n a t e d and sound m a t e r i a l s , a l l such p r o d u c t s a r e to be " r e s t e r i l i z e d " 
w h e n a r r i v i n g in t h e c o u n t r y . In s p i t e of t h e f a c t t h a t a p p l i c a t i o n of a s u i t -
ab le b a c t e r i c i d a l h e a t t r e a t m e n t t o d r y goods i s a f a r f r o m s i m p l e p r o c e d u r e 
(WINKLE and ADAM [6]), s u c h a s y s t e m h a s a l s o b e e n a d v o c a t e d by s o m e 
c i r c l e s i n T h e N e t h e r l a n d s ( B E R G S M A [21], C L A R E N B U R G [22]) . S u c h 
an a p p r o a c h h a s , h o w e v e r , f o r v a r i o u s r e a s o n s b e e n r e j e c t e d b y o t h e r s 
(ZWART [15]; van d e r SCHAAF, van Z I J L and HAGENS [23]). So f a r in t h a t 
c o u n t r y it h a s only b e e n app l ied t o the obv ious ly m o r e d a n g e r o u s d e r i v a t i v e s 
of w a r m - b l o o d e d a n i m a l s ( S a l m o n e l l o s e [24]). 

G e r m a n y , f o l l o w i n g B I S C H O F F te s u g g e s t i o n [3], a l s o i s s u e d a s e r i e s of 
l a w s on t h e i m p o r t a t i o n of a n i m a l f e e d s t u f f s ( V e r o r d n u n g [ 2 5 ] ) . A l l s u c h 
p r o d u c e (i) h a s t o h a v e b e e n s u b j e c t e d t o an a d e q u a t e h e a t t r e a t m e n t in t h e 
c o u n t r y of o r ig in ; (ii) on a r r i v a l in the count ry of des t ina t ion h a s to be t e s t e d 
f o r t h e p r e s e n c e of S a l m o n e l l a , and only t h o s e l o t s found t o b e " f r e e " f r o m 
t h e s e o r g a n i s m s c a n b e i m p o r t e d . L o t s not s a t i s f y i n g t h e s e r e q u i r e m e n t s 
h a v e t o b e " r e s t e r i l i z e d " o r b e r e f u s e d . B e l g i u m h a s a d o p t e d a s i m i l a r 
s y s t e m ( A r r ê t é R o y a l [26]). H o w e v e r , m a n y i n a c c u r a c i e s a r e i n v o l v e d in 
a p p l y i n g S a l m o n e l l a t e s t s on ly t o s u c h g o o d s . 

F i r s t of a l l . S a l m o n e l l a m a y b e s o u n e v e n l y d i s t r i b u t e d o v e r a c o n -
s i g n m e n t t h a t a n e g a t i v e o u t c o m e of one o r m o r e of t h e c u r r e n t t e s t s l a c k s 
a l l s i g n i f i c a n c e (RÜHR [9]). A l s o , t h e d e t e c t i o n of S a l m o n e l l a m a y b e 
s e r i o u s l y h a m p e r e d by t h e s i m u l t a n e o u s p r e s e n c e of l a r g e n u m b e r s of r e -
l a t e d e n t e r i c o r g a n i s m s w h i c h i n t e r f e r e w i t h t h e e n r i c h m e n t a n d p l a t i n g 
t e c h n i q u e s g e n e r a l l y u s e d f o r t h i s p u r p o s e (WINKLE, ROHDE and BISCHOFF 
[27]) - p r o b l e m s n e v e r e n c o u n t e r e d , f o r i n s t a n c e , in v e t e r i n a r y i n s p e c t i o n 
of f r e s h m e a t s w h e r e t h e p r o d u c t u n d e r e x a m i n a t i o n i s e i t h e r i n f e c t e d w i t h 
p a t h o g e n i c E n t e r o b a c t e r i a c e a e o r c o n t a i n s n o n e a t a l l . F i n a l l y , e v e n if 
S a l m o n e l l a a r e r e a l l y a b s e n t b u t o t h e r E n t e r o b a c t e r i a c e a e p r e s e n t , t h i s 4 
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s t i l l l e a v e s t h e p o s s i b i l i t y open f o r t h e p r e s e n c e of Sh ige l l ae o r e n t e r i c 
v i r u s e s (MOSSEL [28]). T h e r e f o r e , i t h a s b e e n r e c o m m e n d e d t h a t a s long 
a s an a d e q u a t e p r e v e n t i v e a p p r o a c h t o s a f e g u a r d i n g t h i s t y p e of p r o d u c t i s 
not y e t p o s s i b l e , t e s t s app l i ed to i n f ec t ed p r o d u c t s shou ld b e such t h a t t h e i r 
o u t c o m e i s of p o t e n t i a l s i g n i f i c a n c e too , r a t h e r t h a n of a c t u a l s i g n i f i c a n c e 
only. A t e s t f o r E n t e r o b a c t e r i a c e a e in g e n e r a l with t h e s a m e o r d e r of s e n s i -
t i v i t y a s t h e p r o c e d u r e s g e n e r a l l y u s e d f o r t h e i s o l a t i o n of S a l m o n e l l a 
f r o m f o o d s h a s b e e n s u g g e s t e d f o r t h i s p u r p o s e (MOSSEL, VISSER and 
C O R N E L I S S E N [29]). 

It g o e s wi thout s a y i n g tha t t h e s e a n a l y t i c a l d i f f i c u l t i e s p r e s e n t t h e m -
s e l v e s a l s o , a l b e i t t o a l e s s e r e x t e n t , in t h e c o n t r o l of " r e s t e r i l i z a t i o n " 
p l a n t s . T h i s h a s o f t e n b e e n o v e r l o o k e d by t h e p r o p o n e n t s of s u c h a s y s t e m 
f o r t h e p r e v e n t i o n of t h e s p r e a d of s a l m o n e l l o s i s by c o n t a m i n a t e d b u l k 
m a t e r i a l s . 

A r a t h e r s a t i s f a c t o r y s e l e c t i v e a p p r o a c h aga in b a s e d on t h e e a r l y s u g -
g e s t i o n s of B ISCHOFF [3] ha s been in t roduced by T h e N e t h e r l a n d s ' M a r k e t i n g 
Au tho r i t y f o r F e e d s (Heal th R e q u i r e m e n t s [30]). In t h i s s y s t e m the p r o d u c t s 
o f f e r e d f o r i m p o r t a t i o n m u s t a g a i n b e c e r t i f i e d a s h a v i n g b e e n p r o p e r l y d e -
c o n t a m i n a t e d and, in s p i t e of t h i s , a r e e x a m i n e d f o r the a b s e n c e of Sa lmone l l a . 
If t h i s cond i t i on a p p e a r s t o b e r e p e a t e d l y f u l f i l l e d by a g iven m a n u f a c t u r e r , 
s u c h p r o d u c t s c a n h e n c e f o r t h b e i m p o r t e d w i t h o u t a n y f u r t h e r o b s t a c l e s , 
e x c e p t c l e a r l y a r o u t i n e c h e c k a p o s t e r i o r i . H o w e v e r , if a g iven p r o d u c t i o n 
c e n t r e c o n t i n u o u s t o t u r n out c o n t a m i n a t e d g o o d s , e v e r y g i v e n lo t w i l l b e 
a l l owed in t h e c o u n t r y only a f t e r i t h a s a p p e a r e d t o b e " f r e e f r o m " S a l m o n e l l a 
on r a t h e r i n t e n s i v e a p r i o r i s a m p l i n g . 

P R O S P E C T S F O R T H E USE O F R A D I A T I O N IN P R O D U C I N G A R E A S 

It h a s b e c o m e c l e a r f r o m A m e r i c a n i n v e s t i g a t i o n s on the u s e of ion iz ing 
r a d i a t i o n f o r t h e e l i m i n a t i o n of S a l m o n e l l a f r o m d e h y d r a t e d e g g p r o d u c t s 
t h a t a d o s e of t h e o r d e r of 7 t o 10X1№ r a d wi l l r e d u c e t h e in i t i a l S a l m o n e l l a 
c o n t a m i n a t i o n of t h i s t y p e of p r o d u c t w i t h a f a c t o r of t h e o r d e r 10"7 

(NICKERSON e t a l . [31]). E x p e r i m e n t s c a r r i e d out wi th f i s h and blood m e a l 
by van d e r SCHAAF and MOSSEL [32] e n t i r e l y c o n f i r m t h e s e r e s u l t s . H e n c e 
i t - m a y b e e x p e c t e d t h a t s u c h an i r r a d i a t i o n t r e a t m e n t c a n b e u s e d in p r a c -
t i c e t o d e c o n t a m i n a t e f i s h m e a l , b lood m e a l and s i m i l a r p r o d u c t s . Such 
a p r o c e s s m a y b e c a l l e d r a d i a t i o n s a n i t a t i o n . 

G a m m a i r r a d i a t i o n wi l l b e t h e o b v i o u s c h o i c e in t h i s c a s e , a s t h i s c an 
b e a p p l i e d t o t h e g o o d s p a c k e d in f i n i s h e d cond i t ion in i m p e r v i o u s b a g s . A 
p i l o t p l a n t t r i a l w i t h a c o b a l t s o u r c e of s u f f i c i e n t i n t e n s i t y s e e m s t h e r e f o r e 
w e l l i n d i c a t e d ( INGRAM and RHODES [33]). 

P r o p e r a t t e n t i o n s h o u l d b e pa id in s u c h t r i a l s t o t h e r i s k of i m p a i r i n g 
t h e n u t r i t i v e v a l u e o r w h o l e s o m e n e s s of t h e i r r a d i a t e d f e e d c o m p o n e n t s . 
O u r own e x p e r i m e n t s (van d e r SCHAAF and M O S S E L [32]) r e v e a l e d no l o s s 
of a v a i l a b l e l y s i n in any of the p r o t e i n a c e o u s f e e d s i r r a d i a t e d a t a l e v e l 
< 1 M r a d al though a s l igh t i n c r e a s e in the p e r o x i d e va lue of the l ip ids p r e s e n t 
in f i s h m e a l ( K i E I L [ 3 4 ] ) w a s no t i ced . 

T h e quès t ion of how to eva lua t e the b a c t e r i c i d a l e f f i c i e n c y of 7 - i r r a d i a t i o n 
i n t h i s c a s e a g a i n p o s e s i t s e l f i m m e d i a t e l y h e r e . A s t h e v a r i o u s E n t e r o -
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b a c t e r i a c e a e e n c o u n t e r e d in r a w f e e d s and foods show a l m o s t t he s a m e o r d e r 
of r e s i s t a n c e a g a i n s t v a r i o u s d e s t r u c t i v e a g e n t s ( M O S S E L [35]), i t s e e m s 
p r e f e r a b l e t o u s e , g e n e r a l l y , b a t c h e s of n a t u r a l l y c o n t a m i n a t e d r a w p r o d u c t s 
and t o e s t i m a t e the r e d u c t i o n of t o t a l E n t e r o b a c t e r i a c e a e by a. r e l i a b l e t e c h -
n i q u e (MOSSEL and de BRUIN [36]; M O S S E L [37]; M O S S E L , M E N G E R I N K 
and S C H O L T S [38]) r a t h e r t h a n t o r e l y on t h e m o r e o r l e s s c u m b e r s o m e 
t y p e of t e s t w i t h a r t i f i c i a l l y i n o c u l a t e d , p r e - p a s t e u r i z e d r a w m a t e r i a l s 
(van d e r SCHAAF, v a n Z I J L and HA GENS [23]). Howeve r , a f ew m o d e l t e s t s 
w i th p r o d u c t s a r t i f i c i a l l y i n f e c t e d wi th r e l a t i v e l y h y p e r r e s i s t a n t o r g a n i s m s 
m i g h t h a v e t o b e c a r r i e d out b e f o r e t h e p r o c e s s wi l l b e a c c e p t a b l e t o h e a l t h 
a u t h o r i t i e s . 

Nex t , i t s e e m s l e g i t i m a t e to p r e v e n t , r i g h t f r o m the beg inn ing , r e l i a n c e , 
by p r o d u c e r s who w i l l a p p l y t e r m i n a l r a d i a t i o n s a n i t a t i o n e n t i r e l y on t h i s 
c o r r e c t i v e t r e a t m e n t and n e g l e c t of m o s t of t he c u r r e n t m e a s u r e s of f a c t o r y 
s a n i t a t i o n and p r e v e n t i o n of m i c r o b i a l p r o l i f e r a t i o n . As a l r e a d y i n d i c a t e d 
e a r l i e r , a c e r t a i n d e g r e e of c o n t a m i n a t i o n of t h e r a w m a t e r i a l h a s t o b e 
a c c e p t e d , g iven (i) t h e o f t en r a t h e r p o o r hyg ien ic s t a t e in which the a n i m a l s , 
i n c l u d i n g f i s h ( F L O Y D and J O N E S [39]; G U L A S E K H A R A M e t a l . [40]) m a y 
r e a c h the f a c t o r y ; (ii) the high h u m a n c a r r i e r r a t e in s o m e of the p r o d u c i n g 
a r e a s (HUGHES [41]). : H o w e v e r , p r e v e n t a b l e c o n t a m i n a t i o n and s u b s e q u e n t 
m i c r o b i a l p r o l i f e r a t i o n in t h e g o o d s h a s t o b e c o n t r o l l e d . T h i s m a y be a t -
t e m p t e d by lay ing down a m a x i m u m t o l e r a n c e f o r a d i r e c t m i c r o s c o p i c count , 
b e c a u s e d a n g e r o u s l y c o n t a m i n a t e d r a w p r o d u c t s in t h e p a s t m o s t l y s h o w e d 
h igh t o t a l c o u n t s a s w e l l (MOSSEL, E I J G E L A A R and H E N S E L [17]). 

F i n a l l y , t h e q u e s t i o n of how t o r e a l i z e a f i r s t p i l o t - p l a n t - s i z e e x p e r i -
m e n t a l t r i a l and l a t e r a f u l l - s c a l e a p p l i c a t i o n in a p r o d u c i n g a r e a m a y b e 
b r i e f l y c o n s i d e r e d . A s i s g e n e r a l l y a c c e p t e d n o w a d a y s ( M O S S E L [42]; 
LUMSDEN [43]), t h i s wi l l r e q u i r e a t w o - s t e p p r o c e d u r e . In t h e in i t i a l s i t u -
a t i o n a f o r e i g n s c i e n t i s t w i l l m o s t p r o b a b l y h a v e t o d e s i g n a n d s u p e r v i s e 
such a p i l o t - p l a n t e x p e r i m e n t . S imul t aneous ly , fu l l a t ten t ion should be given 
h o w e v e r , t o t h e p o s t g r a d u a t e o r , if p o s s i b l e , p o s t d o c t o r a l t r a i n i n g of s u i t -
a b l e l o c a l b a c t e r i o l o g i s t s . U l t i m a t e l y t h e p i l o t - p l a n t r e s e a r c h and , a s i t 
i s h o p e d , b a c t e r i o l o g i c a l s u p e r v i s i o n of t h e r a d i a t i o n t r e a t m e n t on a 
t e c h n i c a l s c a l e w i l l n e c e s s a r i l y b e c a r r i e d out by s u c h l o c a l e x p e r t s . How-
e v e r , n o t h i n g s e e m s t o s p e a k a g a i n s t a m o r e p e r m a n e n t " t w i n n i n g " of r e -
s e a r c h o r g a n i z a t i o n s in t h e p r o d u c i n g a r e a a n d a s u i t a b l e c o u n t r y w h i c h 
a r e b o t h i n t e r e s t e d in t h e s u b j e c t of r a d i a t i o n s a n i t a t i o n . 
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Abstract — Résumé — Аннотация — Resumen 

REGULATIONS ON THE SANITARY CONTROL OF IMPORTED EGG PRODUCTS AND FEEDING STUFFS 
IN THE FEDERAL REPUBLIC OF GERMANY. The federal law and the regulations of the different states of the 
Federal Republic of Germany concerning the sanitary control of imported egg products and feeding stuffs are 
reviewed. 

RÈGLEMENT CONCERNANT'LE CONTRÔLE DE LA SALUBRITÉ DES IMPORTATIONS D'ALIMENTS POUR 

ANIMAUX ET DE PRODUITS A BASE D'CEUFS DANS LA RÉPUBLIQUE FÉDÍRÁLE D'ALLEMAGNE. L'auteur 

examine la législation fédérale e t les règlements des différents Etats de la République fédérale d 'Al lemagne 

en ce qui concerne le contrôle de la salubrité des importations d 'al iments pour animaux et de produits à base 

d 'œufe. 

ПРАВИЛА САНИТАРНОГО КОНТРОЛЯ ИМПОРТИРУЕМЫХ ИЗДЕЛИЙ ИЗ ЯИЦ И КОРМОВ В ФЕДЕРАТИВНОЙ РЕСПУБ-
ЛИКЕ ГЕРМАНИИ. Рассматриваются федеральный закон и правила различных земель федеративной Рес-
публики Германии, касающиеся санитарного контроля импортируемых изделий из яиц и кормов. 

NORMAS QUE RIGEN EL CONTROL SANITARIO DE LOS HUEVOS Y PRODUCTOS DERIVADOS Y DE LOS 
FORRAJES IMPORTADOS EN LA REPÚBLICA FEDERAL DE ALEMANIA. La memoria revisa las leyes federales y 
los reglamentos de los diversos territorios de la República Federal de Alemania relativos al control sanitario de 
los huevos y productos derivados y los forrajes importados. 

Since t h e y e a r 1956 a s e r i e s of s p e c i a l l a w s c o n c e r n i n g t h e s a n i t a r y 
c o n t r o l of i m p o r t e d egg p r o d u c t s and f e e d s t u f f s h a s b e e n i s s u e d in t h e 
F e d e r a l Republ ic of G e r m a n y . T h e s a n i t a r y s u p e r v i s i o n of i m p o r t e d m e a t 
and m e a t p r o d u c t s and o ther p r o d u c t s of an imal or ig in is genera l ly r egu la t ed 
by the new Meat Inspect ion Law, 1960. 

F o r egg p r o d u c t s a f e d e r a l law, the s o - c a l l e d "Regula t ions f o r P r o t e c -
t i o n a g a i n s t I n f e c t i o n s t h r o u g h G e r m s of t h e S a l m o n e l l a G r o u p in E g g 
P r o d u c t s " , was i s s u e d in 1956. F o r i m p o r t e d a n i m a l f e e d s t u f f s no f e d e r a l 
l a w s e x i s t s , and the s ing le s t a t e s of the F e d e r a l Republ ic of G e r m a n y have 
t h e i r own r e g u l a t i o n s . The f i r s t of t h e s e r egu la t ions was i s sued in the s t a t e 
H a m b u r g in 1958; t h e r e g u l a t i o n s of t h e o t h e r s t a t e s a r e s i m i l a r t o t h i s . 

A c c o r d i n g t o t h e s e r e g u l a t i o n s , it i s g e n e r a l l y f o r b i d d e n to put on t h e 
m a r k e t egg p r o d u c t s and f e e d s t u f f s which have not b e e n p r e - t r e a t e d s u f -
f ic ient ly . "Sufficient p r e - t r e a t m e n t " in the s e n s e of t h e s e regu la t ions means 
p r o c e s s e s by which t h e b a c t e r i a of the Sa lmone l l a g roup and a l so t h e o t h e r 
b a c t e r i a of t he g roup of E n t e r o b a c t e r i a c e a e in t h e p r o d u c t s a r e d e s t r o y e d . 
The i m p o r t e d p r o d u c t s should be s u b j e c t e d to an adequa t e t r e a t m e n t in t h e 
c o u n t r y of o r i g i n and shou ld b e a c c o m p a n i e d by s a n i t a r y c e r t i f i c a t e s . On 
a r r i v a l in G e r m a n y , t h e p r o d u c t s a r e t o be t e s t e d f o r t h e p r e s e n c e of Sa l -
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m o n e l l a and o t h e r E n t e r o b a c t e r i a c e a e . Only t h o s e l o t s found to be f r e e f r o m 
t h e s e o r g a n i s m s a r e a l lowed t o b e i m p o r t e d . P r o d u c t s which do not s a t i s f y 
t h e s e r e q u i r e m e n t s m u s t be h e a t - t r e a t e d o r ' s t e r i l i z e d in o t h e r ways o r have 
t o b e r e f u s e d . 

T h e s e r e g u l a t i o n s h a v e b e e n a good i n s t r u m e n t f o r an e f f e c t i v e c o n t r o l 
of i m p o r t s . A s a r e s u l t , t h e l e v e l of i n f e c t i o n , e . g . of S a l m o n e l l a in e g g 
p r o d u c t s w h i c h a re - on t h e m a r k e t , i s now r e l a t i v e l y l o w . B e f o r e t h e 
r e g u l a t i o n s w e r e pu t i n to f o r c e , we f o u n d i n f e c t i o n s in a b o u t 1 5 - 2 0 % of a l l 
s a m p l e s e x a m i n e d . D u r i n g r e c e n t y e a r s the f r e q u e n c y of i n fec t ion h a s b e e n 
not g r e a t e r t h a n 1 - 2 % . 

F r o m t h e i m p o r t e d f e e d s t u f f s , e s p e c i a l l y f e e d i n g m a t e r i a l s l i k e f i s h 
flours, a l a r g e p a r t m u s t b e r e s t e r i l i z e d b y h e a t , w h i c h n a t u r a l l y c a u s e s 
s u b s t a n t i a l l o s s e s of n u t r i t i v e v a l u e . 

P r i n c i p a l l y , t h e s e r e g u l a t i o n s a r e m a d ë with the v iew of i m p o r t c o n t r o l . 
D u r i n g r e c e n t y e a r s t h e s i t u a t i o n h a s b e e n chang ing i n t h e c a s e of egg p r o d -
u c t s . S o m e y e a r s ago n e a r l y t h e w h o l e d e m a n d f o r e g g p r o d u c t s w a s i m -
p o r t e d , and only 10% of t h e who le c o n s u m p t i o n w a s p r o d u c e d in t h e c o u n t r y . 
T o d a y t h e t h e quan t i ty of h o m e - p r o d u c e d egg p r o d u c t s h a s i n c r e a s e d r a p i d l y . 
It i s t o b e e x p e c t e d t h a t d u r i n g t h e n e x t y e a r s t h e horned-produced s u p p l i e s 
m a y b e s u f f i c i e n t f o r m o r e t h a n hal f of t h e who le c o n s u m p t i o n . T h e h o m e -
p r o d u c t s a r e m o s t l y f r o z e n w h o l e e g g s , w h i c h a r e m a d e f r o m c r a c k e d o r 
s e c o n d - g r a d e s h e l l e g g s o r f r o m t h é s u r p l u s of t h e m a r k e t in f i r s t - g r a d e 
s h e l l e g g s . San i ta ry- s u p e r v i s i o n of h o m e - p r o d u c e d e g g p r o d i i c t s t h r o u g h 
n o r m a l v e t e r i n a r i a n i n s p e c t i o n i s n e i t h e r e f f e c t i v e n o r s a t i s f a c t o r y a t 
p r e s e n t . T h e r e f o r e , an i m p r o v e m e n t of e g g - p r o d u c t r e g u l a t i o n s i s b e i n g 
d i s c u s s e d . 

A l l G e r m a n a u t h o r i t i e s c o n c e r n e d w i t h t h i s p r o b l e m a g r e e t h a t m a n y 
d i f f i c u l t i e s could be avoided if an e f f e c t i v e and e c o n o m i c s t e r i l i z a t i o n me thod 
w e r e appl ied t o a l l p r o d u c t s which m a y be in fec ted by s a l m o n e l l a e . 



SANITARY CONTROL OF IMPORTED EGG PRODUCTS 
IN ITALY 
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. Abstract — Résumé — Аннотация — Resumen 

SANITARY CONTROL OF IMPORTED EGG PRODUCTS IN ITALY. The order of the Italian Ministry of 
Public Health concerning sanitary control on imported egg products and the regulations governing import of 
feeding stuffs are described. 

CONTROLE DE LA SALUBRITE DES PRODUITS A BASE D'ŒUFS IMPORTÉS EN ITALIE. L'auteur examine 

l ' a r rê té du Ministère i ta l ien de la santé publique relatif au contrôle de la salubrité des produits importés à 

base d'oeufs et donne un aperçu des prescriptions régissant l ' impor ta t ion des al iments pour an imaux . 

САНИТАРНЫЙ КОНТРОЛЬ ИМПОРТИРУЕМЫХ,ИЗДЕЛИЙ ИЗ ЯИЦ'В ИТАЛИИ. Описываются распоряжение Мини-
стерства общественного здравоохранения Италии относительно санитарного контроля импортируемых 
изделий из яиц и правила, регулирующие импорт кормов-

CONTROL SANITARIO DÈ LOS HUEVOS Y PRODUCTOS DERIVADOS IMPORTADOS EN ITALIA. Lp 

memoria describe la legislación establecida por el Ministerio de Salud Pública de Italia para el control 'de los 

productos de huevo importados, así como los reglamentos que rigen l a impor tac ión de forrajes . 

T h e o r d e r of t h e I t a l i an M i n i s t r y of P u b l i c H e a l t h ( D e p a r t m e n t of 
V e t e r i n a r y Serv ice) , da ted 25 Sep t ember 1957, c o n c e r n i n g s a n i t a r y c o n t r o l 
of i m p o r t e d egg p r o d u c t s ( f r o z e n eggs , d e h y d r a t e d eggs, o r eggs p r e p a r e d 
in v a r i o u s ways ) , c o n t a i n s t h e fo l lowing r e l e v a n t p a r a g r a p h s : 

A R T I C L E 1 - ' 

E g g p r o d u c t s (whole egg, yolk, a lbumen) , f r o z e n , d e h y d r a t e d o r p r e -
p a r e d in v a r i o u s ways and des t ined f o r human consumpt ion , can be impor t ed 
in to I t a l i an t e r r i t o r y only wi th t h e a u t h o r i z a t i o n of t h e I t a l i an M i n i s t r y of 
P u b l i c H e a l t h . • -

• The Sta te V e t e r i n a r y I n s p e c t o r s at f r o n t i e r s , p o r t s and a i r p o r t s v e r i f y 
t h a t t h e hyg ien ic c h a r a c t e r i s t i c s of such p r o d u c t s a r e t h o s e e s t a b l i s h e d by 
t h e above o r d e r and a u t h o r i z a t i o n of t h e M i n i s t r y of P u b l i c H e a l t h . 

A R T I C L E 2 

To be i m p o r t e d into I taly the p r o d u c t s s p e c i f i e d above m u s t be a c c o m -
pan ied by s a n i t a r y c e r t i f i c a t e s i s s u e d by the G o v e r n m e n t óf t h e c o u n t r y of 
o r i g i n . T h e s e c e r t i f i c a t e s m u s t not be i s s u e d e a r l i e r t h a n twe lve m o n t h s 
b e f o r e the a r r i v a l of the p r o d u c t s in Italy and m u s t ind ica te the t r a d e m a r k 

71 



72 D. MASSA 

of t h e f i r m f r o m which the p r o d u c t s o r i g i n a t e . T h e s e c e r t i f i c a t e s m u s t a l so 
s t a t e 

(1) T h e s p e c i e s of t h e b i r d s w h o s e e g g s h a v e b e e n u s e d f o r t h e m a n u -
f a c t u r e of t h e p r o d u c t ; 

(2) t h e b a c t e r i a l c o n t e n t p e r g r a m of t h e p r o d u c t and t h e c o l i t i t r e ; 
(3) t h e p o s s i b l e a d d i t i o n t o the p r o d u c t of s u g a r , s a l t o r o t h e r s u b -

s t a n c e s (wi th p e r c e n t a g e ) ; 
(4) t h e a b s e n c e of p a t h o g e n i c m i c r o - o r g a n i s m s in t h e p r o d u c t ; 
(5) t h a t t h e p r o d u c t h a s not b e e n t r e a t e d wi th a n t i b i o t i c s and o t h e r s 

a d d i t i v e s ; 

(6) t h a t t h e p r o d u c t i s f i t f o r a l l k i n d s of h u m a n c o n s u m p t i o n . 

A R T I C L E 3 

E g g p r o d u c t s w h i c h a r e i m p o r t e d f o r p u r p o s e s o t h e r t h a n h u m a n c o n -
s u m p t i o n m u s t be t r e a t e d in such way as to m a k e t h e m comple t e ly accep tab l e 
for : h u m a n c o n s u m p t i o n . T h e p r o d u c t s a r e i n s p e c t e d upon e n t r y in I t a ly by 
t h e S t a t e V e t e r i n a r y I n s p e c t o r s . 

I n s t r u c t i o n No . 110 of t h e M i n i s t r y of P u b l i c H e a l t h ( D e p a r t m e n t of 
V e t e r i n a r y S e r v i c e s ) , d a t e d 17 Augus t 1960, s t a t e s t h e fo l lowing c o n c e r n i n g 
t h e b a c t e r i a l conten t of i m p o r t e d egg p r o d u c t s in tended f o r human consumpt ion : 

(1) A b s e n c e of p a t h o g e n i c m i c r o - o r g a n i s m s and of s t a p h y l o c o c c i c and 
e n t e r o t o x i c t o x i n e s in t h e p r o d u c t 

(2) N o n - s p e c i f i c m i c r o - o r g a n i s m s 
in f r o z e n eggs s h a l l be no m o r e than 500 000 b a c t e r i a and 100 coli p e r g r a m ; 
in d r i e d e g g s s h a l l b e no m o r e t h a n 150 000 b a c t e r i a and 50 col i p e r g r a m . 

I n s t r u c t i o n N o . 1 of t h e M i n i s t r y of P u b l i c H e a l t h ( D e p a r t m e n t of 
V e t e r i n a r y S e r v i c e s ) of 2 J a n u a r y 1961 g ives d e t a i l e d i n s t r u c t i o n s a s to t h e 
b a c t e r i o l o g i c a l a n a l y s i s of i m p o r t e d e g g p r o d u c t s i n t e n d e d f o r h u m a n c o n -
s u m p t i o n ; a l s o t h e m e t h o d of s a m p l i n g i s d e s c r i b e d in d e t a i l . 

C o n c e r n i n g s a n i t a r y c o n t r o l of i m p o r t e d f e e d i n g s t u f f s , i t s h o u l d b e 
m e n t i o n e d t h a t t h e M i n i s t r y ôf P u b l i c H e a l t h V e t e r i n a r y R e g u l a t i o n s , a p -
p r o v e d by D e c r e e of t h e P r e s i d e n t of t h e R e p u b l i c on 8 F e b r u a r y 1954 
(No. 320) , s t a t e s in A r t i c l e 56: 

F i s h m e a l t o b e i m p o r t e d m u s t p a s s t h e s a n i t a r y c o n t r o l of t h e S t a t e 
V e t e r i n a r y I n s p e c t o r s a t t h e f r o n t i e r . M e a t m e a l , b o n e m e a l a n d b l o o d 
m e a l t o b e i m p o r t e d m u s t b e a c c o m p a n i e d b y s a n i t a r y c e r t i f i c a t e s i s s u e d 
b y t h e G o v e r n m e n t of t h e c o u n t r y of o r i g i n . T h e s e c e r t i f i c a t e s m u s t d e -
c l a r e t h a t t h e above p r o d u c t s h a v e b e e n s u b j e c t e d t o s t e r i l i z a t i o n t r e a t m e n t . 
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Abstract —• Résumé — Аннотация — Resumen 

REGULATIONS GOVERNING THE CONTROL OF SALMONELLAE IN FEED PRODUCTS IN DENMARK, AND 
A COMMENT ON THE USE OF RADIATION. The Danish Ministiy of Agriculture requires resterilization of al l 
imported m e a t , bone, blood and fish meals . At present this s ter i l izat ion consists of a rather severe hea t 
t r ea tmen t which leads to a considerable loss in the nutri t ive va lue of the products. 

Irradiation is considered as a promising al ternat ive. It has the advantage that the products will have 
a higher nutritive value than after heat treatment. This would justify a higher price for the radiation-treated 
commodi t ies . However, radiation e l iminat ion of Salmonella from feeding stuffs is not likely to be more 
costly than is hea t s ter i l izat ion. 

PRESCRIPTIONS RÉGISSANT LA DÉTECTION DES SALMONELLAE DANS LES ALIMENTS POUR ANIMAUX 

AU DANEMARK ET OBSERVATIONS SUR L'UTILISATION DES RAYONNEMENTS. Le Ministère danois d e 

l 'agriculture prescrit la re-stérilisation des poudres importées de viande, d'os, de sang et de poisson. Actuelle-

m e n t , c e t t e stérilisation consiste en un t ra i tement thermique assez rigoureux, qui ent rafhe une perte con-

sidérable de la valeur nutr i t ive des produits. 

On considère l ' i rradiation comme une méthode pleine de promesses. Son avantage est de garder aux 

produits alimentaires une valeur nutritive plus grande que ne le permet le traitement thermique, ce qui justi-

fierait un prix plus élevé pour les denrées traitées par rayonnements. Cependant, le traitement par irradiation 

ne sera probablement pas plus coflteux que la stérilisation thermique. 

ПРАВИЛА, РЕГУЛИРУЮЩИЕ КОНТРОЛЬ ЗАРАЖЕННОСТИ САЛМОНЕЛЛОЙ КОРМОВ В ДАНИИ, И ЗАМЕЧАНИЯ ПО ПОВО-
ДУ ИСПОЛЬЗОВАНИЯ ИЗЛУЧЕНИЙ. Министерство сельского хозяйства Дании требует проведения повторной 
стерилизации всей импортируемой мясной, костной, кровяной и рыбной муки. В настоящее время эта 
стерилизация заключается в более сильной термообработке, что приводит к значительному снижению 
питальной ценности продуктов. 

Облучение считается обещающим способом обработки. Преимущество этого метода заключается 
в том, что после такой обработки продукты будут иметь более высокую питальную ценность, чем после 
термообработки. Это дол*но оправдывать более высокие цены на продукты, обработанные облу-
чением. Однако уничтожение салмонеллы облучением в кормах, по-видимому, не будет более дорого-
стоящим, чем стерилизация при помощи термообработки. 

NORMAS SEGUIDAS EN DINAMARCA PARA EL CONTROL DE SALMONELLAE EN LOS FORRAJES Y CO-
MENTARIOS SOBRE EL EMPLEO DE RADIACIONES. El Ministerio d e Agricultura de Dinamarca exige que se 
vuelva a esterilizar toda la harina de came, de huesos, de sangre y de pescado que se importa. La esterili-
zación consiste ac tualmente en un tratamiento térmico bastante intenso que disminuye considerablemente el 
valor nutritivo de los productos. 

Se está estudiando la irradiación como medio para sustituir favorablemente este tratamiento. Tiene la 
ventaja de que el valor nutritivo de los productos será superior al que conservan después del tratamiento tér-
m i c o . Con e l lo se just i f icar ía un precio más e levado para los a l imentos irradiados. Sin embargo , no es 
probable que la e l iminac ión de las Sa lmonel lae por irradiación de los forrajes resulte más onerosa que l a 
ester i l ización térmica^ 

* Danish Meat Research Institute. 
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A s m e n t i o n e d in s e v e r a l of t h e s e p a p e r s , w e h a v e in D e n m a r k v e r y 
s t r i c t r e g u l a t i o n s f o r i m p o r t e d feed ing s t u f f s . T h e Danish M i n i s t r y of A g r i -
c u l t u r e r e q u i r e s a r e s t e r i l i z a t i o n of a l l i m p o r t e d m e a t m e a l s , bone m e a l s , 
b l o o d m e a l s and f i s h m e a l s and of o t h e r i m p o r t e d f e e d i n g s t u f f s c o n t a i n i n g 
t h e s e m e a l s . H o w e v e r , e x e m p t i o n s t o t h i s l a w h a v e b e e n g r a n t e d f o r f i s h 
m e a l f r o m N o r w a y and I c e l a n d s o t h a t f i s h m e a l f r o m t h e s e c o u n t r i e s c a n 
b e f r e e l y i m p o r t e d . 

T h e r e g u l a t i o n s p r e s c r i b e e x a c t l y how t o p e r f o r m t h e r e s t e r i l i z a t i o n . 
T h e p r o c e s s i s a s f o l l o w s : 

T h e s t e r i l i z a t i o n t a k e s p l a c e by m e a n s of s a t u r a t e d s t e a m . T h e s t e a m 
i s b lown in to t h e m e a l , wh ich h a s to be kep t u n d e r c o n s t a n t m e c h a n i c a l 
m o t i o n in a r e t o r t , t h e r e t o r t b e i n g f i l l e d only t o o n e - f i f t h of i t s c a p a c i t y . 
T h e t e m p e r a t u r e in t h e r e t o r t i s r a i s e d t o 125°C (1 .37 a t m o v e r p r e s s u r e ) 
in 15 m i n j and m a i n t a i n e d a t t h i s t e m p e r a t u r e f o r a t l e a s t 45 m i n . 

D e n m a r k h a s an annua l i m p o r t of about 20 000 t of m e a t and b o n e m e a l 
and about 25 OOOt of f i s h m e a l , t he l a t t e r , h o w e v e r , only b e i n g i m p o r t e d f r o m 
N o r w a y and I c e l a n d . T h e r e q u i r e d r e s t e r i l i z a t i o n p r o c e s s m e a n s a c o n -
s i d e r a b l e l o s s in t h e n u t r i t i v e v a l u e of t h e p r o d u c t s ; and , c o n s i d e r i n g t h e 
a m o u n t of i m p o r t e d m e a l s , t h i s m e a n s a s i g n i f i c a n t e c o n o m i c l o s s . F o r 
t h e s e r e a s o n s we a r e i n t e r e s t e d in f ind ing an a l t e r n a t i v e m e t h o d wh ich m a y 
g ive u s s i m i l a r a s s u r a n c e of the a b s e n c e of S a l m o n e l l a but at t he s a m e t i m e 
l e s s d e c r e a s e in t h e n u t r i t i v e va lue of the f e e d i n g s t u f f . 

B lood m e a l i s a f e e d i n g s tuf f of a h igh n u t r i t i v e v a l u e a s i t i s v e r y r i c h 
in p r o t e i n . In D e n m a r k the blood f r o m a b a t t o i r s i s t r e a t e d in v a r i o u s p l an t s 
t o p r o d u c e e i t h e r b l o o d a l b u m i n ( s p r a y - d r i e d b l o o d ) o r b l o o d m e a l . T h e 
c o m b i n e d annua l p r o d u c t i o n of t h e s e two p r o d u c t s i s on t h e o r d e r of 6000 t . 
T h e s a m e h e a t t r e a t m e n t a s a p p l i e d d u r i n g r e s t e r i l i z a t i o n i s r e q u i r e d f o r 
t h e p r o d u c t i o n of b lood m e a l , t h u s c a u s i n g c o n s i d e r a b l e l o s s e s in n u t r i t i v e 
v a l u e . M o s t of t h e b lood i s a t p r e s e n t so ld in t h e f o r m of a l b u m i n , wh ich 
i s u s e d a s an a d h e s i v e in t h e wood i n d u s t r y . H o w e v e r , f o r t h i s p u r p o s e t h e 
a l b u m i n wi l l soon b e c o m p l e t e l y r e p l a c e d by s y n t h e t i c m a t e r i a l s , and h e n c e 
t h e w h o l e p r o d u c t i o n w i l l b e t u r n e d i n t o b l o o d m e a l . T h i s w i l l m e a n t h e 
i n s t a l l a t i o n of m o r e hea t s t e r i l i z e r s in the blood t r e a t i n g p l an t s . Thus t h e r e 
i s a t w o - f o l d i n c i t e m e n t f o r t he in t roduc t ion of a new and m o r e len ien t s t e r i -
l i z a t i o n p r o c e s s . 

We th ink t h a t i r r a d i a t i o n m a y be t h e a n s w e r in t h e two c a s e s m e n t i o n e d 
above, e s p e c i a l l y in the c a s e of i m p o r t e d m e a l s ; and consequen t ly the Danish 
M e a t R e s e a r c h I n s t i t u t e h a s i n i t i a t ed a s t udy of t h e e f f e c t s of i r r a d i a t i o n on 
m e a t , b o n e and b lood m e a l . T h e a i m s in o u r i n v e s t i g a t i o n a r e t h e fo l lowing: 
(1) t o c o m p a r e the n u t r i t i v e va lue of t he m e a l s a f t e r h e a t t r e a t m e n t wi th tha t 
a f t e r i r r a d i a t i o n t r e a t m e n t ; (2) to c o m p a r e the p r i c e s of t he two p r o c e s s e s 
in o r d e r t o e s t a b l i s h t h e f e a s i b i l i t y of t h e i r r a d i a t i o n t r e a t m e n t ; and (3) t o 
e s t a b l i s h the d o s e n e c e s s a r y t o k i l l the Sa lmone l l a in t h e p r o d u c t s conce rned . 
I m a y add h e r e t ha t t he w o r k i s only at a v e r y p r e l i m i n a r y s t a g e and t h a t t he 
f i g u r e s quoted in t h e fo l lowing m u s t be t aken with r e s e r v a t i o n s . 

As a m e a s u r e f o r t h e p r o t e i n va lue we h a v e c h o s e n the amoun t of a v a i l -
a b l e l y s i n e in t h e m e a l a s d e t e r m i n e d by t h e m e t h o d of C A R P E N T E R [1 ]. 
It i s i n d i c a t e d t h a t r e s u l t s o b t a i n e d by t h i s c h e m i c a l m e t h o d c o r r e l a t e we l l 
w i th t h e p r o t e i n v a l u e a s d e t e r m i n e d in f e e d i n g e x p e r i m e n t s . We h a v e d e -
t e r m i n e d a v a i l a b l e l y s i n e in i r r a d i a t e d b l o o d a l b u m i n ( s p r a y - d r i e d b lood ) 
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and in b lood m e a l ( i . , e . , h e a t - t r e a t e d b lood a l b u m i n f r o m t h e s a m e b a t c h ) . 
T h e h e a t - t r e a t e d m a t e r i a l w a s f o u n d t o c o n t a i n 6 .2 g a v a i l a b l e l y s i n e p e r 
16 g N w h e r e a s t h e a l b u m i n c o n t a i n e d 8 .3 , 8 .4 , 8 .2 a n d 8 .3 g p e r 16 g N 
a f t e r d o s e s of 0, 0 .5 , 1 .0 and 5 .0 M r a d r e s p e c t i v e l y . T h u s , no l o s s e s 
s e e m e d t o o c c u r d u r i n g i r r a d i a t i o n t r e a t m e n t of t h e m e a l , n o t e v e n a t a 
d o s e a s h i g h a s 5 M r a d , w h e r e a s t h e h e a t t r e a t m e n t c a u s e d a c o n s i d e r a b l e 
l o s s in a v a i l a b l e l y s i n e (about 25%). 

T h e d o s e s n e e d e d f o r k i l l of S a l m o n e l l a w i l l b e e s t a b l i s h e d in e x p e r i -
m e n t s w h e r e m e a t and bone m e a l inocu la ted with s a l m o n e l l a e wi l l be s u b j e c t 
t o v a r i o u s d o s e s . We c o n s i d e r i t m o s t l i ke ly t h a t t h e e s t a b l i s h e d d o s e wi l l 
b e of t he o r d e r of 0 . 5 - 1 . 0 M r a d ; consequen t ly we have u s e d 0.5 and 1.0 M r a d 
in ou r f e a s i b i l i t y s t u d i e s . 

T h e p r i c e s f o r t h e r e s t e r i l i z a t i o n of i m p o r t e d m e a l s , i n c l u d i n g r e -
b a g g i n g , a r e of t h e o r d e r of 1 d . (1 .2 c e n t s ) p e r k g w h e r e a s t h e a c t u a l h e a t 
t r e a t m e n t of t h e b lood a l b u m i n and the s u b s e q u e n t c r u s h i n g of the b lood cos t 
0 . 5 - 0 . 6 d . ( 1 . 2 - 1 . 5 c e n t s ) p e r kg . We want t o c o m p a r e t h i s w i th t h e p r i c e s 
f o r t r e a t m e n t w i t h g a m m a r a y s in a Co 6 0 p l a n t and w i t h e l e c t r o n s f r o m a 
r e s o n a n t t r a n s f o r m e r . So f a r we have only e s t i m a t e s f o r t h e e l e c t r o n p r o -
c e s s i n g . T h e p r i c e s , of c o u r s e , v a r y c o n s i d e r a b l y w i t h t h r o u g h p u t , b u t 
w e e s t i m a t e t h a t t h e t r e a t m e n t of 25 000 t a y e a r w i t h a d o s e of 0 .5 M r a d 
w i l l a m o u n t t o a p p r o x i m a t e l y 0 .35 d . ( 0 . 4 c e n t ) p e r k g ( b a g g i n g i s n o t i n -
c luded in t h i s f i g u r e ) . Al though t h e c a p i t a l co s t i s h igh, it i s i n d i c a t e d t h a t 
t h e u s e of i o n i z i n g r a d i a t i o n w i l l b e a b l e t o c o m p e t e e c o n o m i c a l l y w i t h t h e 
c o n v e n t i o n a l h e a t t r e a t m e n t , and t h e r a d i a t i o n h a s t h e a d v a n t a g e t h a t t h e 
m e a l s w i l l h a v e a h i g h e r n u t r i t i v e v a l u e a f t e r t r e a t m e n t t h a t would a c t u a l l y 
j u s t i f y a h i g h e r p r i c e of t h e p r o d u c t . 

R E F E R E N C E 

[1] CARPENTER. K. J. , Biochem. J. 77 (1960) 604. 
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SALMONELLA CONTAMINATION OF FOODS AND FEEDS AND THE POSSIBILITY OF RADIATION CON-
TROL Ш THAILAND. The prevalence of . salmonellae and other harmful micro-organisms in egg, poultry and 
pork is for Thailand a very severe problem, the solution of which would be of great importance to the economy 
of the country. 

An at tempt was made to use ionizing radiation for rendering chicken meat free of Salmonella. A dose 
of not less than 50 000 rad was required. 

CONTAMINATION PAR LES SALMONELLAE DE LA NOURRITURE DE L'HOMME ET DES ANIMAUX ET 
POSSIBILITÉ D'UN TRAITEMENT PAR LES RAYONNEMENTS EN THAÏLANDE. La prédominance desSalmonellae 

et d'autres micro-organismes nuisibles dans les œufs,la volaille et le porc pose pour la Thaïlande un problème 

grave dont la solution serait d 'une importance capitale pour l 'économie du pays. 

On a essayé d'utiliser des rayonnements ionisants pour éliminer les Salmonellae de la chair de poulet. A 

cette fin, il a fallu une dose d 'au moins 50000 rads. 

ЗАРАЖЕНИЕ САЛМОНЕЛЛОЙ ПИЩЕВЫХ ПРОДУКТОВ И КОРМОВ И ВОЗМОЖНОСТЬ ИХ ОБРАБОТКИ ИЗЛУЧЕНИЯМИ 
В ТАИЛАНДЕ. Наличие Салмонеллы и других вредных микроорганизмов в яйцах, птице и'свинине являет-
ся для Таиланда очень серьезной проблемой, решение которой будет иметь огромное значение для 
экономики страны. 

Была сделана попытка использовать ионизирующие излучения для обезвреживания курятины, з а -
раженной салмонеллой. Для этого требовалась доза не менее 50 ООО рад. 

CONTAMINACIÓN DE ALIMENTOS Y FORRAJES POR SALMONELLAE Y POSIBILIDAD DE EMPLEAR EN 
TAILANDIA LA DESINFECCIÓN POR IRRADIACIÓN. La presencia de Salmonel lae y otros microorganismos 
nocivos en los huevos, las aves y el cerdo constituye para Tailandia un grave problema, cuya solución será 
de la máxima importancia para la economía del país. 

Se procuró emplear radiaciones ionizantes para liberar de Salmonellae la came de pollo. Fue necesaria 
una dosis superior a 50 000 rad. 

In 1961 T h a i l a n d e x p o r t e d n e a r l y 800 000 eggs p e r day to Hong Kong. 
Since t h e n , h o w e v e r , m o s t of t h e e g g s i m p o r t e d to Hong Kong h a v e c o m e 
f r o m t h e P e o p l e ' s Repub l i c of China , which o f f e r s c h i c k e n e g g s at a c o n -
s i d e r a b l y lower p r i c e . T h a i l a n d ' s potent ia l p roduc t ion capac i ty i s ac tual ly 
m u c h h i g h e r t han t h e f i g u r e m e n t i o n e d above; e s t i m a t e s i n d i c a t e t h a t t e n 
t i m e s m o r e eggs cou ld b e p r o d u c e d * . 

It i s n a t u r a l l y e s s e n t i a l f o r t he T h a i e c o n o m y to f i nd a n o t h e r m a r k e t 
f o r t h e e g g s , and a t t e m p t s h a v e t h e r e f o r e b e e n m a d e t o e x p o r t t h e m 

. * Note: The FAO Trade Yearbook Vol. 15, 1961, mentions the figure 16 300 t per year as Thailand's 
total export of hen and duck eggs during 1960. 

77 
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t o E u r o p e . H o w e v e r , b e c a u s e of t h e f a c t t h a t T h a i e g g s , a s w e l l a s e g g s 
f r o m o t h e r o r i e n t a l c o u n t r i e s , a r e o f t e n i n f e c t e d w i t h p a t h o g e n i c m i c r o -
o r g a n i s m s , p a r t i c u l a r l y S a l m o n e l l a , t h i s a t t e m p t h a s not m e t w i th s u c c e s s . 

R e c e n t l y T h a i l a n d a l s o s t a r t e d à b r o i l e r i n d u s t r y , u s i n g s o m e s p e c i a l 
b r e e d s ' i m p o r t e d f r o m t h e U n i t e d S t a t e s and t h e U n i t e d K i n g d o m . A g a i n , 
E u r o p e d o e s not a c c e p t c h i c k e n m e a t f r o m T h a i l a n d b e c a u s e of i t s c o n t e n t 
of s a l m o n e l l a e and o t h e r o r g a n i s m s . 

T h e s i t ua t ion wi th r e g a r d t o p o r k i s s i m i l a r . In 1961 Tha i l and expor t ed 
8000 l i v e p i g s p e r m o n t h t o Hong Kong bu t h a s now l a r g e l y l o s t t h i s m a r k e t 
owing t o t h e c o m p e t i t i o n f r o m t h e P e o p l e ' s Repub l i c . o f Ch ina . In Bangkok 
up t o 100 p i g c a r c a s s e s a r e c o n d e m n e d a n d h a v e t o b e t h r o w n a w a y e a c h 
d a y b e c a u s e of h e a v y i n f e c t i o n . T h a i l a n d h a s a m o d e r n s l a u g h t e r h o u s e 
w i t h f r e e z i n g c h a m b e r s a n d c o u l d s e n d f r o z e n p o r k t o E u r o p e , p r o v i d e d 
t h i s p o r k c o u l d b e g u a r a n t e e d f r e e f r o m S a l m o n e l l a . 

In s u m m a r y , t he p r e v a l e n c e of s a l m o n e l l a e and o t h e r h a r m f u l m i c r o b e s 
in e g g s , p o u l t r y and p o r k i s f o r T h a i l a n d a b i g p r o b l e m , t h e s o l u t i o n of 
w h i c h w o u l d b e of g r e a t i m p o r t a n c e t o t h e e c o n o m y of t h e c o u n t r y . 

E x a c t f i g u r e s c o n c e r n i n g the p r e v a l e n c e of food in fec t ion by S a l m o n e l l a 
a r e s t i l l l a c k i n g a l t h o u g h b o t h S a l m o n e l l a p u l l o r u m and S a l m o n e l l a t y p h i -
m u r i u m a r e p r e v a l e n t in p o u l t r y f a r m s in T h a i l a n d . Sa lmone l l a o r g a n i s m s 
a r e w i d e l y d i s t r i b u t e d a m o n g c h i c k e n and d u c k s . T h e e l i m i n a t i o n of S a l -
m o n e l l a p u l l o r u m i s s t i l l - a p r o b l e m in t h e c h i c k e n - b r e e d i n g f a r m s , a s both 
t h e egg and the m e a t of duck and ch icken a r e c o m m o n food i t e m s in the T h a i 
d ie t . Slide agglu t ina t ion t e s t s with s t a ined an t igen a r e used fo r the de tec t ion 
of p o s i t i v e r e a c t o r s . 

S a l m o n e l l a p u l l o r u m [1] w a s f i r s t i s o l a t e d f r o m duck in Bangkok in 1955. 
S a l m o n e l l a t y p h i m u r i u m [2] w a s i s o l a t e d in 1960 f r o m p o w d e r e d egg, p r o -
duced by the P o u l t r y D e p a r t m e n t , K a s e t s a r t U n i v e r s i t y , Bangkok . In 1962 
S a l m o n e l l a s p . w a s i s o l a t e d b y t h e a u t h o r f r o m t h e l i v e r of a c h i c k e n t h a t 
h a d d i e d of " b i g l i v e r d i s e a s e " . 

An a t t e m p t w a s m a d e t o u s e i o n i z i n g r a d i a t i o n t o r e n d e r c h i c k e n m e a t 
f r e e f r o m S a l m o n e l l a . I n i t i a l d e n s i t i e s of abou t 1 0 8 / m l of S a l m o n e l l a s p . 
w e r e u s e d . I r r a d i a t i o n w a s c a r r i e d out w i t h a 2000-c Co6° s o u r c e . T h e 
c u l t u r e of S a l m o n e l l a s p . w a s m i x e d w i t h g r o u n d c h i c k e n m e a t and k e p t a t 
r o o m t e m p e r a t u r e d u r i n g t h e t r e a t m e n t . 

T h e t e s t w a s m a d e at d o s a g e s of 500 000 r a d , 300 000 r a d , 200 000 r a d , 
150 000 r a d and 100 000 r a d . 

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

1 2 0 g of t h e f r e s h g r o u n d c h i c k e n m e a t w a s m i x e d w i t h 10 m l of t h e 
c u l t u r e of S a l m o n e l l a sp . T h e in fec t ed g round c h i c k e n m e a t was t h e n loaded 
i n t o 12 s t e r i l e t e s t t u b e s w i t h r u b b e r c a p s . E a c h t u b e c o n t a i n e d ' 1 0 g of 
t h e i n f e c t e d m a t e r i a l . A t u b e of 5 m l of t h e b r o t h c u l t u r e of S a l m o n e l l a sp . 
w a s u s e d f o r e a c h d d s a g e of r a d i a t i o n . A f t e r t h e i r r a d i a t i o n a l l t u b e s w e r e 
kep t in t h e r e f r i g e r a t o r f o r b a c t e r i o l o g i c a l e x a m i n a t i o n . 
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IRRADIATION 

I r r a d i a t i o n w a s c a r r i e d out in the Atomic Exhib i t ion of the Uni ted S ta tes 
A tomic E n e r g y C o m m i s s i o n in Bangkok u n d e r the d i r e c t i o n of W a l t e r D. T u c k e r . 
T h e s o u r c e u s e d c o n s i s t e d of a p p r o x i m a t e l y 2000 с of c o b a l t - 6 0 c o n t a i n e d 
in t h r e e i n d i v i d u a l s o u r c e s . T h e d o s e r a t e s a v a i l a b l e v a r y w i t h t h e g e o -
m e t r i c a l a r r a y e m p l o y e d b u t r u n b e t w e e n 25 000 and 250 000 r a d / h . 

B A C T E R I O L O G I C A L E X A M I N A T I O N O F I R R A D I A T E D S A M P L E S 

I r r a d i a t e d s a m p l e s w e r e e x a m i n e d b o t h by e n r i c h m e n t m e d i a and b y 
d i r e c t coun t s in so l id m e d i a . The e n r i c h m e n t m e d i a w e r e Difco t e t r a t h i o n a t e 
b r o t h and D i f c o b r i l l i a n t g r e e n a g a r . T h e s o l i d m e d i a f o r b a c t e r i a c o u n t 
w a s n u t r i e n t a g a r . 

About 10 g of t he i r r a d i a t e d m a t e r i a l w a s s e e d e d in 150 m l of t e t r a t h i o -
n a t e b r o t h , and a f t e r 24 h of i n c u b a t i o n at 37°C t h e c u l t u r e w a s s t r e a k e d on 
t h e s u r f a c e of b r i l l i a n t g r e e n a g a r f o r t h e g r o w t h of S a l m o n e l l a . 

G E N E R A L E X A M I N A T I O N O F I R R A D I A T E D S A M P L E S 

N o r m a l g round ch icken m e a t w a s i r r a d i a t e d a t t he d o s a g e of 500 000 r a d 
f o r e v a l u a t i o n of t a s t e , odour and c o l o u r . 

R E S U L T S 

By t h e d i r e c t p l a t e c o u n t s of b r o t h c u l t u r e s , t h e c o m p l e t e i n a c t i v a t i o n 
of S a l m o n e l l a s p . r e q u i r e d a d o s a g e of not l e s s t h a n 500 000 r a d ( T a b l e I). 

TABLE I 

RADIATION E F F E C T O F S A L M O N E L L A sp . 

Dose of gamma radiation 
(rad) 

• Number of surviving cells of 
Salmonella sp. per ml (broth culture) 

0 

8 

' 10 

100 000 430 

150 000 300 

200 000 55 

300 000 30 

500 000 -
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G e n e r a l e x a m i n a t i o n of t h e i r r a d i a t e d c h i c k e n m e a t s h o w e d t h a t a f t e r 
i r r a d i a t i o n t h e r e w a s i r r a d i a t i o n o d o u r and t a s t e , b u t a f t e r t h e m e a t w a s 
kep t in a r e f r i g e r a t o r f o r 24 h, t he odour and t a s t e w e r e n o r m a l . T h e co lour 
of t h e t r e a t e d s a m p l e w a s p a l e pink and l o o k e d p i o r e t e m p t i n g t h a n d id t h e 
u n t r e a t e d c h i c k e n m e a t when both w e r e kep t in t h e r e f r i g e r a t o r . T h i s a p -
p e a r a n c e w a s a l s o o b s e r v e d in p o r k i r r a d i a t e d wi th 500 000 r a d . 

DISCUSSION 

T h e b a c t e r i c i d a l e f f e c t of g a m m a r a d i a t i o n on S a l m o n e l l a sp . o b s e r v e d 
in t h i s e x p e r i m e n t i s c l o s e to tha t ob ta ined by MOSSEL [3]. 

T h e i r r a d i a t i o n o d o u r and t a s t e d i s a p p e a r e d , and t h e p a l e p ink c o l o u r 
of t h e m e a t l o o k e d m o r e a p p e t i z i n g when t h e t r e a t e d m e a t w a s k e p t in t h e 
r e f r i g e r a t o r f o r a t l e a s t 24 h . C o m p a r e d w i t h t h e m e t h o d of p r e s e r v i n g 
c h i c k e n m e a t w i t h c h l o r t e t r a c y c l i n e h y d r o c h l o r i d e (10% c h l o r t e t r a c y c l i n e 
in 90% s o l u b l e s u b s t a n c e ) wh ich r e s u l t s in a d i r t y c o l o u r of t h e m e a t , t h e 
m e t h o d of p r e s e r v a t i o n by r a d i a t i o n t o f r e e t h e m e a t f r o m S a l m o n e l l a s p . 
c a n b e c o n s i d e r e d a p r o m i s i n g p r o c e s s . 
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Abstract — Résumé — Аннотация — Resumen 

MICROBIOLOGICAL ASPECTS OF THE USE OF RADIATION FOR THE ELIMINATION OF SALMONELLAE 
FROM FOODS AND FEEDING STUFFS. Before considering the specia l ized appl ica t ion of i rradiat ion to the 
e l imina t ion of sa lmone l lae and other pathogenes, the author outlines its re la t ion to other food i r radia t ion 
processes such as steri l izat ion and pasteur izat ion. 

T h e radiat ion dose required can be es t imated by de te rmina t ion of the Dio-values for the organisms, ^ 
which can be calculated by means of either the "end-point" method or the "survival-curve" method. From 
the Dio- values one is ab le to c a l cu l a t e the dose which wi l l provide any desired d e g r e e of inac t iva t ion . 

The effect during irradiation of environmental factors, such as oxygen, freezing, drying and various food 
constituents, is discussed. The radio-resistance of different Salmonella serotypes can vary with the nature 
and physical s tate of the product , and the dose needed must be determined in e a c h case . 

A comparison is made between irradiation, heat treatment and gaseous sterilization. Those three proce-
dures could be used for the elimination of salmonellae. 

A S P E C T S MICROBIOLOGIQUES DE L ' U T I L I S A T I O N DES RAYONNEMENTS POUR ÉLIMINER LES S A L M O -

NELLAE DE LA NOURRITURE DE L'HOMME ET DES ANIMAUX. Avant de considérer l 'application particulière 

de l ' i r radiat ion à l ' é l imina t ion des Salmonel lae et autres microbes pathogènes, l ' auteur souligne l ' ana logie 

de ce t te méthode avec d'autres procèdes d ' irradiation d 'a l iments tels que la stérilisation et la pasteurisation. 

La dose d'irradiation nécessaire peut être évaluée par détermination des valeurs de la Dio pour les orga-

nismes, que l ' on peut ca lcu ler soit par la mé thode du « p o i n t t e r m i n a l » soit par ce l l e d e la « c o u r b e d e 

su rv ie» . A l ' a ide des valeurs de la Dm, onpeu tca lcu le r ladosequ i assureran ' importequeldegréd ' inact ivat ion. 

L'auteur étudie l ' e f fe t de certains facteurs, comme l 'oxygène ambiant , la congélat ion, la dessication 

et les divers éléments constitutifs des aliments pendant l 'irradiation. La radiorésistance de différentes catégories 

de Sa lmonel lae peut varier suivant la nature et l ' é t a t physique du produit; aussi la dose nécessaire do i t - e l l e 

ê t re dé te rminée dans chaque cas. 

Une comparaison est fa i te entre l ' i rradiation, le trai tement thermique et la stérilisation gazeuse. Ces 

trois procédés pourraient être utilisés pour l ' é l iminat ion des Salmonellae. 

МИКРОБИОЛОГИЧЕСКИЕ АСПЕКТЫ ИСПОЛЬЗОВАНИЯ ИЗЛУЧЕНИЙ ДЛЯ УНИЧТОЖЕНИЯ САЛМОНЕЛЛЫ В ПИЩЕВЫХ 
ПРОДУКТАХ И КОРМАХ. Прежде чем рассматривать специальные виды применения излучений для уничто-
жения салмонеллы и других патогенных организмов, автор описывает их связь с другими процессами 
обработки пищевых продуктов, такими, как стерилизация и пастеризация. 

Требующаяся доза облучения может быть рассчитана путем определения значений D 1 0 для орга-
низмов, которые могут быть рассчитаны или с помощью метода "конечной точки" или методом "кривой 
выживания". Исходя из значений D 1 0 , можно рассчитать дозу, которая обеспечит любую требующуюся 
степень дезактивации. 

Рассматривается влияние во время облучения факторов окружающей среды, например влияние кисло-
рода, замораживания, высушивания и различных составных частей пищевых продуктов. Устойчивость 
против облучения различных серотипов салмонеллы может меняться в зависимости от характера и фи-
зического состояния продукта, и требующаяся доза должна определяться в каждом отдельном случае. 

Проводится сравнение между облучением, термообработкой и газовой стерилизацией. Эти три 
метода можно использовать для уничтожения салмонеллы. 
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ASPECTOS MICROBIOLÓGICOS DEL EMPLEO DE RADIACIONES PARA ELIMINAR LA SALMONELLAE DE 
LOS ALIMENTOS Y LOS FORRAJES. Antes de considerar la aplicación de las radiaciones con e l fin concreto 
de el iminar la Salmonella y otros agentes patógenos, el autor indica su relación con otros procesos de t rata-
miento de alimentos tales como la esterilización y la pasteurización. 

La dosis de radiación requerida se puede calcular determinando los valores D:n para loe organismos, que se 
establecen por el método del « p u n t o f i n a l » o de la «curva de supervivencia». 

Estos valores Dio permiten calcular la dosis necesaria para alcanzar el grado de inactivación que se desee. 
La memoria discute el efecto de los factores ambientales que prevalecen durante la irradiación, tales 

como el oxígeno, la congelación y el secado, así como de los diversos constituyentes de los al imentos. La 
radiorresistencia de diversos tipos serológicos de Salmonella puede variar con la naturaleza y el estado físico 
del producto, por lo que es necesario determinar la dosis requerida en cada caso. 

El autor compara los modos de esterilización por irradiación o por tratamiento térmico o gaseoso. Los 
tres procedimientos pueden servir para eliminar las Salmonellae. 

T h i s p a p e r c o n c e r n s t h e m i c r o b i o l o g i c a l a s p e c t s of t h e i r r a d i a t i o n 
p r o c e s s ; o t h e r c h a n g e s i n d u c e d by r a d i a t i o n in s u c h p r o p e r t i e s a s f l a v o u r 
and n u t r i t i v e v a l u e of t h e food u n d e r t r e a t m e n t w i l l be d i s c u s s e d e l s e w h e r e 
( s e e , f o r i n s t a n c e , t h e f o l l o w i n g p a p e r by L e y ) . 

A . F O O D IRRADIATION P R O C E S S E S INVOLVING M I C R O B I A L 
INACTIVATION 

B e f o r e t h e s p e c i a l i z e d a p p l i c a t i o n of i r r a d i a t i o n f o r e l i m i n a t i n g s a l -
m o n e l l a e i s c o n s i d e r e d , i t i s u s e f u l to s e e how t h i s r e l a t e s t o food i r r a d i -
a t i o n p r o c e s s e s wi th o t h e r a i m s , and t h o s e invo lv ing m i c r o b i a l i n a c t i v a t i o n 
a r e s e t out i n T a b l e I . Only a b r i e f o u t l i n e w i l l be g iven h e r e , f u l l d e t a i l s 
b e i n g o b t a i n a b l e f r o m HANNAN [1] and a s u m m a r y of r e c e n t d e v e l o p m e n t s 
f r o m INGRAM and RHODES [2]. 

(1) S t e r i l i z a t i o n 

R a d i a t i o n s t e r i l i z a t i o n i s in t ended to c o n f e r an i nde f in i t e s t o r a g e l i f e at 
r o o m t e m p e r a t u r e on o t h e r w i s e , p e r i s h a b l e p r o d u c t s . O n e of t h e g r e a t e s t 
h a z a r d s i n n o n - a c i d f o o d s would be s u r v i v a l and s u b s e q u e n t m u l t i p l i c a t i o n 
of C l o s t r i d i u m b o t u l i u m , w h i c h i s h i g h l y r e s i s t a n t in t h e s p o r e f o r m , a n d 
t h e r e f o r e the i n a c t i v a t i o n r e q u i r e m e n t s of t h i s o r g a n i s m a r e the m a i n f a c t o r 
in d e t e r m i n i n g the d o s e to be u s e d . The c r i t e r i o n c o m m o n l y adopted in hea t 
p r o c e s s i n g , t ha t i t should be s u f f i c i e n t to i n a c t i v a t e the CI . b o t u l i n u m s p o r e s 
i n i t i a l l y p r e s e n t by a f a c t o r of 1012, h a s b e e n e x t e n d e d t o r a d i a t i o n w o r k , 
w h e r e i t r e s u l t s i n t h e f i g u r e óf 4 . 5 M r a d o f t e n quo ted f o r t h e s t e r i l i z i n g 
d o s e . O n c e t h e r e q u i r e m e n t s f o r i n a c t i v a t i o n of CI . b o t u l i n u m a r e f u l f i l l e d , 
t h e m a i n p r o b l e m s f o r t h i s t y p e of p r o c e s s l i e in t h e o r g a n o l e p t i c c h a n g e s 
w h i c h t e n d t o b e d e v e l o p e d . 

(2) P a s t e u r i z a t i o n 

T h i s t e r m i s u s e d h e r e f o r t h e l o w - d o s e i r r a d i a t i o n p r o c e s s e s in t ended 
t o p r o l o n g s t o r a g e l i f e . T h i s u s e i s m o r e g e n e r a l , e s p e c i a l l y i n t h e 
A m e r i c a n l i t e r a t u r e , but t h e t e r m h a s s o m e t i m e s b e e n app l ied to the k i l l i ng 
of p a t h o g e n i c b a c t e r i a . 
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TABLE I 

F O O D IRRADIATION P R O C E S S E S 
INVOLVING M I C R O B I A L INACTIVATION 

Process 
Applied 

to 
For destruction 

of 
Dose range 

(Mrad) 

1 . Ster i l iza t ion Perishable CI. botul inum and al l 4 . 5 - 5 . 0 
non- acid foods other bac te r ia 

2 . Pasteurizat ion Perishable Spoilage micro- 0 . 1 - 1 . 0 
foods organisms 

3 . El iminat ion Non-per ishable Salmonel la 0 . 2 - 0 . 6 5 
of Sa lmonel la or perishable 

foods 

T h e l o w e r d o s e s e m p l o y e d do not s t e r i l i z e t h e p r o d u c t bu t r e d u c e t h e 
n u m b e r of m i c r o - o r g a n i s m s a b l e t o m u l t i p l y and h e n c e d e l a y t h e o n s e t of 
s p o i l a g e . In g e n e r a l , t h i s i n c r e a s e in s t o r a g e l i f e i s only l a r g e enough to be 
u s e f u l w h e n t h e p r o d u c t i s s t o r e d u n d e r r e f r i g e r a t i o n , b e c a u s e a t h i g h e r 
t e m p e r a t u r e s m u l t i p l i c a t i o n of t h e s u r v i v i n g o r g a n i s m s o c c u r s r a p i d l y . 

O r g a n o l e p t i c c h a n g e s a r e not so s e r i o u s at the m o d e r a t e d o s e s employed , 
bu t p r o b l e m s a r i s e f r o m t h e p o s s i b l e s u r v i v a l of p a t h o g e n i c o r g a n i s m s , 
w h i c h m a y be m o r e r e s i s t a n t to r a d i a t i o n t h a n a r e the s p o i l a g e flora. If t h e b ^ i n j 
p a t h o g e n s have an oppor tun i ty to mul t ip ly , the i r r a d i a t e d p r o d u c t m a y b e c o m e 
m o r e heav i ly i n f ec t ed than the c o n t r o l b e c a u s e of the l ack of compe t i t i on f r o m 
the n o r m a l spo i l age o r g a n i s m s . M i c r o b i o l o g i c a l s tudy i s p a r t i c u l a r l y n e c e s -
s a r y , t h e r e f o r e , wi th r a d i a t i o n - p a s t e u r i z e d p r o d u c t s , and e a c h p r o c e s s and 
p r o d u c t h a s to b e e x a m i n e d s e p a r a t e l y u n d e r t h e a p p r o p r i a t e s t o r a g e c o n -
d i t i o n s . T h i s c o n s i d e r a t i o n p r o v i d e s an added r e a s o n f o r s t o r a g e u n d e r r e -
f r i g e r a t i o n , which p r e v e n t s g r o w t h of a l m o s t a l l p a t h o g e n s . 

(3) T h e e l i m i n a t i o n of s a l m o n e l l a e o r o t h e r p a t h o g e n s 

T h e e l i m i n a t i o n of s a l m o n e l l a e i s a v e r y s i m i l a r p r o c e s s to p a s t e u r i -
z a t i o n s i n c e t h e d o s e s u s e d a r e i n t h e s a m e r a n g e , bu t t h e a i m i s d i f f e r e n t . 
I t i s s i m p l y t o r e m o v e one g r o u p of o r g a n i s m s w h i c h a r e p a r t i c u l a r l y u n -
d e s i r a b l e i n t h e p r o d u c t . S a l m o n e l l a e a r e m o d e r a t e l y s e n s i t i v e v e g e t a t i v e 
b a c t e r i a ( F i g . 1), and d o s e s a r o u n d 0 . 5 M r a d w i l l e f f e c t a v e r y l a r g e 
r e d u c t i o n i n t h e i r n u m b e r s (by a f a c t o r of lO 7 i n m a n y p r o d u c t s ) . O t h e r 
p a t h o g e n i c b a c t e r i a cou ld b e t r e a t e d in t h e s a m e w a y ; but t h o s e f o r m i n g 
s p o r e s , such a s C l o s t r i d i u m we lch i i o r B a c i l l u s a n t h r a c i s , would need m u c h 
l a r g e r d o s e s t o g i v e a c o m p a r a b l e r e d u c t i o n i n n u m b e r s , s i n c e s p o r e s a r e , 
i n g e n e r a l , m o r e r a d i a t i o n - r e s i s t a n t t h a n a r e v e g e t a t i v e c e l l s . 

App l i ca t i ons s o f a r s u g g e s t e d f o r r e m o v a l of s a l m o n e l l a e have c o n c e r n e d 
m a i n l y n o n - p e r i s h a b l e p r o d u c t s , such a s f r o z e n and d r i e d egg, f r o z e n h o r s e 
m e a t and a n i m a l f e e d i n g s t u f f s . In t h e s e p r o d u c t s t h e r e i s n o r m a l l y no 
c h a n c e f o r m u l t i p l i c a t i o n of s u r v i v o r s , and t h e p r o b l e m s m e n t i o n e d in c o n -
n e c t i o n wi th p a s t e u r i z a t i o n do not a r i s e . 
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Fig.l 
Sensitivity to irradiation of some food spoilage and food poisoning micro- organisms ( I 

Conditions of irradiation were aerobic except for Clostridium botulinum and CI. welchii, and possibly 
S. typhimurium in liquid egg (see text). 

Pathogens 
Other organisms 

Data from: (1) LEY et al . [3] 
(2) SCHMIDT-LORENZ and FARKAS [4] 
(3) WOESE [ 5] 
(4) MATSUYAMA et a l . [ 6] 
(5) INGRAM and THORNLEY [7 ] 
(6) ANDERSON et al . [ 8 ] 

I f , h o w e v e r , s a l m o n e l l a e w e r e to be r e m o v e d f r o m a p e r i s h a b l e p roduc t 
in t h i s way, a l l t he c o n s i d e r a t i o n s about s u r v i v a l of o t h e r pa thogens would be 
i m p o r t a n t . F o r i n s t a n c e , t h e c a s e m i g h t a r i s e in wh ich s a l m o n e l l a e w e r e 
i n a c t i v a t e d but CI . w e l c h i i s p o r e s s u r v i v e d , and t h e n s t o r a g e u n d e r f a v o u r -
a b l e c o n d i t i o n s of t e m p e r a t u r e and a n a e r o b i o s i s could l e ad to t r o u b l e . D e -
t a i l e d c o n s i d e r a t i o n of t h e p r o c e s s f o r c o n t r o l of s a l m o n e l l a e f o l l o w s . 
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В . I N A C T I V A T I O N O F S A L M O N E L L A E B Y I R R A D I A T I O N 

( I ) E s t i m a t i o n of d o s e r e q u i r e d 

S o m e i d e a of t h e m a g n i t u d e of the d o s e r e q u i r e d m a y be ob ta ined by t h e 
i r r a d i a t i o n of n a t u r a l l y c o n t a m i n a t e d m a t e r i a l , but t h e n u m b e r s of s a l m o n e l l a e 
p r e s e n t a r e u s u a l l y low, of t he o r d e r of h u n d r e d s p e r g o r l e s s , and the i n -
f o r m a t i o n ob ta inab le i s l i m i t e d . N e v e r t h e l e s s , th i s type of work i s i m p o r t a n t 
t o c h e c k t h a t t h e i n a c t i v a t i o n d o s e s c a l c u l a t e d f r o m a r t i f i c i a l l y i n o c u l a t e d 
m a t e r i a l h a v e t h e e x p e c t e d e f f e c t on s a l m o n e l l a e i n t h e p r o d u c t . 

A s wi th hea t p r o c e s s i n g , i t h a s b e e n found m o s t u s e f u l t o i n o c u l a t e t h e 
p r o d u c t with l a r g e n u m b e r s , about 1 0 7 - 1 0 8 / g , of s t r a i n s of Sa lmone l l a f r o m 
p u r e c u l t u r e s and to s tudy t h e i r i n a c t i v a t i o n . T h e s e o r g a n i s m s , l ike m a n y 
o t h e r b a c t e r i a , s h o w an e x p o n e n t i a l d e a t h r a t e w h e n i r r a d i a t e d ; t h a t i s , a 
g i v e n d o s e of r a d i a t i o n w i l l i n a c t i v a t e a c o n s t a n t p r o p o r t i o n of t h e v i a b l e 
c e l l s p r e v i o u s l y p r e s e n t . T h i s m e a n s t h a t by d e t e r m i n i n g t h e Dm v a l u e s , 
o r d o s e r e q u i r e d t o i n a c t i v a t e 90% of t h e b a c t e r i a , one i s a b l e to c a l c u l a t e 
t h e d o s e w h i c h w i l l p r o v i d e any r e q u i r e d d e g r e e of i n a c t i v a t i o n . 

F o r e x a m p l e , if t h e i n i t i a l c o n t a m i n a t i o n i s 1 0 2 / g and i t i s d e s i r e d t o 
r e d u c e the s a l m o n e l l a e s o tha t none a r e d e t e c t e d in a 100 -g s a m p l e (or , f o r 
p u r p o s e of c a l c u l a t i n g , s a y a s u r v i v a l of 1 in 1000 g), t h e n t h e i n a c t i v a t i o n 
f a c t o r r e q u i r e d i s 105, a n d t h e d o s e n e c e s s a r y i s 5 X Dio. 

B e s i d e s t h e D 1 0 v a l u e , one t h e r e f o r e h a s t o know t h e m a x i m u m c o n -
t a m i n a t i o n l i k e l y t o o c c u r in t h e p r o d u c t and t h e l e v e l to w h i c h i t m u s t b e 
r e d u c e d . T h i s l a t t e r v a l u e i s no t s o o b v i o u s a s i t m i g h t a p p e a r , b e c a u s e 
i t d e p e n d s bo th on t h e s i z e and n u m b e r of s a m p l e s f r o m w h i c h s a l m o n e l l a e 
m u s t b e a b s e n t and on t h e s a m p l i n g p l a n . In t h e a b o v e e x a m p l e a l e v e l of 
one s u r v i v o r in 1000 g h a s b e e n a r b i t r a r i l y c h o s e n , and t h i s would obv ious ly 
g ive a low p r o b a b i l i t y of a p o s i t i v e t e s t f o r s a l m o n e l l a e in one 100-g s a m p l e 
bu t a m u c h h i g h e r p r o b a b i l i t y if 10 s a m p l e s i n t h e s a m e b a t c h w e r e t o b e 
e x a m i n e d . 

S o m e d a t a on t h e s a m p l i n g s c h e m e s a c t u a l l y u s e d by v a r i o u s c o u n t r i e s 
a r e g iven in A n n e x I I . 

M e t h o d s of c a l c u l a t i n g t h e Dio v a l u e s f r o m d a t a of v a r i o u s k i n d s h a v e 
b e e n f u l l y d i s c u s s e d by S C H M I D T [9] i n c o n n e c t i o n w i t h h e a t p r o c e s s i n g 
and w i l l b e m e n t i o n e d on ly b r i e f l y h e r e . 

(a) End-point methods 

In t h i s type of me thod a l a r g e n u m b e r of b a c t e r i a i s i nocu l a t ed in to 
s a m p l e s of t h e p r o d u c t , w h i c h a r e t h e n i r r a d i a t e d a t d i f f e r e n t d o s e s . A l l 
s a m p l e s a r e t e s t e d f o r p r e s e n c e o r a b s e n c e of s u r v i v o r s ; t h i s c a n s o m e -
t i m e s be done by i n c u b a t i o n in t h e p r o d u c t if it i s s u i t a b l e f o r g r o w t h of t h e 
o r g a n i s m s . T h e l o w e s t d o s e g iv ing no s u r v i v a l i s r e g a r d e d a s t h e i n a c t i -
v a t i o n d o s e f o r t h e n u m b e r of o r g a n i s m s i n o c u l a t e d . 

W h e r e r e p l i c a t e s a m p l e s a r e used at each d o s e and the d o s e s a r e c lose ly 
s p a c e d s o t h a t s e v e r a l g i v e s o m e p o s i t i v e and s o m e n e g a t i v e s a m p l e s , t h e 
f o l l o w i n g c a l c u l a t i o n m a y b e a p p l i e d t o e a c h d o s e : 

Dio = Dx / ( log A - log B), 
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w h e r e Dx i s any d o s e giving s o m e pos i t ive and s o m e nega t ive s a m p l e s , A 
i s the to ta l number of s a m p l e s t r ea t ed at th is dose multiplied by the number 
of b a c t e r i a inoculated p e r s ample and В is the number of s u r v i v o r s , c a l cu -
la ted by a s s u m i n g one s u r v i v o r p e r posi t ive s a m p l e . 

S e v e r a l e s t i m a t e s of Dio a r e obtained, and the m e a n i s u s e d . Th i s i s 
the m e t h o d of STUMBO [10], and o t h e r m e t h o d s , deve loped f r o m i t , i n -
volve the u s e of the " m o s t p r o b a b l e n u m b e r " technique , f o r e s t i m a t i o n of 
the s u r v i v o r s in the mul t ip le s amp le s (STUMBO et al, [11]), o r a probabil i ty 
method (SCHMIDT [9]). 

(b) Survival-curve methods 

The product is inoculated with a l a r g e number of bac te r i a , then i r r a d i -
a ted and s a m p l e d a f t e r v a r i o u s d o s e s , and v i ab l e counts of the n u m b e r of 
s u r v i v o r s in each sample a r e m a d e . The logio of the number of s u r v i v o r s 
i s plot ted agains t dose , the l ine of bes t f i t i s d rawn through the points , and 
th i s c u r v e can then be used to obtain the Dm va lue . 

F i g . 2 i l l u s t r a t e s r e s u l t s of t h i s type f o r Sa lmone l l a g a l l i n a r u m f r o m 
LEY et a l . [3] and shows that the inac t iva t ion was exponent ia l o v e r a wide 
r a n g e . 

Fig. 2 

Sensitivity of S. gallinarum to irradiation in buffer solution (x) 
and in liquid whole egg ( • ) , non-aerated 

Data tram LEY et al . [3 ] 

(с) Relative merits of the two kinds of method 

E n d - p o i n t m e t h o d s a l low the e x p e r i m e n t e r to c o v e r a w i d e r r a n g e of 
i nac t iva t ion , s i n c e q u a n t i t i e s a s l a r g e a s 100 g c a n be t e s t e d f o r s m a l l 
n u m b e r s of su rv ivo r s , whe rea s counts cannot be made if number s a r e lower 
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t h a n abou t 10 p e r g . H e n c e t h e e n d - p o i n t p r o c e d u r e i n v o l v e s l e s s e x t r a p -
o l a t i o n i n t h e e v e n t u a l c a l c u l a t i o n of t h e d o s e n e e d e d f o r p r o c e s s i n g . 

U n d e r c e r t a i n c i r c u m s t a n c e s end-po in t m e t h o d s enable one to d e t e r m i n e 
s u r v i v a l by i ncuba t ion in t h e food p r o d u c t i t s e l f , which p r o v i d e s p a r t i c u l a r l y 
r e l e v a n t i n f o r m a t i o n ( s ee the next s e c t i o n ) . 

T h e s u r v i v a l - c u r v e m e t h o d m a y w e l l b e m o r e c o n v e n i e n t f o r s m a l l -
s c a l e l a b o r a t o r y i n v e s t i g a t i o n and i s s a t i s f a c t o r y p r o v i d e d a w i d e r a n g e of 
i n a c t i v a t i o n i s c o v e r e d . I t i s of c o u r s e e s s e n t i a l t h a t t he s h a p e of s u r v i v a l 
c u r v e s s h o u l d b e c h e c k e d a t s o m e s t a g e in a n i n v e s t i g a t i o n , s i n c e t h e u s e 
of Dio v a l u e s i s b a s e d on t h e a s s u m p t i o n t h a t i n a c t i v a t i o n i s e x p o n e n t i a l . 
I d e a l l y , m e t h o d s of b o t h t y p e s s h o u l d b e u s e d a n d t h e r e s u l t s c o m p a r e d . 

(d) Recovery media and conditions 

U n l e s s o n e c a n i n c u b a t e in t h e food i t s e l f , i t i s n e c e s s a r y t o t r a n s f e r 
s a m p l e s t o a r t i f i c i a l m e d i a in o r d e r t o f ind the c e l l s a b l e to m u l t i p l y a f t e r 
i r r a d i a t i o n , w h e t h e r one i s u s ing end-po in t o r s u r v i v a l - c u r v e m e t h o d s . The 
p r o p o r t i o n of r a d i a t i o n - d a m a g e d c e l l s a b l e to r e c o v e r m a y be i n f l u e n c e d by 
c o m p o s i t i o n of the m e d i u m ( S T A P L E T O N et a l . [12], A L P E R and GILLIES 
[13]), p r e s e n c e of i n h i b i t o r s (GILLIES and A L P E R [14]) and a t m o s p h e r e and 
t e m p e r a t u r e of i n c u b a t i o n ( S T A P L E T O N et a l . [15], P R A T T e t a l . [ 1 6 ] , 
A L P E R and G I L L I E S [17], HODGKINS and A L P E R [18]) . T h e s e e f f e c t s 
h a v e a l l been o b s e r v e d with s t r a i n s of E . col i and in one c a s e with Sa lmone l l a 
t y p h i m u r i u m a l s o . T h i s r e l a t e d to g r e a t e r s u r v i v a l of u l t r a v i o l e t - i r r a d i a t e d • 
c e l l s if they w e r e incubated a n a e r o b i c a l l y r a t h e r than ae rob i ca l l y (HODGKINS 
a n d A L P E R [18]) . A t t e m p t s t o f ind " m e d i u m e f f e c t s " w i th b a c t e r i a o t h e r 
t h a n E . c o l i h a v e b e e n m a i n l y n e g a t i v e ( F R E E M A N and B R I D G E S [19], 
D A V Y D O F F [20]); bu t a s s a l m o n e l l a e a r e c l o s e l y r e l a t e d t o E s c h e r i c h i a , 
t h e p o s s i b i l i t y of s i m i l a r e f f e c t s n e e d s t o b e t h o r o u g h l y i n v e s t i g a t e d . 

MOSSEL [21] u s e d the m e d i a l i s t e d in T a b l e II when t e s t i n g f o r s u r v i v a l 
of S . t y p h i m u r i u m and S. s e n f t e n b e r g s t r a i n s i r r a d i a t e d in l i q u i d egg and 
f o u n d no d i f f e r e n c e s a t t r i b u t a b l e t o t h e m e d i u m . L E Y et a l . [3] c o m p a r e d 
f o u r m e d i a (-T-able-II) u sed f o r s u r f a c e p l a t i ng by a m o d i f i e d M i l e s and M i s r a 
t e c h n i q u e and~ftruTffl t ha t d e s o x y c h o l a t e c i t raTe a g a r gave s i g n i f i c a n t l y l o w e r 
r e c o v e r y t h a n did the o t h e r t h r e e m e d i a t e s t e d . C o u n t s on the o t h e r m e d i a 
did not d i f f e r s i g n i f i c an t l y , but the m o s t r e p r o d u c i b l e r e s u l t s w e r e obta ined 
wi th n u t r i e n t a g a r . 

NICKERSON et a l . [26] i r r a d i a t e d s a l m o n e l l a e in r e c o n s t i t u t e d egg whi te 
a n d t e s t e d f o r s u r v i v o r s b y a d d i n g D i f c o s e l e n i t e b r o t h a n d i n c u b a t i n g a t 
37°C f o r 4 8 - 1 2 0 h, t h e n m a k i n g v a r i o u s t e s t s t o c o n f i r m t h e p r e s e n c e of 
s a l m o n e l l a e . T h e y found tha t i n c r e a s e d s u r v i v a l w a s ob ta ined if t h e y i n c u -
b a t e d t h e i r r a d i a t e d egg w h i t e a t 37°С f o r 48 - 120 h b e f o r e add ing t h e 
s e l e n i t e b r o t h . 

T h e r e h a s b e e n e v i d e n c e f r o m w o r k on E . co l i s t r a i n В t h a t a p e r i o d of 
i n c u b a t i o n w i t h c h l o r a m p h e n i c o l s h o r t l y a f t e r i r r a d i a t i o n w o u l d p r o m o t e 
r e c o v e r y ( G I L L I E S and A L P E R [14]) . M o s s e l t r i e d t h e c h l o r a m p h e n i c o l 
t r e a t m e n t in h i s e x p e r i m e n t s wi th s a l m o n e l l a e i r r a d i a t e d in egg but did not 
f ind a n y i n c r e a s e in c o u n t s (MOSSEL [21]). 



TABLE II 

R E C O V E R Y M E D I A USED IN R A D I A T I O N E X P E R I M E N T S WITH S A L M O N E L L A E , 
AND T H E I R E F F E C T ON S U R V I V A L 

Author 
Type of 
m e d i u m 

Medium Conclusion 

MOSSEL [121] Liquid (1) Bra in-hear t infusion broth No signif icant e f f e c t of m e d i u m 
enr ichment (2) Mul le r ' s t e t ra th iona te broth a 

media (3) Osborne and Stokes' se len i te 
b i le b r i l l i an t -g reen sulpha-
pyridin m e d i u m Ь 

Solid plating (1) Crystal v io le t neutral - red bi le N o signif icant e f f e c t of 
med ia lac tose manni to l agar c m e d i u m 

(2) Nutr ient agar 
(3) TDYM agar d 

LEY et a l . [ 3] Solid plating (1) Nutrient agar Lowest recovery on ( 2) 
med ia (2) Desoxychola te c i t r a t e agar T h e other 3 med ia did not 

(3) MacConkey agar d i f fer s igni f icant ly , but 
(4) Blood agar counts were most repro-

duc ib l e on (1 ) . 

a MULLERE22] 
b OSBORNE and STOKES [ 23] 
0 MOSSEL [ 2 4 ] 
d MOSSEL and KRUGERS DAGNEAUX [ 25] 
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(e) Tests on the irradiated product 

It h a s been the u sua l p r a c t i c e in testing water s u p p l i e s , and to s o m e 
extent in tes t ing foods also, to examine them f o r the p r e s e n c e of "Co l i fo rm" 
b a c t e r i a , t he E s c h e r i c h i a - A e r o b a c t e r g roup , and, if t h e s e w e r e p r e s e n t 
in l a r g e n u m b e r s , to a s s u m e that f a e c a l pol lut ion had t aken p l ace and tha t 
s a l m o n e l l a e might be p r e s e n t a l s o . It was poin ted out by ERDMAN et a l . 
[27] that th is method was not appl icable to i r r ad i a t ed food, s ince the s t r a i n s 
of s a l m o n e l l a e which they t e s t e d w e r e s u b s t a n t i a l l y m o r e r e s i s t a n t t o 
rad ia t ion than w e r e s t r a i n s of Esche r i ch ia and A e r o b a c t e r . Di rec t t e s t s f o r 
s a l m o n e l l a e would t h e r e f o r e be n e c e s s a r y on i r r a d i a t e d f o o d s . 

(2) V a r i a t i o n of s e n s i t i v i t y a m o n g s e r o t y p e s of S a l m o n e l l a 

Informat ion on only five se ro types was avai lable at the t ime of the Pane l 
m e e t i n g in D e c e m b e r 1962, and it i s shown in Table III, IV and V. In 
g e n e r a l , S . t y p h i m u r i u m w a s the m o s t r e s i s t a n t s t r a i n s t ud i ed , whi le 
S. pa ra typh i В was s i m i l a r o r s l ight ly l e s s r e s i s t a n t (Tab les III and V) and 
S. me leag r id i s , t es ted only in f rozen ho r se meat , did not d i f fe r s ignif icantly 
f r o m S. para typhi В (Table V). Both S. s en f t enbe rg and S. ga l l ina rum w e r e 
u s u a l l y m o r e s e n s i t i v e than S. t y p h i m u r i u m , and, when t e s t e d in b u f f e r 
( T a b l e III), w e r e s i m i l a r to each o t h e r . 

Another f a c t o r i l lus t ra ted by these t ab les i s that the re la t ive r e s i s t a n c e 
of d i f f e r e n t s t r a i n s v a r i e d with the m e d i u m in which they w e r e i r r a d i a t e d . 
F o r ins tance , S. s e n f t e n b e r g appea red m o r e sens i t ive than S. typh imur ium 
in l iquid whole egg and liquid and f r o z e n egg white, while t h e r e was no s i g -
n i f i can t d i f f e r e n c e be tween the s e r o t y p e s in d r i e d whole egg , egg yo lk o r 
egg white (Table IV). The s t r a in of S. senf tenberg used throughout this work 
was the pa r t i cu la r ly h e a t - r e s i s t a n t 775W, while the s t ra in of S. typhimurium 

TABLE i n 

E F F E C T OF GASEOUS ENVIRONMENT AND TEMPERATURE 
ON THE SENSITIVITY OF STRAINS OF SALMONELLA 

IN PHOSPHATE B U F F E R TO IRRADIATION WITH GAMMA RAYS 
(LEY et a l . [3]) 

Serotype 

Djo value 
(Krad) Dio ratio 

Serotype 
Room temperature 

Frozen 
D u anoxic Din frozen 

Serotype 

Aerated Anoxic 
Frozen 

D aerated Dm aerated 

S. gallinarum 13.2 3 6 . 3 21. i 2 .7 1 .6 

S. senftenberg 13.0 38 .9 29 .9 2 . 9 2 .3 

S. typhimurium 20.8 61 .9 31 .9 2 . 9 1 .5 

S. paratyphi В. 19 .0 65 .9 49 .4 3 . 4 2 .6 
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TABLE IV 

T H E E F F E C T O F EGG P R O D U C T S ON THE SENSITIVITY 
' O F STRAINS O F S A L M O N E L L A T O IRRADIATION WITH 

H I G H - V O L T A G E C A T H O D E RAYS 

Dio ( K r a d ) * when i r r a d i a t e d in 

Product Serotype 
State of product 

Product Serotype 
Liquid Frozen Dried i 

Whole egg S. typhimurium 
S. senftenberg 

40 [28] 
17 

- 55.7, 49 .8 [29] 
60.5 , 45 .0 

Yolk S. typhimurium 
S. senftenberg -

42.7 , 53.4 [29] 
37 .9 , 48 .6 

75.9, 66 .5 [29] 
80.6 , 103 

White S. typhimurium 
S. senftenberg 

33 .8 , 40 .3 [26] 
24 .3 , 30.8 

35 .6 , 24 .9 [26]") 
16.0 , 19.0 J 80.6 , 86 .5 [26] 

White, 
sugared 

Both - - 110, 130 

* For liquid whole egg the end-point method was used. For other products two values are quoted, 
the first obtained by Schmidt 's method and the second by the survival-curve method. 

Values quoted in rep have been converted to rad: г е р я х 93/100 = rad, r e p n x 83/100 = rad. 

u s e d b y P R O C T E R et a l . [28] d i f f e r e d f r o m t h a t u s e d by B R O G L E et a l . 
[29] and NICKERSON et a l . [26]. L e y e t a l . found a s i m i l a r s i t u a t i o n , f o r 
S . ga l l ina r u m and S. s e n f t e n b e r g did not d i f f e r s ign i f i can t ly when i r r a d i a t e d 
i n b u f f e r ( T a b l e III), w h e r e a s i n w h o l e e g g t h e d i f f e r e n c e w a s s i g n i f i c a n t 
( T a b l e V) . T h i s s h o w s t h a t even the r e l a t i v e r e s i s t a n c e of d i f f e r e n t s t r a i n s 
canno t b e a s s u m e d to be t h e s a m e in d i f f e r e n t s u b s t r a t e s and m u s t be d e t e r -
m i n e d f o r any p r o d u c t to be i r r a d i a t e d . 

S i n c e t h e m e e t i n g i n D e c e m b e r s o m e a d d i t i o n a l i n f o r m a t i o n h a s b e e n 
s u p p l i e d by C O M E R and i s s h o w n i n T a b l e VI [30]. E i g h t e e n s e r o t y p e s of 
S a l m o n e l l a w e r e i r r a d i a t e d in f r o z e n w h o l e e g g m e l a n g e , a n d s u r v i v a l 
c u r v e s , s t a r t i n g w i t h a n i n i t i a l p o p u l a t i o n of a p p r o x i m a t e l y 109 c e l l s / m l , 
w e r e o b t a i n e d . T h e Dio v a l u e s c a l c u l a t e d f o r each s t r a i n r a n g e d f r o m 51 to 
77 K r a d and S. t y p h i m u r i u m w a s not one of t h e m o s t r e s i s t a n t s t r a i n s , s i n c e 
i t s Dio v a l u e w a s 60 K r a d . T h i s a g r e e s w e l l w i t h t h e v a l u e of 68 K r a d o b -
t a i n e d by L e y e t a l . f o r t h e s a m e o r g a n i s m in f r o z e n w h o l e egg ; t h e on ly 
o t h e r s e r o t y p e c o m m o n t o b o t h w o r k e r s i s S . s e n f t e n b e r g , w h i c h C o m e r 
found to b e the m o s t s e n s i t i v e , with a Dio of 51 K r a d , whi le L e y et a l . quoted 
a Dio of 47 K r a d . At t h e m o r e r e s i s t a n t end of C o m e r ' s r a n g e a r e a n u m b e r 
of s e r o t y p e s no t e x a m i n e d by L e y e t a l . , i n c l u d i n g S. g ive , m a n h a t t a n , 
t h o m p s o n , h e i d e l b e r g a n d l o n d o n , w i t h Dio v a l u e s f a l l i n g c l o s e t o g e t h e r , 
t h e h i g h e s t b e i n g 77 K r a d f o r S . g i v e . 



TABLE V 

T H E E F F E C T O F VARIOUS F O O D P R O D U C T S ON T H E S E N S I T I V I T Y O F S T R A I N S O F 
S A L M O N E L L A T O I R R A D I A T I O N W I T H G A M M A RAYS ( L E Y e t a l . [3]) 

£ D t 0 va lue (Krad) when i r radia ted in 

Serotype Whole egg 
(l iquid) 

Whole egg 
( f rozen) 

Horse m e a t 
( f rozen) 

Bone m e a l 
Des icca ted 

coconut 

S. ga l l ina rum 

S. senftenberg 

S. typhimur ium 

S. para typhi В 

S. meleagr id is 

4 3 . 0 

5 0 . 4 

6 3 . 2 

5 6 . 9 

4 6 . 8 

6 7 . 9 128 

107 

9 3 . 1 

55 .7 

9 1 . 0 

134 

158 
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C o m e r a l so showed tha t t h r e e c u l t u r e s of S. p u l l o r u m , which gave 
i d e n t i c a l r e a c t i o n s on r o u t i n e e x a m i n a t i o n , d i f f e r e d a p p r e c i a b l y in t h e i r 
Djo v a l u e s , which w e r e 57, 66 and 7 0 K r a d . 

To s u m up the r e s u l t s on v a r i a t i o n b e t w e e n s e r o t y p e s , t h i s h a s now 
b e e n s tud ied qui te t ho rough ly f o r i r r a d i a t i o n in f r o z e n egg, and t h e m o s t 
s e n s i t i v e and m o s t r e s i s t a n t s t r a i n s d i f f e r ed by a f a c t o r of only 1 . 5 . This 
d i f f e r e n c e i s c o n s i d e r a b l y s m a l l e r t han t h o s e wh ich c a n be p r o d u c e d by 
va r i a t ion in the envi ronment dur ing i r r ad i a t i on (see the next sect ion). How-
e v e r , t h e r e i s l i t t l e i n f o r m a t i o n f o r p r o d u c t s o t h e r t han f r o z e n egg, and 
m o r e would be needed b e f o r e p r o c e s s i n g condi t ions f o r any such p r o d u c t s 
could be d e t e r m i n e d . 

(3) E f f e c t of e n v i r o n m e n t du r ing i r r a d i a t i o n on s ens i t i v i t y 

Vege ta t ive b a c t e r i a a r e s t rong ly a f f ec t ed by cond i t ions ,du r ing i r r a d i -
a t ion; s o m e of t h e s e f a c t o r s a l s o in f luence the r a d i o s e n s i t i v i t y of s p o r e s , 
but to a much s m a l l e r ex ten t . Th i s b r ie f account wil l dea l only with m a i n 
e f f e c t s on vege ta t ive ce l l s , and f u l l e r i n fo rma t ion can be obtained f r o m the 
r ev iew by BRIDGES and HORNE [31]. 

(a) The oxygen effect 

It i s one of the mos t widespread obse rva t ions in radiobiology that m o r e 
d a m a g e t a k e s p l a c e fol lowing i r r a d i a t i o n in the p r e s e n c e of oxygen than in 
i t s a b s e n c e . In vege ta t ive b a c t e r i a the Dio va lues m a y be d imin i shed by a 
f a c t o r of 2. 5 - 4. 7, with a f ac to r of about 3 commonly occur r ing . Comple te -
ly anoxic conditions a r e n e c e s s a r y to at tain the higher values, for even smal l 
amoun t s of oxygen wi l l m a r k e d l y r e d u c e the D 1 0 v a l u e . F o r i n s t ance , with 
Sh ige l l a f l e x n e r i the c o n c e n t r a t i o n c o r r e s p o n d i n g to а Рщ va lue h a l f w a y 
be tween the anoxic and fully ae rob ic va lues was 4. ОцМ/1, produced by equi-
l ib ra t ion with a gas mix tu re containing only 0.3% oxygen (HOWARD-FLANDERS 
and ALPER [ 32]). 

Wi th s a l m o n e l l a e i r r a d i a t e d in b u f f e r , an oxygen e f f e c t of t h e u s u a l 
magn i tude was o b s e r v e d by Ley et a l . (Table III). NICKERSON et a l . [26] 
and BROGLE et a l . [29], i r r ad i a t i ng thin l a y e r s of va r ious egg products with 
ca thode r a y s , found no o v e r a l l d i f f e r e n c e in i n a c t i v a t i o n of s a l m o n e l l a e 
w h e t h e r a i r o r n i t r o g e n w a s p r e s e n t . In t h e i r de ta i l ed r e s u l t s the expec ted 
d i f f e r e n c e s w e r e shown in a few ins t ances ( e . g . Brogle et a l . , Table I, r e -
s u l t s f o r S. s e n f t e n b e r g in whole egg so l ids , f r o m 1 0 7 - f o l d r educ t i on t e s t ) , 
and it s e e m s p o s s i b l e that the s y s t e m they used did not a lways give e i t h e r 
fu l ly anoxic o r su f f i c ien t ly a e r o b i c condi t ions . If the oxygen e f fec t was 
indeed l ack ing , t h i s m igh t r e s u l t f r o m p r o t e c t i v e s u b s t a n c e s in t h e egg . 

F o o d s and f e e d i n g - s t u f f s may be in e i t h e r s t a t e : f o r ins tance , the i n -
t e r i o r of f r ozen meat blocks would be fully anoxic, while meal in sacks would 
have a supply of oxygen. It is obvious that de t e rmina t ions of sensi t iv i ty for 
p r o c e s s i n g r e q u i r e m e n t s should be m a d e u n d e r the a p p r o p r i a t e condi t ions 
f o r the p roduc t c o n c e r n e d . 
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(b) Freezing 

T e m p e r a t u r e c h a n g e s e i t h e r above o r be low the f r e e z i n g point have l i t t l e 
e f f e c t on t h e r a d i o s e n s i t i v i t y of v e g e t a t i v e b a c t e r i a , u n l e s s t e m p e r a t u r e s 
l e t h a l to t h e b a c t e r i a a r e a p p r o a c h e d . T h e d i f f e r e n c e b e t w e e n t h e l i q u i d 
and so l id s t a t e i s m a r k e d , h o w e v e r , wi th m u c h l e s s i nac t iva t ion t ak ing p l a c e 
i n t h e f r o z e n s t a t e . U n d e r a e r o b i c c o n d i t i o n s t h e r a t i o s of Dio v a l u e s f o r 
i r r a d i a t i o n a t - 7 5 ° C and a t r o o m t e m p e r a t u r e ( 1 0 - 1 5 ° C ) w e r e f r o m 3 . 1 -
6. 7 f o r s t r a i n s of P s e u d o m o n a s and A l c a l i g e n e s , wh i l e wi th a n a e r o b i c c o n -
d i t i o n s d u r i n g i r r a d i a t i o n t h e d i f f e r e n c e w a s s m a l l e r , wi th r a t i o s f r o m 
1. 3 t o 1 . 9 (MATSUYAMA et a l . [6]). T h e r a d i a t i o n s e n s i t i v i t y of a P s e u d o -
m o n a s s u s p e n s i o n u n d e r t h e d i f f e r e n t c o n d i t i o n s i s s h o w n i n F i g . 3 . 

50 100 

DOSE ( K r a d ) 

Fig .3 

Sensitivity of a Pseudomonas strain(MJT/FS/261) in heart infusion broth to irradiation under 
different environmental conditions. 

© RA Temperature 10-13° С, air-saturated 

• RN Temperature 10-13°C, N2-saturated 

• FA Tempera ture -75° C, air-saturated 

И FN Tempera ture -75"C, N2-saturated 

Data from MATSUYAMA et a l . Г61 

In a b u f f e r s u s p e n s i o n of E . col i , t h e t r a n s i t i o n w a s shown to t ake p l a c e 
o v e r a t e m p e r a t u r e r a n g e o fTTfew d e g r e e s , j u s t b e l o w 0°C ( S T A P L E T O N 
a n d E D I N G T O N [33]), w h i l e w i t h n a t u r a l l y o c c u r r i n g b a c t e r i a in m i n c e d 
m e a t t h e d i f f e r e n c e w a s s p r e a d o v e r a w i d e r r a n g e , f r o m 0 ° C t o - 2 0 ° C, 
p o s s i b l y c o i n c i d i n g w i t h t h e f r e e z i n g of f r e e w a t e r i n t h e m e a t ( C O L E B Y 
et a l . [34]) . 

S a l m o n e l l a e w e r e i r r a d i a t e d f r o z e n and a t r o o m t e m p e r a t u r e i n a i r -
s a t u r a t e d b u f f e r by L e y et a l . (Tab le III), and t h e r a t i o of Dm v a l u e s v a r i e d 
f r o m 1. 5 t o 2 . 6 . In l i qu id and f r o z e n w h o l e egg ( T a b l e V) t h e r e w a s l i t t l e 
d i f f e r e n c e in s e n s i t i v i t y , a r e s u l t in a g r e e m e n t wi th tha t of N i c k e r s o n et a l . 
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f o r egg white (Table IV), where , if anything, the sa lmonel lae seemed slightly 
m o r e sens i t ive in the f rozen s ta te . 

(c) Drying 

T h e r e i s s o m e ev idence that vegeta t ive b a c t e r i a a r e m o r e r e s i s t a n t to 
r ad ia t ion when dr ied (MOOS [35], LAWTON and BELLAMY [36]), as would 
be expected by compar i son with the ef fec ts of f reezing, s ince both p r o c e s s e s 
r e m o v e f r e e w a t e r f r o m the s y s t e m . Inves t i ga t i on i s d i f f i cu l t , h o w e v e r ; 
with vege t a t i ve c e l l s , s i n c e a l a r g e p r o p o r t i o n of t h e m i s k i l led by d ry ing 
a lone . 

R e s u l t s f r o m the M a s s a c h u s e t t s Ins t i tu t e of Technology (Table IV) i l -
l u s t r a t e e f fec t s on sa lmonel lae in egg p roduc t s . S. typhimurium was slightly 
m o r e r e s i s t a n t in d r i e d whole egg than in the liquid p roduc t , while 
S. s e n f t e n b e r g was v e r y much m o r e r e s i s t a n t when d r i e d . Resu l t s fo r egg 
white showed l e s s d i f f e r e n c e between the two s e r o t y p e s , the Djo va lues f o r 
both being g r e a t e r by a f a c t o r just over two in the dr ied p roduc t . 

I n f o r m a t i o n on i n a c t i v a t i o n at d i f f e r e n t l e v e l s of m o i s t u r e con ten t i s 
l a c k i n g and would be p a r t i c u l a r l y n e c e s s a r y f o r i r r a d i a t i o n p r o c e s s i n g of 
d r i e d m e a l s . 

(d) Food constituents 

Some chemica l compounds exer t a "p ro tec t ive" effect on b a c t e r i a under 
i r r a d i a t i o n , o r , in o the r words , r ad i a t ion d a m a g e i s l e s s if the compound 
i s p r e s e n t dur ing i r r ad i a t i on . Pa r t i cu l a r l y ef fect ive compounds a r e cysteine 
and cys teamine , and many o thers have some protec t ive act ion. 

Such e f fec t s have been known for some t ime when bac t e r i a w e r e i r r a d i -
a ted in food (see FULD et a l . [37]) but a r e s t i l l l i t t l e unders tood , s ince the 
m e d i u m i s h e r e so c o m p l e x . Resu l t s f o r s a l m o n e l l a e in food wi l l be d i s -
c u s s e d in the next sec t ion , and any p r o t e c t i v e e f f ec t s o b s e r v e d will be 
men t ioned . 

(4) The inac t iva t ion of s a l m o n e l l a e in v a r i o u s p r o d u c t s 

E x p e r i m e n t s in which s a lmone l l ae have been i r r a d i a t e d in food a r e 
shown in Tab les IV, V and VI and have a l ready been mentioned in connection 
with e n v i r o n m e n t a l e f f e c t s . The inac t iva t ion d o s e s ca lcu la t ed by v a r i o u s 
a u t h o r s a r e s u m m a r i z e d in Tab le VII. 

(a) Egg products 

T h e s e have r ece ived m o r e at tent ion than any o the r p roduc t b e c a u s e of 
t h e i r i m p o r t a n c e a s c a r r i e r s of s a l m o n e l l a e and b e c a u s e of the su i tab i l i ty 
of r a d i a t i o n f o r t r e a t i n g egg in t h e f r o z e n s t a t e (INGRAM et a l . [40]). 

It i s diff icul t to t e l l f r o m the l i t e r a tu r e whether egg const i tuents exerted 
any p r o t e c t i v e ac t ion on s a l m o n e l l a e . Ley e t a l . g r e w the o r g a n i s m s f o r 
3 d at 37°C in the liquid egg to r e a c h a populat ion of 1 0 8 / m l and used th i s 
c u l t u r e f o r i r r a d i a t i o n . It s e e m s l ike ly tha t a l l oxygen w a s c o n s u m e d in 
t h i s p r o c e s s and tha t the b a c t e r i a w e r e i r r a d i a t e d under anoxic condi t ions . 
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TABLE VI 

R E L A T I V E S E N S I T I V I T Y O F 18 S E R O T Y P E S O F S A L M O N E L L A 
I R R A D I A T E D IN F R O Z E N W H O L E EGG 

( C O M E R [30]) 

Serotype 
D1 0 

(Krad) 
Dose for lO ' - fo ld reduction 

(Krad) 

S. g ive 77 * 3 540 à 20* 

S. manhattan 76 ±3 530±20* 

S. thompson 73 510* 

S. heidelberg 73 510 

S. london 73 510 

S. blockley 69 480 

S. tennessee 67 470 

S. indiana 67 470 

S. kentucky 60 420 

S. canada 60 ^ 420 

S. typhimurium 60 420 

S., pullorum 59 410 

S. bareiUy 59 410 

S. montevideo 57 400 

S. oranienburg 56 390 

S. infantis 56 390 

S. enterltidis 53 370** 

S. senftenberg 51 360** 

* Mean of 6 replicates 
* * Mean of 2 replicates 

W h e n t h e i r r e s u l t s f o r egg ( T a b l e V) a r e c o m p a r e d w i t h t h o s e f o r a n o x i c 
i r r a d i a t i o n in b u f f e r ( T a b l e III), t h e s e n s i t i v i t y of S . t y p h i m u r i u m w a s t h e 
s a m e , w h i l e S . g a l l i n a r u m and S . s e n f t e n b e r g w e r e only s l i g h t l y m o r e r e -
s i s t a n t in egg . It s e e m s p o s s i b l e , t h e r e f o r e , t h a t t h e egg c o n s t i t u e n t s on ly 
e x e r t e d a s m a l l p r o t e c t i v e e f f e c t , if a n y . 

T h e Dio v a l u e s f o r s a l m o n e l l a e in l iquid egg r a n g e d f r o m t h e u n u s u a l l y 
low v a l u e of 17 K r a d f o r S. s e n f t e n b e r g (PROCTOR et a l . [28]) to 63 K r a d f o r 
S. t y p h i m u r i u m ( L E Y et a l . [3]) ( T a b l e s IV and V). I n a c t i v a t i o n d o s e s h a v e 
been b a s e d on the v a l u e s f o r S. t y p h i m u r i u m , the m o s t r e s i s t a n t s t r a i n t e s t e d 
i n l i q u i d w h o l e egg , and v a l u e s s u g g e s t e d by t h e t w o a u t h o r s w e r e 280 and 



TABLE VII 

I R R A D I A T I O N DOSES S U G G E S T E D F O R T H E I N A C T I V A T I O N O F S A L M O N E L L A E IN VARIOUS P R O D U C T S 

Product Author 
Most resistant s t rain 

tested 
Inact ivat ion 

fac tor 
Dose 

(Krad) 

Whole egg 
( l iquid) 

PROCTOR e t a l . [ 2 8 ] S. typhimur ium 10 7 280 

Whole egg 
( l iquid) 

MOSSEL [ 2 1 ] S. typhimurium 10 e 200 

Whole egg 
( liquid) 

LEY et a l . [ 3 ] S. typhimur ium 1 0 ' 442 

Whole egg 
( frozen) 

BROOKS et al . [ 3 8 ] Natural c o n t a m i n a t i o n * About 10 s 3 0 0 - 500 

Whole egg 
( frozen) 

LEY et a l . [ 3 ] S. typhimur ium 1 0 ' 476 

Whole egg 
( frozen) 

COMER [ 3 0 ] S. g ive 1 0 ' 540 

Whole egg 
(dried) 

BROGLE et a l . [ 2 9 ] S. typh imur ium & senftenberg 1 0 ' 370 

Egg yolk 
( frozen) 

BROGLE et a l . [ 29 ] S. typhimur ium & senftenberg 1 0 ' 320 

Egg yolk 
(dried) 

BROGLE et a l . [ 2 9 ] S. typh imur ium & senftenberg 1 0 ' 570 

Egg white 
( l iquid) 

NICKERSON et a l . [ 26] S. typh imur ium 1 0 ' 260 

Egg white 
( frozen) 

NICKERSON e t a l . [ 2 6 ] S. typh imur ium 1 0 ' 212 
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TABLE i v n (con t 'd ) 

Product Author 
Most resistant strain 

tested 
Inact ivat ion 

factor 
Dose 

(Krad) 

Egg white 
(dried) 

NICKERSON e t a l . [ 26] S. typh imur ium & senf tenberg 1 0 ' ' 585 

Sugared egg 
white (dried) 

NICKERSON e t a l . [ 26] S . typhimur ium & senf tenberg 1 0 ' 840 

Horse mea t 
( frozen) 

LEY [ 3 9 ] S. typhimur ium 105 640 

Bone m e a l LEY et a l . [ 3 ] S. typhimur ium 1 0 ' 640 

Desiccated 
coconut 

LEY et a l . [ 3 ] S. typhimur ium 1 0 ' 1100 

* In one exper imen t the sa lmone l lae present were S. para typhi B, S. thompson and S. pul lorum, while in another they were 
S. paratyphi В, S. newport and S. thompson. 
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442 Krad , both cor responding to an inactivation f ac to r of 107 , while MOSSEL 
[21] quoted a d o s e of 200 K r a d f o r i n a c t i v a t i o n by a f a c t o r of 106 . 

F r e e z i n g m a d e only a s m a l l d i f f e r e n c e to the r a d i a t i o n s e n s i t i v i t y of 
s a l m o n e l l a e in egg, a s a l r e a d y men t ioned . The h ighes t Dio va lue r e p o r t e d 
f o r f r o z e n egg was that of COMER [30] fo r S. give, which resu l ted in a dose 
of 540 Krad fo r inact ivat ion by a f ac to r of 107. Somewhat lower va lues , r e -
l a t ing to the r e s i s t a n c e of S. t y p h i m u r i u m , w e r e quoted by L e v et a l . f o r 
f r o z e n whole egg (476 Krad ) , NICKERSON et a l . [26] f o r f r o z e n egg whi te 
(212 K r a d ) and B R O G L E et a l . [29] f o r f r o z e n egg yolk (320 K r a d ) . 

BROOKS et a l . [38] i r r a d i a t e d f rozen whole egg natura l ly contaminated 
with S. pa ra typh i B, S. thompson and S. pu l lo rum and found su rv iva l a f t e r 
300 K r a d of ca thode r a y s , though not a f t e r 500 K r a d . Using g a m m a r a y s 

' with a d i f f e r e n t b'atch of con tamina ted egg, they found no s a l m o n e l l a e a f t e r 
300 K r a d . The f o r m e r o b s e r v a t i o n m e a n s tha t 300 K r a d i n a c t i v a t e d t h e 
in i t i a l population by a f ac to r of l e s s than 103 , implying that the Dio was 
g r e a t e r t han 100 K r a d . As the i n i t i a l popu la t ion had to be e s t i m a t e d by 
" m o s t - p r o b a b l e - n u m b e r " me thods , which have a l a r g e r ange of e r r o r , too 
much emphas i s should not be placed on th is observa t ion . However, it shows 
the d i f f i cu l t i e s of dea l ing with n a t u r a l l y con tamina ted m a t e r i a l and the n e -
ce s s i t y f o r doing so to check doses calculated f r o m inoculation exper imen t s . 

As a l r e a d y noted, d r i e d egg p r o d u c t s c o n f e r r e d a high d e g r e e of r e -
s i s t a n c e on sa lmone l l ae i r r ad i a t ed in them (Tables IV and VII), and this was 
e spec ia l ly m a r k e d fo r egg white and suga red egg white, fo r which the doses 
f o r inac t iva t ion by a f a c t o r of 107 w e r e 585 and 840 K r a d r e s p e c t i v e l y 
(NICKERSON' et a l . [26]). 

(b) Other foods and feeds 

D a t a on t h e s e p r o d u c t s a r e s c a n t y , and m u c h m o r e a r e n e e d e d . 
The app l i ca t ion of r a d i a t i o n to e l i m i n a t e s a l m o n e l l a e in f r o z e n h o r s e 

m e a t intended f o r pet food was d i s cus sed by LEY [39], and Dio va lues were 
quoted f o r t h r e e s e r o t y p e s (Table VI). The m o s t r e s i s t a n t was S. t y p h i -
m u r i u m with a Dio of 128 K r a d . Ley cons idered that inactivation by a fac to r 
of 105 would be suff icient for this product , and the dose necessa ry was t h e r e -
f o r e 640 Krad (Table VI). The markedly higher r e s i s t ance of S• typhimurium 
in t h i s p roduc t than in f r o z e n egg i s p r e s u m a b l y a t t r i bu t ab l e to s o m e p r o -
t e c t i v e in f luence of the m e a t c o n s t i t u e n t s . 

Two d r i ed p r o d u c t s have a l s o been i r r a d i a t e d by Ley et a l . , us ing 
S. t y p h i m u r i u m and S. s e n f t e n b e r g : bone m e a l and d e s i c c a t e d coconu t . 
F r o m Tab l e V it can be s e e n that the r e s i s t a n c e of S. t y p h i m u r i u m in bone 
m e a l w a s high, a s i t had a D10 of 91 K r a d , while both s e r o t y p e s w e r e e x -
t r e m e l y r e s i s t a n t in des icca ted coconut. Dio values being 134 Krad fo r s e n f -
t e n b e r g and 158 K r a d f o r t y p h i m u r i u m . These l a s t two va lues a r e h igher 
than have been found so f a r f o r any se ro type in any o ther product in spi te of 
the fact that S. s e n f t e n b e r g s t r a i n s were among the m o r e rad ia t ion-sens i t ive 
sa lmone l l ae in o the r p roduc t s . 

The m o i s t u r e content of the bone m e a l and d e s i c c a t e d coconut was not 
m e a s u r e d , and d i f f e r e n c e s in th i s r e s p e c t m a y wel l have cont r ibuted to the 
d i f f e r e n c e s in r e s i s t a n c e of the s a l m o n e l l a e in the two p roduc t s . However , 
t h e i n c r e a s e d r e s i s t a n c e in d e s i c c a t e d coconut w a s e x t r e m e l y l a r g e , and 
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it s e e m s m o r e l ike ly tha t th i s r e s u l t e d f r o m d i f f e r e n c e s in compos i t ion , p a r -
t i c u l a r l y t h e h igh f a t con t en t of t h e c o c o n u t . T h e i n c r e a s e d h e a t r e s i s t a n c e 
of b a c t e r i a in the p r e s e n c e of fa t i s wel l known and i s be l i eved to be ba sed on 
a l o c a l i z e d r e d u c t i o n in m o i s t u r e ( S C H M I D T [9], p . 750) , bu t w h e t h e r a 
s i m i l a r e f f ec t i s found wi th r a d i a t i o n has not b e e n i n v e s t i g a t e d . I t s p r a c t i c a l 
i m p o r t a n c e f o r r a d i a t i o n p r o c e s s i n g i s obv ious . 

(5) T h e p o s s i b i l i t y of d e v e l o p m e n t of m u t a n t s r e s i s t a n t t o i r r a d i a t i o n 

T h i s p o s s i b i l i t y m u s t b e c o n s i d e r e d , b e c a u s e t h e u s e of a n t i b i o t i c s i n 
h o s p i t a l s h a s shown how r e s i s t a n t s t r a i n s m a y b e deve loped on a l a r g e s c a l e 
o v e r a p e r i o d of a few y e a r s . T h e p r o b l e m s invo lved wi th r a d i a t i o n a r e not 
q u i t e s o d i f f i c u l t , h o w e v e r , b e c a u s e m a n y of t h e a n t i b i o t i c s a r e b a c t e r i o -
s t a t i c in t h e i r a c t i o n , w h i l e r a d i a t i o n i s b a c t e r i c i d a l . 

M u t a n t s m o r e r e s i s t a n t t h a n the p a r e n t s t r a i n have been de t ec t ed a m o n g 
the r e l a t i v e l y s m a l l n u m b e r of s u r v i v o r s f r o m l a r g e d o s e s of r ad i a t i on . Th i s 
h a s b e e n o b s e r v e d s e v e r a l t i m e s in E . co l i (WITKIN [41, 4 2 ] , L U C K I E S H 
and KNOWLES [43], A L P E R and GILLIES [17]) and in an A lca l i genes s t r a i n 
( T H O R N L E Y [44]) . E RDM AN et a l . [45] s t u d i e d s o m e o r g a n i s m s of p a r -
t i c u l a r i n t e r e s t in foods and u s e d a p r o c e s s of r e p e a t e d i r r a d i a t i o n , the s u r -
v i v o r s f r o m one r a d i a t i o n t r e a t m e n t b e i n g g r o w n i n b r o t h b e f o r e t h e n e x t 
i r r a d i a t i o n . By t h i s m e a n s they deve loped m o r e r e s i s t a n t s t r a i n s of E . col i , 
S t r e p , f a e c a l i s , S t a p h , a u r e u s and CI . b o t u l i n u m T y p e A, t h e l a r g e s t i n -
c r e a s e i n r e s i s t a n c e b e i n g by a f a c t o r of 1. 9 in E . c o l i . A s t r a i n of S a l -
m o n e l l a g a l l i n a r u m s h o w e d no c h a n g e in r e s i s t a n c e a f t e r 14 c o n s e c u t i v e 
i r r a d i a t i o n s . 

In s p i t e of t h i s n e g a t i v e r e s u l t w i th S . g a l l i n a r u m , it s e e m s t h a t t h e 
ab i l i t y to deve lop r a d i a t i o n r e s i s t a n t m u t a n t s i s g e n e r a l a m o n g b a c t e r i a , and 
they would be expec ted to o c c u r among s a l m o n e l l a e under su i t ab le condi t ions . 

T h i s would only l ead to t r o u b l e in food p r o c e s s i n g if the few mutan t s u r -
v i v o r s f r o m r a d i a t i o n h a d a c h a n c e t o m u l t i p l y s o a s t o b e c a p a b l e Of r e -
c o n t a m i n a t i n g t h e u n i r r a d i a t e d p r o d u c t s i g n i f i c a n t l y . T h e m a i n a i m of t h e 
p r o c e s s , to e l i m i n a t e o r v e r y g r e a t l y r e d u c e t h e s a l m o n e l l a e , m a k e s it e s -
s e n t i a l t o p r e v e n t m u l t i p l i c a t i o n of s u r v i v o r s a f t e r i r r a d i a t i o n , e i t h e r b y 
m e a n s of t he n o n - p e r i s h a b l e n a t u r e of the p r o d u c t , o r , f o r p e r i s h a b l e p r o d -
u c t s , by c h i l l i n g o r o t h e r m e a n s . C o n t r o l of c r o s s - c o n t a m i n a t i o n i n t h e 
f a c t o r y i s a l s o e s s e n t i a l ; o t h e r w i s e s a l m o n e l l a e f r o m the u n t r e a t e d p r o d u c t 
m i g h t c o n t a m i n a t e t h e i r r a d i a t e d p r o d u c t . R e g a r d i n g r e s i s t a n t m u t a n t 
s t r a i n s , t r o u b l e m i g h t a r i s e f r o m c r o s s - c o n t a m i n a t i o n in t h e o p p o s i t e d i -
r e c t i o n , f r o m t h e i r r a d i a t e d p r o d u c t t o t h e u n i r r a d i a t e d , b u t , a s a l r e a d y 
m e n t i o n e d , on ly if t h e b a c t e r i a had a c h a n c e t o m u l t i p l y a f t e r i r r a d i a t i o n . 
One could i m a g i n e t ha t t h i s m i g h t happen if food w e r e a l lowed to a c c u m u l a t e 
on c o n v e y o r b e l t s l e a d i n g in and out of t h e r a d i a t i o n s o u r c e , but s u c h o b -
v i o u s d e f i c i e n c i e s cou ld e a s i l y b e p r e v e n t e d . 

In f a c t , r a d i a t i o n h a s a n a d v a n t a g e o v e r s o m e o t h e r p r o c e s s e s a s 
r e g a r d s c o n t r o l of c r o s s - i n f e c t i o n , b e c a u s e i t c an b e app l i ed to t h e p r o d u c t 
wh i l e i t i s s e a l e d i n p a c k a g e s . 

I t i s c l e a r t h a t c a r e f u l a t t e n t i o n t o f a c t o r y d e s i g n and h y g i e n e in o p e r -
a t i o n a r e e s s e n t i a l to any p r o c e s s f o r e l i m i n a t i o n of s a l m o n e l l a e , and t h e s e 
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precau t ions would a l so s e r v e to prevent the i n c r e a s e and sp read of radiat ion 
r e s i s t a n t mutan t s . 

C . COMPARISON O F IRRADIATION WITH H E A T AND GASEOUS 
S T E R I L I Z A T I O N 

(1) R e l a t i v e e f f ec t on d i f f e r e n t m i c r o - o r g a n i s m s 

Although in format ion i s avai lable on the r e l a t i ve sensi t iv i ty of sa lmonel lae 
and o t h e r m i c r o - o r g a n i s m s to v a r i o u s a g e n t s (Table VIII), the k inds and 

TABLE VIII 

MICRO-ORGANISMS MORE RESISTANT THAN 
SALMONELLAE TO VARIOUS LETHAL AGENTS 

Type of process 

Radiation Heat Ethylene oxide 

Micrococcus radiodurans Clostridium spores Bacillus spores 

Clostridium spores Bacillus spores Clostridium spores 

Bacillus spores Microbacterium Staphylococcus 

Strep, faecium Strep, faecium and faecalis 

Micrococcus Micrococcus 

Lactobacillus Staphylococcus 

Achromobacter/ Alcaligenes Alcaligenes 
group 

Yeasts E, coli 

Staphylococcus 

n u m b e r s su rv iv ing in any s i tua t ion wil l a l so depend on the in i t i a l c o n t a m i -
na t ion ; an o r g a n i s m wi th r e s i s t a n c e s i m i l a r to t ha t of s a l m o n e l l a e would 
s u r v i v e t r e a t m e n t des igned to e l imina te the s a l m o n e l l a e if it w e r e p r e s e n t 
in i t ia l ly in suf f ic ien t ly l a r g e n u m b e r s . Converse ly , some use fu l reduct ion 
might be ef fec ted in an o r g a n i s m m o r e r e s i s t a n t than sa lmonel lae , provided 
that it was p r e s e n t ini t ia l ly in sma l l n u m b e r s . 

(a) Radiation 

The r ad i a t i on sens i t i v i ty of s o m e s t r a i n s of food spoi lage and food 
po i son ing o r g a n i s m s i s shown in F i g . 1. T h e s e r e s u l t s r e l a t e to a e r o b i c 
condi t ions , except those f o r the two Clos t r id ia and poss ib ly those f o r 
S. t y p h i m u r i u m in liquid egg. It can be s e e n that a dose of 450 K r a d would 
inac t iva te the in i t i a l populat ion of S. t y p h i m u r i u m in egg to a l eve l of 10-7 
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but would c a u s e v e r y l i t t l e r e d u c t i o n in n u m b e r s of M i c r o c o c c u s r a d i o d u r a n s 
o r C I . b o t u l i n u m s p o r e s , w h i l e s p o r e s of C I . w e l c h i i and B . m e g a t e r i u m 
would be r e d u c e d by a f a c t o r of 102, and the r e s i s t a n t s t r a i n of S t r e p . f a e c i u m 
s h o w n h e r e , by a f a c t o r of about 10 3. T h e s e a r e a l l unusua l l y r e s i s t a n t 
o r g a n i s m s , and M . r a d i o d u r a n s i s the only v e g e t a t i v e b a c t e r i u m known wi th 
a h i g h e r r e s i s t a n c e than c l o s t r i d i a l s p o r e s h a v e . O t h e r Clostridia have a l s o 
shown a high r e s i s t a n c e ( e . g . C l . s p o r o g e n e s , NIVEN [46]), w h e r e a s Bac i l lus 
s p o r e s m a y b e s i m i l a r t o B . m e g a t e r i u m ( e . g . B . s t e a r o t h e r m o p h i l u s , 
N I V E N [46], B . a n t h r a c i s , L E Y [47]) o r m o r e s e n s i t i v e , l i k e B . b r e v i s i n 
F i g . 1 . 

B e s i d e s t h e s e u n u s u a l l y r e s i s t a n t b a c t e r i a , m a n y o t h e r s h a v e shown a 
g r e a t e r r a d i a t i o n r e s i s t a n c e t h a n h a v e s a l m o n e l l a e , p a r t i c u l a r l y s t r a i n s of 
M i c r o c o c c u s , S t r e p t o c o c c u s , L a c t o b a c i l l u s , t he A c h r o m o b a c t e r - A l c a l i g e n e s 
g r o u p and v a r i o u s y e a s t s ( S C H M I D T - L O R E N Z and FARKAS [4], NIVEN [46], 
T H O R N L E Y [48], BRIDGES et a l . [49]). 

S t aph , a u r e u s s t r a i n s w e r e m o r e r e s i s t a n t t h a n w e r e t w o s e r o t y p e s of 
S a l m o n e l l a e when i r r a d i a t e d in b r o t h and w e r e inac t iva t ed at n e a r l y the s a m e 
r a t e in b u f f e r so lu t ion (ERDMAN et a l . [27]), whi le with c r u d e s t aphy lococca l 
t o x i n , e m e t i c a c t i v i t y f o r c a t s w a s r e d u c e d by 110 000 r e p and a b s e n t a f t e r 
2 . 2 X 1 0 6 r e p . 

It i s c l e a r t h a t a wide r a n g e of o r g a n i s m s m i g h t be e x p e c t e d to s u r v i v e 
i r r a d i a t i o n t r e a t m e n t des igned t o e l i m i n a t e s a l m o n e l l a e , and the o b s e r v a t i o n s 
of B R O G L E et a l . [29] a r e i n t e r e s t i n g in t h i s c o n n e c t i o n . T h e y found t h a t 
t h e d o s e s n e c e s s a r y to e l i m i n a t e a l l m i c r o - o r g a n i s m s o r i g i n a l l y p r e s e n t 
at about 105 j g i n v a r i o u s egg p r o d u c t s w e r e two to f ive t i m e s h i g h e r than the 
d o s e s n e c e s s a r y t o e l i m i n a t e s a l m o n e l l a e , p r e v i o u s l y i n o c u l a t e d to a - l e v e l 
of abou t 1 0 6 / g . 

(b) Heat 

Heat p r o c e s s e s in u s e f o r t he d e s t r u c t i o n of s a l m o n e l l a e have been l i s t e d 
by H o b b s , and of t h e s e t h e p a s t e u r i z a t i o n of l iqu id e g g h a s b e e n m o s t 
t h o r o u g h l y s t u d i e d . Mos t s t r a i n s of s a l m o n e l l a e in egg w e r e i n a c t i v a t e d by 
h e a t a t a b o u t t h e s a m e r a t e , bu t a f e w s t r a i n s w e r e v e r y m u c h m o r e r e -
s i s t a n t : f o r i n s t a n c e , S. s e n f t e n b e r g 775W d i f f e r e d f r o m t h e m o s t s e n s i t i v e 
s t r a i n s by a f a c t o r of 1 0 - 2 0 t i m e s ( O S B O R N E et a l . [50], W I N T E R et a l . 
[51], A N E L L I S e t a l . [52]) . T h i s d i f f e r s f r o m t h e s i t u a t i o n o b s e r v e d w i t h 
r a d i a t i o n , w h e r e r e s i s t a n c e on ly v a r i e d by a f a c t o r of 1. 5 b e t w e e n t h e S a l -
m o n e l l a s t r a i n s s o f a r t e s t e d ( e x c e p t f o r t h e o b s e r v a t i o n s of P R O C T O R 
e t a l . [28], w h e r e S. s e n f t e n b e r g a p p e a r e d u n u s u a l l y s e n s i t i v e ) , a n d s u c h 
f a c t o r s m a y be i m p o r t a n t in p r o c e s s i n g . F o r i n s t a n c e , t h e p a s t e u r i z a t i o n 
of l iqu id egg m u s t be c o n t r o l l e d wi th in a v e r y n a r r o w r a n g e of t e m p e r a t u r e 
and t i m e to al low d e s t r u c t i o n of h e a t - r e s i s t a n t s t r a i n s of S. s e n f t e n b e r g w i t h -
out d a m a g e to the p r o d u c t (MURDOCK et a l . [53], S H R I M P T O N et a l . [54]). 

B a c t e r i a l i k e l y to s u r v i v e h e a t p a s t e u r i z a t i o n a r e l i s t e d in T a b l e VIII . 
With the excep t ion of the Clostridia and s t aphy lococc i , t h e s e w e r e a l l i so la ted 
f r o m p a s t e u r i z e d mi lk and shown to s u r v i v e hea t ing in mi lk at 63°C f o r 30 m i n 
(THOMAS et a l . [55], A B D - e l - M A L E K and GIBSON [56], C R O S S L E Y [57]). 
S o m e f o o d - p o i s o n i n g s t r a i n s of S t a p h y l o c o c c u s a r e a l s o of a c o m p a r a b l e 
h e a t r e s i s t a n c e (GROSS and V I N T O N [58]) . B e s i d e s t h e i r o c c u r r e n c e i n 
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p a s t e u r i z e d milk, the s p o r e f o r m e r s a r e impor tan t in al l kinds of h e a t -
p r o c e s s e d foods, s t r e p t o c o c c i in h e a t - p a s t e u r i z e d canned h a m s (INGRAM 
and HOBBS [59], INGRAM and BARNES [60]), and both s t r e p t o c o c c i and 
m i c r o c o c c i have shown an unusual degree of heat r e s i s t ance in the p r e s e n c e 
of fat (JENSEN [61], p. 273 - 2 7 4 , INGRAM [62]). 

(c) Gaseous sterilization 

Thi s subjec t has been reviewed recen t ly by BRUCH [63] and e a r l i e r by 
m a n y o t h e r s (PHILLIPS and KAYE [64], P H I L L I P S [65], P A P P A S and 
HALL [66], RAUSCHER et a l . [67], P H I L L I P S and WARSHOWSKY [68]); 
s o m e a p p l i c a t i o n s in the food i n d u s t r y have b e e n d e s c r i b e d by H o b b s . 

All the ac t ive compounds a r e alkylating agents , and ethylene oxide has 
been much m o r e widely used than any o the r . 

B a c t e r i a l s p o r e s w e r e m o r e r e s i s t a n t than w e r e vege t a t i ve b a c t e r i a , 
y e a s t s and moulds (TOTH [69]), and among the s p o r e - f o r m e r s , s t r a i n s of 
B . sub t i l i s and CI . s p o r o g e n e s w e r e p a r t i c u l a r l y r e s i s t a n t ( F R I E D L et a l . 
[70], BRUCH [63]). Vege ta t ive ce l l s of B . globigi i , S taph , a u r e u s . 
M y c o b a c t e r i u m phlei and Gaffkya t e t r agena w e r e a l l m o r e r e s i s t a n t , by a 
f a c t o r of two to t h r e e t i m e s , than w e r e E b e r t h e l l a typh i ( = S a l m o n e l l a 
typhosa), Klebsie l la pneumoniae and E. coli (PHILLIPS [71]). Other r epor t s 
a l s o show tha t s t a p h y l o c o c c i m a y be m o r e r e s i s t a n t than a r e s o m e o t h e r 
v e g e t a t i v e b a c t e r i a ( e . g . RAUSCHER et a l . [67]). 

The appl icat ion of e thylene oxide to r e m o v e sa lmone l l ae in egg powder 
has been desc r ibed , but ADAM [72] mentioned possible nutr i t ional and toxi-
co log ica l h a z a r d s . MAYR and KAEMMERER [73] d e s c r i b e d m i x t u r e s of 
e thy lene oxide with e i t h e r me thy l • b r o m i d e o r e thyl f o r m a t e a s be ing p a r -
t i c u l a r l y e f f ec t i ve f o r inac t iva t ing s a l m o n e l l a e in egg p o w d e r . 

(d) Summary 

Although the mechan i sms of inactivation by heat and radiation a r e thought 
to be quite d i f f e ren t , b a c t e r i a belonging to the s a m e groups a r e r e s i s t a n t to 

_ both; in addit ion to the s p o r e - f o r m e r s , th i s app l i e s to m i c r o c o c c i , f a e c a l 
s t r ep tococc i , some Alca l igenes s t r a in s and s taphylococci , although the las t 
named appear to be only sl ightly more r e s i s t an t to radiat ion than sa lmonel lae 
a r e . The s p o r e - f o r m e r s and s taphylococc i a r e a l so r e s i s t a n t to ethyltene 
oxide, which i s thought to have some r e s e m b l a n c e to radiat ion in i ts mode of 
ac t ion (ALEXANDER and STACEY [74]). T h i s b road c o r r e l a t i o n be tween 
r e s i s t a n t genera does not, however, extend to individual species and s t ra ins , 
s ince the ex t remely r ad ia t ion - re s i s t an t Micrococcus radiodurans is not p a r -
t i cu la r ly h e a t - r e s i s t a n t (ANDERSON et a l . [8]), and, as a l ready mentioned, 
the m o s t h e a t - r e s i s t a n t s t r a i n of S. s en f t enbe rg is not espec ia l ly r a d i a t i o n -
r e s i s t a n t . 

(2) Othe r cons ide ra t ions 

As shown above, the r e l a t i v e r e s i s t a n c e of d i f f e r en t m i c r o - o r g a n i s m s 
to the t h r e e p r o c e s s e s is broadly s imi la r , in that bac te r i a l s p o r e s a r e much 
m o r e r e s i s t a n t than a r e sa lmone l lae and some other vegetat ive bac t e r i a a r e 



TABLE IX 

F A C T O R S A F F E C T I N G M I C R O B I A L I N A C T I V A T I O N BY D I F F E R E N T P R O C E S S E S 

Factor Radiation Heat Ethylene oxide * 

Anoxia Reduces inac t iva t ion - • -

Drying Reduces inac t iva t ion Reduces inac t iva t ion Only app l i cab le to dried 
f ine ly-div ided products 

Good inac t iva t ion at 
re la t ive humidi t ies of 
25- óO^o, less in very dry 
products or near 
saturation [ 1 5 ] 

Freezing Reduces inac t iva t ion Not app l i cab le Not appl icable 

Tempera tu re 
( above f reez ing point) 

Lit t le inf luence Q l 0 is 2 . 7 be tween 5° С 
and 3 7 ° C . In p rac t i ce , 
good inac t iva t ion be tween 
25°С and 35"C , l i t t le 
below 12" С [ 7 1 . 67] 

р н Little inf luence Most inac t iva t ion in 
acid products, pH < 4 . 5 

Sa lmone l l ae in egg 
more resistant a t pH 
5 . 5 than at 8 . 0 £52] 

Not known 

Food consti tuents Some reduce 
inac t iva t ion . 

Some, especia l ly fats, 
reduce inac t iva t ion 

Reduce inac t iva t ion if 
bac ter ia are occ luded 
in crystals 
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* Other gaseous sterilants differ in moisture requirements e t c . (see BRUCH С63]) . 
Other references are c i ted in the t ex t . о 
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a l s o m o r e r e s i s t a n t . Only in excep t iona l c a s e s wi l l t h i s f a c t o r be i m p o r t a n t 
in d e t e r m i n i n g the type of t r e a t m e n t u s e d . 

F a c t o r s s u c h a s c o n v e n i e n c e of a p p l i c a t i o n , p o s s i b l e d a m a g e to n u -
t r i t i o n a l p r o p e r t i e s o r p r o d u c t i o n of t o x i c s u b s t a n c e s , and e c o n o m i c c o n -
s i d e r a t i o n s a r e m u c h m o r e l ike ly to be d e c i s i v e . Mos t of t h e s e a r e o u t s i d e 
the s c o p e of th i s p a p e r , but f a c t o r s a f fec t ing m i c r o b i a l inac t iva t ion a r e s u m -
m a r i z e d in T a b l e I X . M o s t of t h e s e p o i n t s h a v e a l r e a d y b e e n m e n t i o n e d , 
but i t i s w o r t h s t r e s s i n g tha t r a d i a t i o n i s t h e only p r o c e s s which can be 
a p p l i e d to p r o d u c t s whi le they a r e f r o z e n . 
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TECHNOLOGICAL ASPECTS OF FOOD IRRADIATION WITH PARTICULAR REFERENCE TO SALMONELLAE 
ELIMINATION. The properties and sources of gamma rays and electrons for the treatment of food are reviewed. 

The dose requirement for the adequate elimination of salmonellae varies with the particular food product 
in question but is on the order of 0.5 Mrad. At this dose level most foods are not appreciably changed in 
qual i ty . Significant losses of vitamins do not occur , and the protein value of the product is not changed . 

Radiation processing seems technologically feasible for the purpose of salmonellae elimination in food 
and feed products. High capital costs are involved in the establishment of a radiation plant. For instance, the 
total investment involved in a Cos»-plant designed to process 13 000 tons of frozen horse m e a t per annum 
at a dose of 0.65 Mrad would be approximately £250 000, most of it being the purchase of the isotope. Allowing 

for the replacement of the cobalt and based on a ten-year amort izat ion for the plant itself, the cost for the 

t rea tment would be approximately 0.56d per pound. 

In view of the lack of technological development in many countries producing foods and feeds, it seems 

likely that the first irradiation plant will be installed at an import centre. > 

ASPECTS TECHNOLOGIQUES DE L'IRRADIATION DES ALIMENTS, NOTAMMENT EN VUE DE L'ÉLIMI-

NATION DES SALMONELLAE. L'auteur examine les propriétés des rayons gamma et des électrons au point 

de vue du t ra i tement des al iments e t les sources que l 'on peut utiliser à cet ef fe t . 

La dose requise pour él iminer convenablement les Salmonellae varie selon l e produit a l imentaire con-

sidéré, tout en étant cependant de l 'ordre de 0.5 Mrad, niveau auquel la quali té de la plupart des al iments 

n'est pas altérée de façon notable. Une telle dose n'entrafhe pas d'appauvrissement important en vitamines e t 

ne modif ie pas la teneur du produit en protéines. 

Pour l 'él imination des Salmonellae se trouvant dans la nourriture de l 'homme et dans celle des animaux, 

le t ra i tement par irradiation semble être possible du point de vue technique. La création d 'une installation 

d' irradiation exige des investissements importants. Par exemple une installation au cobalt-60, qui traiterait 

13 000 t de viande de cheval congelée par an, à raison d'une dose de 0,65 Mrad, coflterait environ 250 000£, 

dont la plus grande part ie représenterait le prix de l ' isotope. Compte tenu du renouvellement du cobalt e t 

d'un amortissement de l 'installation en dix ans, le traitement reviendrait approximativement à 0,56d par livre. 

Comme beaucoup de pays producteurs de denrées alimentaires n'ont pas encore at teint un stade de dé-

veloppement technologique suffisant, on a des raisons de penser que la première installat ion d ' i r radia t ion 

sera é tabl ie dans un centre d ' importat ion. 

ТЕХНИЧЕСКИЕ АСПЕКТЫ ОБЛУЧЕНИЯ ПИЩЕВЫХ ПРОДУКТОВ С ОСОБЫМ УПОРОМ НА УНИЧТОЖЕНИЕ САЛМОНЕЛЛЫ. 
Рассматриваются свойства и источники гамма-лучей и электронов, используемых для обработки пище-
вых продуктов. 

Доза, необходимая для уничтожения салмонеллы, меняется в зависимости от конкретного пищевого 
продукта, но должна быть порядка 0,5 мград. При этой дозе облучения не происходит заметного 
изменения качества большинства пищевых продуктов. Не происходит заметного уменьшения содержания 
витаминов, и белковая ценность продукта также не меняется. 

Применение радиационной обработки для уничтожения салмонеллы в пищевых продуктах и кормах 
представляется технически осуществимым. Создание установки для облучения связано с большйми 
капитальными затратами. Например, общая сумма капиталовложений в установку с Со в о, рассчитан-
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ную на обработку 13 ООО т замороженной конины в год дозой 0,65 мград, составит приблизительно 
250 ООО ф.ст.; большая часть этой суммы пойдет на приобретение изотопа. Если учесть необходи-
мость замены кобальта и десятилетний срок аммортизации самой установки, то стоймость обработки 
одного фунта мяса составит приблизительно 0,56 пенса. 

В связи с тем, что многие страны, производящие продукты питания и корма, являются техни-
чески неразвитыми, представляется целесообразным установить первую установку для облучения в 
импортном центре. 

ASPECTOS TECNOLÓGICOS DE LA IRRADIACIÓN DE ALIMENTOS - ELIMINACIÓN DE LAS SALMONELLAE. 
La memoria revisa las propiedades y las fuentes de rayos gamma y de electrones para el tratamiento de alimentos. 

La dosis requerida para eliminar adecuadamente las Salmonellae varia con el producto alimenticio de que 
se t ra te , pero es del orden de los 0,5 Mrad. Con esta intensidad de dosis casi ningún producto a l iment ic io 
sufre alteraciones de calidad apreciables. No se producen pérdidas importantes de vitaminas y el valor pro-
te íhico del producto permanece inalterado. 

Desde e l punto de vista tecnológico, parece posible emplear radiaciones para eliminar las Salmonellae 
en los alimentos y forrajes. La planta de irradiación requiere una inversión de capi ta l muy e levada . Por 
e jemplo, la inversión total en una instalación de «»Co diseflada para tratar 13 000 t de came de caballo conge-
lada por aflo con una dosis de 0,65 Mrad, sería del orden de 250 000 libras esterlinas, de las cuales la mayor 
parte se emplearía para la adquisición del isótopo. Considerando la renovación del cobalto y que el hecho de 
que la planta se deba amortizar en 10 anos, el costo del tratamiento seria aproximadamente de 1 penique por 
kilogramo. 

En vista del escaso desarrollo técnico en muchos de los países que producen alimentos y forrajes, es de 
suponer que la primera planta de irradiación se instalará en un centro de importación. 

T h e ion iz ing r a d i a t i o n s m o s t a p p r o p r i a t e f o r t h e t r e a t m e n t of food a r e 
g a m m a r a y s , e m i t t e d by n a t u r a l l y o c c u r r i n g and a r t i f i c i a l r a d i o a c t i v e e l e -
m e n t s , and e l e c t r o n s g e n e r a t e d in t h e f o r m of a b e a m by e l e c t r i c a l m a -
c h i n e s . Both t h e s e types of r a d i a t i o n a r e l e tha l to m i c r o - o r g a n i s m s , p a r a -
s i t e s and i n s e c t p e s t s ; t h e y can be app l i ed wi thout c a u s i n g an a p p r e c i a b l e 
r i s e in t e m p e r a t u r e ; and they a r e p e n e t r a t i n g , so tha t p r o d u c t s can be p r e -
p a c k e d b e f o r e t r e a t m e n t . T h e c h o i c e of t h e t y p e s of r a d i a t i o n s u i t a b l e 
f o r food p r o c e s s i n g i s , of c o u r s e , l i m i t e d by the f a c t t ha t no r a d i o a c t i v i t y 
m u s t be induced by the t r e a t m e n t and the r ad ia t ion mus t be avai lable in l a r g e 
amoun t s and at economic cos t to be of c o m m e r c i a l va lue . 

P R O P E R T I E S AND P R O P O S E D S O U R C E S O F GAMMA RAYS AND 
E L E C T R O N S 

(a) G a m m a r a y s 

G a m m a r a y s a r e e l e c t r o m a g n e t i c r a d i a t i o n . T h e y c a n e n e r g i z e i n -
dividual a t o m s and m o l e c u l e s in the m e d i u m through which they p a s s , t h e i r 
mode of ene rgy t r a n s f e r depending on the ene rgy leve l of the g a m m a photons 
i n v o l v e d . The r e s u l t , h o w e v e r , i s t ha t t he e n e r g y of t he e l e c t r o m a g n e t i c 
r a d i a t i o n is conve r t ed l a r g e l y into ene rgy of i n t e rna l l y genera ted e l e c t r o n s . 
T h e s e e l e c t r o n s d i s s i p a t e t h e i r e n e r g y in the m e d i u m a long w e l l d e f i n e d 
t r a c k s , l eav ing m o l e c u l e s in t h e i r v ic in i ty in v a r i o u s s t a t e s of d i s t u r b a n c e 
so that they b e c o m e chemica l ly ac t ive and take pa r t in c e r t a in r e a c t i o n s , d e -
pend ing on the n a t u r e of the m e d i u m . Whi ls t the t o t a l amount of c h e m i c a l 
change induced in food t r e a t e d at the d o s e l e v e l s r e q u i r e d f o r v a r i o u s p r o -
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p o s e d p r o c e s s e s i s v e r y s m a l l , i n l i v i n g c e l l s v i t a l c h a n g e s o c c u r w h i c h 
l e a d t o t h e d e a t h of t h e c e l l . 

T h e s o u r c e s of g a m m a r a y s w h i c h h a v e b e e n s e r i o u s l y c o n s i d e r e d f o r 
t h e t r e a t m e n t of food a r e c o b a l t - 6 0 , c a e s i u m - 1 3 7 and s p e n t f u e l r o d s . 
C o b a l t - 6 0 h a s been c h o s e n a s the m o s t u s e f u l f o r r a d i a t i o n p r o c e s s i n g s ince 
i t c a n b e p r o d u c e d i n l a r g e a m o u n t s by b o m b a r d m e n t of c o b a l t - 5 9 w i t h 
n e u t r o n s in a n u c l e a r r e a c t o r . It h a s a h a l f - l i f e of 5 y r ( t i m e t aken to d e c a y 
t o half i t s o r i g i n a l ac t iv i ty) , and it e m i t s r a d i a t i o n which i s a m i x t u r e of two 
photon e n e r g i e s , 1.17 and 1.33 M e V . A l o w - e n e r g y be ta r a d i a t i o n ( e l e c t r o n s 
f r o m t h e n u c l e i of r a d i o a c t i v e e l e m e n t s ) i s a l s o e m i t t e d , but t h i s i s l a r g e l y 
s e l f - a b s o r b e d in t h e s o u r c e s and c a n be i g n o r e d . The g a m m a r a y s a r e v e r y 
p e n e t r a t i n g ; i t t a k e s a b o u t 12 i n (30 c m ) of w a t e r t o r e d u c e t h e a b s o r b e d 
d o s e t o 50% of t h a t a t t h e s u r f a c e . I n t h e c o n s t r u c t i o n of r a d i a t i o n p l a n t 
t h e c o b a l t - 6 0 s o u r c e i s h o u s e d in a c o n c r e t e c h a m b e r w i t h w a l l s abou t 5 f t 
(1 .5 m) t h i c k s o tha t t h e d o s e at t h e o u t e r s u r f a c e i s l e s s than the l i m i t s p e -
c i f i e d a s a c c e p t a b l e f o r n o n - r a d i a t i o n w o r k e r s . R e g u l a t i o n s g o v e r n i n g t h e 
s a f e o p e r a t i o n of r a d i a t i o n s o u r c e s a l r e a d y e x i s t i n m o s t c o u n t r i e s . 

C a e s i u m - 1 3 7 i s a n i s o t o p e w i t h a h a l f - l i f e of 33 y r . It e m i t s g a m m a 
r a y s of 0 .66 M e V , and i t a l s o h a s a s m a l l b e t a c o m p o n e n t . It o c c u r s i n 
r e a s o n a b l e a m o u n t in t h e f i s s i o n p r o d u c t s f r o m n u c l e a r r e a c t o r s ; and if i t 
c o u l d b e e x t r a c t e d a n d p u r i f i e d , i t w o u l d m a k e a u s e f u l s o u r c e f o r r a d i -
a t i o n a p p l i c a t i o n s . H o w e v e r , a h i g h c a p i t a l i n v e s t m e n t i n p l a n t s u i t a b l e 
f o r i t s l a r g e - s c a l e p r o d u c t i o n would be r e q u i r e d , and t h i s i s not a t p r e s e n t 
w a r r a n t e d , p a r t i c u l a r l y in v i e w of t h e a v a i l a b i l i t y of c o b a l t - 6 0 . 

T h e spen t f ue l r o d s f r o m n u c l e a r r e a c t o r s have been u s e d e x p e r i m e n t a l -
l y a s s o u r c e s of g a m m a r a d i a t i o n f o r t he t r e a t m e n t of f o o d . T h e y a r e u s e d 
d u r i n g the " c o o l i n g " p e r i o d b e t w e e n r e m o v a l f r o m a r e a c t o r and p r o c e s s i n g 
f o r r e c o v e r y of u s e f u l f u e l m a t e r i a l . T h e r o d s con ta in a v a r i e t y of i s o t o p e s 
e m i t t i n g g a m m a r a y s of a w i d e s p e c t r u m of e n e r g y l e v e l s . M a n y of t h e 
i s o t o p e s a r e of s h o r t h a l f - l i f e s o t ha t t he i n i t i a l h igh d o s e r a t e f a l l s r a p i d l y , 
a n d i t w o u l d b e n e c e s s a r y t o i n t r o d u c e f r e s h r o d s a t f r e q u e n t i n t e r v a l s if 
p r o d u c t i o n of m a t e r i a l i r r a d i a t e d in t h i s way w e r e to be m a i n t a i n e d . A r a d i -
a t i on p l an t d e s i g n e d to u s e spen t f u e l r o d s would have to be c o n s t r u c t e d c l o s e 
t o a n e x i s t i n g n u c l e a r r e a c t o r . T h i s g a m m a - r a y s o u r c e i s not l i k e l y to be 
u s e d , t h e r e f o r e , in c o m m e r c i a l r a d i a t i o n p l a n t . 

It shou ld be m e n t i o n e d in c o n n e c t i o n wi th the u s e of spen t f u e l r o d s t ha t 
a s m a l l n e u t r o n f l u x e x i s t s , s i n c e s o m e of t h e g a m m a r a y s e m i t t e d h a v e 
photon e n e r g i e s g r e a t e r t han 2.28 MeV, the t h r e s h o l d e n e r g y f o r the g a m m a -
n e u t r o n r e a c t i o n on d e u t e r i u m , w h i c h i s p r e s e n t in a l l n a t u r a l h y d r o g e n o u s 
m a t e r i a l s ( e . g . w a t e r ) . T h e n e u t r o n f lux i s , h o w e v e r , qui te s m a l l , and the 
a m o u n t of r a d i o a c t i v i t y tha t would be p r o d u c e d in food i s l e s s than t h a t f r o m 
n a t u r a l r a d i o a c t i v i t y s o t h a t no h e a l t h h a z a r d e x i s t s i n t h e u s e of a s p e n t 
f u e l r o d s o u r c e f o r e x p e r i m e n t a l p u r p o s e s [ 1 ] . 

(b) E l e c t r o n b e a m s 

E l e c t r o n b e a m s ( o r c a t h o d e r a y s ) a r e e m i t t e d f r o m a c a t h o d e a n d a r e 
a c c e l e r a t e d by e l e c t r o s t a t i c f o r c e s a long an e v a c u a t e d t u b e , r e a c h i n g v e l o c -
i t i e s a p p r o a c h i n g tha t of l i g h t . T h e y e m e r g e in the f o r m of a n a r r o w b e a m 
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t h r o u g h a v e r y t h in m e t a l window. T h e e l e c t r o n s a c q u i r e k ine t i c e n e r g y 
which i s u s u a l l y s p e c i f i e d in t e r m s of the e l e c t r o n vol t (eV) . 1 eV i s the 
e n e r g y gained by an e l e c t r o n in a c c e l e r a t i n g th rough a potent ia l d i f f e r e n c e 
of 1 V and i s equ iva len t to 1.602 X 10"12 e r g s ; t h e c o m m o n p r a c t i c a l un i t 
of e n e r g y i s a m i l l i o n e l e c t r o n v o l t s (MeV). 

E l e c t r o n s e n t e r i n g a m e d i u m behave in the s a m e m a n n e r a s t h o s e i n -
t e r n a l l y gene ra t ed by g a m m a r a y s , and t h e r e f o r e c h e m i c a l r e a c t i o n s i n i t i -
a ted by both types of rad ia t ion would be expected to be s i m i l a r . Since e l e c -
t r o n s a r e charged p a r t i c l e s , they do not pene t r a t e into m a t e r i a l to the s a m e 
ex ten t a s g a m m a r a y s do, a l though t h i s depends on the e n e r g y l e v e l e m -
ployed and the dens i ty of the m a t e r i a l . 1 -MeV e l e c t r o n s give a r e a s o n a b l y 
u n i f o r m dose to only about l / 8 - i n (0.3-cm) th ickness of m a t e r i a l of unit den-
s i t y , but it i s pos s ib l e to double t h i s f i g u r e by i r r a d i a t i o n f r o m both s i d e s . 
E l e c t r o n b e a m s can be def lec ted or focussed by magne t ic m e a n s and can be 
u s e d to s c a n l a r g e a r e a s of m a t e r i a l . T h e dose r a t e ach ieved by m a c h i n e 
s o u r c e s i s ve ry high; r a t e s of mil l ions of r ad pe r second compare with r a t e s 
of s e v e r a l h u n d r e d t h o u s a n d r a d p e r h o u r f r o m g a m m a - r a y s o u r c e s . In 
sp i te of the low pene t ra t ion of e l ec t rons , heavy concre te shielding h a s to be 
u s e d to house the m a c h i n e s , s ince s c a t t e r e d e l e c t r o n s p roduce pene t r a t i ng 
X - r a y s (b remss t r ah lung) when they s t r i ke ob jec t s , p a r t i c u l a r l y dense m e t a l s , 
in the v ic in i ty . 

Va r ious types of e l e c t r o n mach ine have, been developed, cons ide rab le 
p r o g r e s s having been made in t h e i r des ign and cons t ruc t ion within the l a s t 
few y e a r s . 

1. Van de Graaff accelerator 

A moving bel t c a r r i e s e l e c t r o s t a t i c cha rge f r o m a low-vol tage s o u r c e 
to an in su la t ed h igh -vo l t age t e r m i n a l . T h i s vo l t age i s u s e d t o a c c e l e r a t e 
e l e c t r o n s down a long evacua ted tube , the b e a m e m e r g i n g t h r o u g h a th in 
window of m e t a l f o i l . 

2. Linear accelerator 

Elec t rons a r e in jected into an evacuated wave guide energized by a high-
power m a g n e t r o n . The e l ec t rons r i de on the t r ave l l i ng wave propaga ted by 
the guide and ex t r ac t energy f r o m it; 1 m of wave guide can acce l e r a t e e l ec -
t r o n s up to 4-MeV energy . 

3. Resonant transformer 

The vol tage de r ived f r o m a r e sonan t t r a n s f o r m e r i s used to a c c e l e r a t e 
e l e c t r o n s down a tube . E l e c t r o n s flow only dur ing one h a l f - c y c l e of the 
anode vol tage , r e s u l t i n g in a r ange of e l e c t r o n e n e r g i e s . 

4. Capacitron 

T h i s c o n s i s t s of a number of c a p a c i t o r s which a r e cha rged in p a r a l l e l 
f r o m a DC g e n e r a t o r and then connected in s e r i e s to provide a high-vol tage 
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p u l s e (about 1 jus). The high vol tage a c c e l e r a t e s e l e c t r o n s in an a c c e l e r a t i n g 
t u b e . 

5. Cockcroft-Walton generator 

T h i s g e n e r a t o r suppl ies a cont inuous b e a m of e l e c t r o n s of u n i f o r m 
ene rgy , the high vol tage being produced by m e a n s of a network of r e c t i f i e r s 
and c o n d e n s e r s . A v a r i a n t of t h i s type of g e n e r a t o r i s known a s t h e 
"Dynamitron"- , which i s c apab l e of s e v e r a l kW output at 1 - 4 MeV. 

6. Insulated core transformer 

A t r a n s f o r m e r which h a s a s e g m e n t e d m a g n e t i c c o r e with i n s u l a t i o n 
b e t w e e n s u c c e s s i v e s e g m e n t s i s u s e d to g e n e r a t e high v o l t a g e s . T h e p o -
t e n t i a l of the c o r e s e g m e n t s can be g r a d e d to m a t c h t h a t of t h e l o c a l 
secondary windings, thus reducing the s t r e s s on the insulat ion between wind-
ing and c o r e . A cont inuous b e a m of e l e c t r o n s i s p rov ided , and power o u t -
pu t s of s e v e r a l k i lowat t s can be obta ined . 

RADIATION UNITS 

The unit of dose of rad ia t ion i s the r a d , and this i s defined as the quan-
t i ty of ionizing r ad i a t i on which r e s u l t s in an e n e r g y depos i t ion of 100 e r g / g 
of t r e a t e d m a t e r i a l . In the f i e ld of food i r r a d i a t i o n it i s u s e f u l to r e f e r t o 
m u l t i p l e s o r f r a c t i o n s of 1 000 000 r a d (1 M r a d ) . 

Isotope s o u r c e s t reng th i s m e a s u r e d in c u r i e s , 1 с being defined a s the 
quan t i ty of any r a d i o a c t i v e m a t e r i a l g iving 3.7 X 1010 d i s i n t e g r a t i o n s p e r 
s e c o n d . T h e r a d i o a c t i v i t y of 1 g of r a d i u m i s a p p r o x i m a t e l y 1 c . 

P O T E N T I A L FOOD A P P L I C A T I O N S 

Dur ing the l a s t t en y e a r s a c o n s i d e r a b l e r e s e a r c h e f f o r t h a s been d e -
vo ted to the i nves t i ga t i on of the u s e of i on iz ing r a d i a t i o n f o r the t r e a t m e n t 
of food . The po ten t i a l app l i ca t ion of r a d i a t i o n p r o c e s s i n g in t h i s f i e ld i s 
v e r y wide indeed , as i l l u s t r a t e d in T a b l e I; but , a s with any new p r o c e s s , 
c e r t a i n s c i e n t i f i c and t echno log ica l p r o b l e m s m u s t be so lved b e f o r e a p p l i -
ca t ions become c o m m e r c i a l . The p r o b l e m s involved were rev iewed in d e -
t a i l by HANNAN in 1955, in a publicat ion which i s s t i l l ex t r eme ly use fu l [2] , 
and accounts of r ecen t p r o g r e s s have been made [3, 4 ] . 

With those appl icat ions involving the use of high doses (> 1 Mrad), c e r -
ta in c h e m i c a l changes , p a r t i c u l a r l y in r aw m e a t s and f ish , give r i s e to o f f -
o d o u r s and f l a v o u r s which d i m i n i s h the qual i ty of the p roduc t ; ways and 
m e a n s of e l i m i n a t i n g t h e s e c h a n g e s a r e b e i n g s o u g h t . A n o t h e r p r o b l e m 
a r i s e s whe re r ad i a t i on t r e a t m e n t i s a imed at p r e s e r v i n g r aw foods at r o o m 
t e m p e r a t u r e ; e n z y m e ac t iv i ty i s not a r r e s t e d even by. a s t e r i l i z i n g d o s e , 
and au to lys i s can p r o c e e d . P r o c e s s e s involving the use of lower doses have 
been m o r e s u c c e s s f u l , p a r t i c u l a r l y those where no microb io log ica l h a z a r d s 
( r e f e r r e d to in the p a p e r by T h o r n l e y ) a r e involved . T h e inh ib i t ion of 
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TABLE I 

MAIN FOOD A P P L I C A T I O N S UNDER.INVESTIGATION 
AND DOSE L E V E L S REQUIRED 

Application Cause of spoilage Dose 
(Mrad) 

Sterilization of meats (room-» 
temperature storage) 

Bacteria (particular ref. 
CI. botulinum) 

4 - 5 

Sterilization of special food 
ingredients, e. g. spices 

Bacteria (vegetative 
and spore -forming) 

1 - 3 

Extended refrigeration life of 
meats, fish etc. 

Bacteria (vegetative) 0. 05 - 1 

Fruit storage Moulds 0. 1 - 0. 5 

Elimination of food-poisoning 
organisms, e. g. from frozen 
egg, meat , coconut 

Salmonellae 0. 5 - 1. 0 

Disinfestation of grain Insects 0. 02 

Storage of root crops, 
e. g. potatoes, onions 

Sprouting 0. 01 

Elimination of parasites 
in meats 

Trichinella spiralis 
Cysticercus bovis 

0. 01 

Aging of alcoholic beverages - 1 - 2 

Treatment of dehydrated 
vegetables (shortening 
rehydration t ime) 

0. 25 - 2. 5 

s p r o u t i n g in s t o r e d p o t a t o e s h a s a r o u s e d p a r t i c u l a r i n t e r e s t i n s o m e 
c o u n t r i e s ; in Canada a mob i l e i r r a d i a t o r des igned fo r t h i s p u r p o s e has been 
c o n s t r u c t e d and used to d e m o n s t r a t e the f eas ib i l i t y of the p r o c e s s on a l a r g e 
s c a l e [5] . 

A P P L I C A T I O N T O T H E S A L M O N E L L A E P R O B L E M 

E f f e c t on food q u a l i t y 

The dose r e q u i r e m e n t for the adequate e l iminat ion of sa lmone l lae v a r i e s 
s o m e w h a t with the p a r t i c u l a r food in q u e s t i o n , but i t i s on t h e o r d e r of 
0.5 M r a d . At t h i s dose l e v e l m o s t of the foods t e s t e d a r e not a p p r e c i a b l y 
c h a n g e d in q u a l i t y . F o r e x a m p l e , i r r a d i a t e d f r o z e n who le e g g h a s b e e n 
found a c c e p t a b l e [ 6 ] , a s h a v e v a r i o u s d r i e d egg p r e p a r a t i o n s [ 7 ] , and no 



FOOD IRRADIATION 113 

o b v i o u s c h a n g e s h a v e b e e n no ted i n i r r a d i a t e d f r o z e n h o r s e m e a t i n t e n d e d 
a s p e t food [ 8 ] . A n i m a l f e e d i n g s t u f f s a p p e a r t o be qu i t e u n c h a n g e d on v i s -
u a l i n s p e c t i o n . On t h e o t h e r h a n d , we o b s e r v e d i n t h i s l a b o r a t o r y t h a t 
d e s i c c a t e d c o c o n u t t r e a t e d a t 0 .7 M r a d t o e l i m i n a t e s a l m o n e l l a e w a s u n -
a c c e p t a b l e : a r a n c i d f l a v o u r d e v e l o p s , and t h e c o l o u r d a r k e n s . 

F r o z e n p r o d u c t s such a s whole egg and m e a t have a p a r t i c u l a r advan tage 
a s f a r a s e f f e c t on q u a l i t y i s c o n c e r n e d , s i n c e f r e e z i n g h a s b e é h d e m -
o n s t r a t e d t o p r o t e c t a g a i n s t r a d i a t i o n - i n d u c e d o f f - f l a v o u r and o d o u r d e -
v e l o p m e n t [ 9 ] . W h o l e egg i r r â d i a t e d in t h e l i q u i d s t a t e I s r e p o r t e d t o b e 
v e r y s u s c e p t i b l e to u n d e s i r a b l e q u a l i t y c h a n g e s [ 1 0 ] . In g e n e r a l , b a s e d on 
e x p e r i e n c e s o f a r g a i n è d wi th s e v e r a l f o o d s , i t c a n b e a n t i c i p a t e d t h a t no 
s e r i o u s d i f f i c u l t i e s w i l l be e x p e r i e n c e d wi th r e g a r d t o d e t r i m e n t a l c h a n g e s 
i n t h e q u a l i t y of f o o d t r e a t e d a t d o s e s a i m e d a t s a l m o n e l l a e e l i m i n a t i o n . 

E l i m i n a t i o n of s a l m o n e l l a e 

T h e m i c r o b i o l o g i c a l a s p e c t s a r e d e a l t w i t h in d é t a i l i n t h e p r e c e d i n g 
p a p e r by T h o r n l e y . 

E f f e c t on f o o d w h o l e s o m ene s s 

W h o l e s o m e n e s s h e r e c o n c e r n s the n u t r i t i v e v a l u e and p o s s i b l e t o x i c i t y 
( i n c l u d i n g c a r c i n o g e n i c i t y ) of i r r a d i a t e d f o o d , a n d t h e w h o l e s o m e n e s s 
q u e s t i o n c o n c e r n s e a c h a p p l i c a t i o n l i s t e d in T a b l e I and any. o t h e r s which 
a r i s e . T h e s u b j e c t w a s d i s c u s s e d in d e t a i l at a m e e t i n g he ld in B r u s s e l s 
i n 1961 by t h e F o o d and A g r i c u l t u r e O r g a n i z a t i o n of t h e U n i t e d N a t i o n s , t h e 
W o r l d H e a l t h O r g a n i z a t i o n and t h e I n t e r n a t i o n a l A t o m i c E n e r g y A g e n c y 
(FAO, WHO and IAEA) [11] . The r e s u l t s of ex tens ive a n i m a l f eed ing s tud i e s 
w e r e r e v i e w e d ; and w h i l e f u r t h e r r e s e a r c h w a s r e c o m m e n d e d , i t w a s g e -
n e r a l l y c o n c l u d e d t h a t s u f f i c i e n t d a t a w e r e a v a i l a b l e on s e v e r a l f o o d i t e m s 
t o a l low e x p e r t b o d i e s t o r e a c h a d e f i n i t e c o n c l u s i o n . C h r o n i c t o x i c i t y 
s t u d i e s on .many f o o d s , u s i n g s e v e r a l s p e c i e s of a n i m a l s , h a v e b e e n c o m -
p l e t e d , y i e l d i n g n e g a t i v e r e s u l t s ; a n d i t i s r e a s o n a b l e t o a n t i c i p a t e t h a t t h e 
w h o l e s o m e n e s s q u e s t i o n wi l l not p r e v e n t t h e i n t r o d u c t i o n of r a d i a t i o n i n to 
food p r o c e s s i n g . I n d e e d , in C a n a d a i r r a d i a t e d p o t a t o e s h a v e a l r e a d y b e e n 
a p p r o v e d f o r h u m a n c o n s u m p t i o n ; i n t h e Un i t ed S t a t e s p r e c o o k e d i r r a d i a t e d 
b a c o n t r e a t e d at 4 .5 M r a d h a s r e c e n t l y been app roved , by the F o o d and D r u g 
A d m i n i s t r a t i o n f o r h u m a n c o n s u m p t i o n . 

C e r t a i n l y r a d i a t i o n , l i ke h e a t , c a n d e s t r o y v i t a m i n s , s o m e b e i n g m o r e 
r a d i a t i o n - s e n s i t i v e t h a n o t h e r s ; bu t t h e l e v e l of d e s t r u c t i o n d e p e n d s on t h e 
d o s e a p p l i e d and t h e n a t u r e of t h e food b e i n g t r e a t e d a n d i t s e n v i r o n m e n t . 
E x c e s s i v e l o s s e s a r e not t o b e e x p e c t e d , p a r t i c u l a r l y a t t h e d o s e s r e q u i r e d 
f o r s a l m o n e l l a e c o n t r o l . T h e n u t r i t i v e v a l u e of p r o t e i n in food i s l i t t l e 
c h a n g e d , e v e n a t s t e r i l i z i n g d o s e s ; o u r o w n c u r r e n t w o r k o n t h e p r o t e i n 
v a l u e s of v a r i o u s a n i m a l f e e d s ( m e a t and f i s h . m e a l s ) a n d on t h e p r o t e i n in 
egg i n d i c a t e s no change at a l l at 0 .5 M r a d . W h e r e a n i m a l f eed ing s t u f f s a r e 
c o n c e r n e d , t h i s i s p a r t i c u l a r l y r e l e v a n t s i n c e t h e f i n a n c i a l v a l u e of t h e s e 
c o m m o d i t i e s i s m e a s u r e d in t e r m s of p r o t e i n v a l u e . I r r a d i a t i o n h a s an 
a d v a n t a g e i n t h i s r e s p e c t o v e r i t s c o m p e t i t i v e p r o c e s s of h e a t t r e a t m e n t . 
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T h e ques t ion of induced r ad ioac t i v i t y was a l so ana lysed at the B r u s s e l s 
m e e t i n g [11 ] , and it w a s c o n c l u d e d t h a t no h a z a r d e x i s t s wi th t h e u s e of 
g a m m a r a y s f r o m c o b a l t - 6 0 o r c a e s i u m - 1 3 7 n o r with e l e c t r o n m a c h i n e s , 
p r o v i d e d t h a t t h e e n e r g y l e v e l u s e d i s r e s t r i c t e d t o l e s s t h a n 10 M e V . 

T E C H N I C A L F E A S I B I L I T Y 

G a m m a r a y s with t h e i r p r o p e r t y of p e n e t r a t i o n a r e idea l f o r the t r e a t -
m e n t of m a n y of the food i t e m s l i s t e d in t h i s r e p o r t a s c a r r i e r s of s a l m o n e l l a e . 
F o o d s could be i r r a d i a t e d in t h e c o n t a i n e r s i n which they a r e hand l ed ; f o r 
e x a m p l e , f r o z e n whole egg can be i r r a d i a t e d in the m e t a l c a n s without 
t h a w i n g and b l o c k s of f r o z e n h o r s e - m e a t t r e a t e d wi thou t r e m o v a l of t h e 
h e s s i a n w r a p p i n g and a g a i n wi thout t h a w i n g . A n i m a l f e e d i n g s t u f f s could 
be i r r a d i a t e d in bags ; but if it i s p r a c t i c a l to handle a c o m m o d i t y such 
a s t h i s in bulk, an e l e c t r o n mach ine could be used to i r r a d i a t e a th in l a y e r . 
T h e u s e of an e l e c t r o n m a c h i n e in t h i s m a n n e r h a s been c o n s i d e r e d f o r t h e 
t r e a t m e n t of g r a i n handled in bulk f o r the p u r p o s e of d i s i n f e s t a t i o n [12] . It 
i s p r o p o s e d , h o w e v e r , in v iew of the f ac t t ha t i r r a d i a t i o n h a s a l r e a d y been 
c o n s i d e r e d f o r t he e l i m i n a t i o n of s a l m o n e l l a e wi th r e f e r e n c e t o foods r e -
q u i r i n g g a m m a - r a y p e n e t r a t i o n , t o i l l u s t r a t e t e c h n i c a l f e a s i b i l i t y w i th 
r e f e r e n c e to a c o b a l t - 6 0 p l a n t . 

CONSTRUCTION O F P L A N T 

T h e p r i n c i p l e s invo lved in t h e d e s i g n of c o b a l t - 6 0 p lan t f o r food p r o -
c e s s i n g and the method f o r ca lcula t ion of s o u r c e s t reng th r e q u i r e d have been 
i l l u s t r a t e d by L E Y and R O G E R S [13] wi th r e f e r e n c e t o a p l a n t e n v i s a g e d 
f o r t he t r e a t m e n t of canned f r o z e n whole egg . Howeve r , a s tudy of a plant 
of v e r y s i m i l a r des ign , p r e v i o u s l y d e s c r i b e d by L E Y [8] wi l l p e r h a p s b e s t 
s e r v e to d e m o n s t r a t e f e a s i b i l i t y . The appl ica t ion i s the e l imina t ion of s a l -
m o n e l l a e f r o m b locks of f r o z e n h o r s e m e a t in tended a s pe t food in the 
Uni ted Kingdom. 

T h e ou t l ine of a s u i t a b l e d e s i g n i s shown in F i g . 1. T h e b l o c k s a r e 
t r a n s p o r t e d round a coba l t -60 sou rce in me ta l cages suspended f r o m a mono-
r a i l . E a c h c a g e could hold two b l o c k s of d i m e n s i o n s 36 X 18 X 8 in , a s i l -
l u s t r a t e d , o r t h r e e b l o c k s 24X 18X 8 o r 24X 18X 6 in, t h e s e be ing the a p -
p r o x i m a t e d i m e n s i o n s of the m e a t a s handled at p r e s e n t at t he P o r t of 
London. The cages approach the s o u r c e in t h r e e l a y e r s and move away f r o m 
it in a s i m i l a r m a n n e r . T h i s a r r a n g e m e n t e n s u r e s an e f f i c i en t a b s o r p t i o n 
of the p e n e t r a t i n g r a d i a t i o n , the dose r a t e i n c r e a s i n g a s the c a g e s approach 
t h e s o u r c e ; and t h e b l o c k s r e c e i v e equa l t r e a t m e n t f r o m both s i d e s . T h e 
c a g e s e n t e r and l e a v e t h e t h i c k c o n c r e t e c h a m b e r t h r o u g h a l a b y r i n t h f o r 
a v o i d a n c e of r a d i a t i o n h a z a r d . 

T h e coba l t -60 i s conta ined in a n u m b e r of cy l ind r i ca l tubes mounted in 
a f r a m e about 9X f t , a s i z e which a l l o w s f o r e f f i c i e n t a b s o r p t i o n of t he 
r a d i a t i o n e m i t t e d in a l l d i r e c t i o n s . Mea t at t he c e n t r e of t he c a g e s would, 
h o w e v e r , r e c e i v e m o r e r a d i a t i o n than tha t a t t h e top o r b o t t o m would , so 
t h a t i t i s n e c e s s a r y to p a s s e a c h b lock t w i c e t h r o u g h the c i r c u i t , wi th i t s 
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Fig. 1 

Proposed design of cobal t -60 irradiation plant suitable for the irradiation of blocks of frozen horse meat. 

p o s i t i o n e x c h a n g e d i n t h e c a g e a f t e r one c i r c u i t i n w h i c h i t r e c e i v e d h a l f 
t h e r e q u i r e d d o s e [14] . 

B a s e d on t h r o u g h p u t of 250 t of h o r s e m e a t p e r w e e k a n d a d o s e r e -
q u i r e m e n t of 0 .65 M r a d , the s i z e of s o u r c e r e q u i r e d would be a p p r o x i m a t e l y 
700 000 c , t h e p l a n t a t t a i n i n g a b o u t 30% e f f i c i e n c y and b e i n g u s e d c o n t i n u -
o u s l y f o r 6 d p e r w e e k . T h e t o t a l holding t i m e on the c o n v e y o r i s e s t i m a t e d 
a t a b o u t 5 h , bu t t h e c a p a c i t y of t h e r a d i a t i o n c h a m b e r i s s u c h t h a t b l o c k s 
would be d e l i v e r e d off t h e p l an t a f t e r fu l l t r e a t m e n t at about 2 - m i n i n t e r v a l s . 

COSTS 

An e s t i m a t e of t h e c a p i t a l and r u n n i n g c o s t s of s u c h a p l a n t i s g i v e n 
in T a b l e II . T h e c a p i t a l i n v e s t m e n t involved i s high owing t o the cos t of t h e 
c o b a l t - 6 0 s o u r c e , quoted h e r e a t 5 s . 6d(77 c e n t s ) p e r c u r i e ; but t he c o s t p e r 
pound f o r the t r e a t m e n t i s qui te low, p rov ided tha t the plant i s kept in a l m o s t 
c o n t i n u o u s o p e r a t i o n t h r o u g h o u t t h e y e a r . F i g . 2 i l l u s t r a t e s the i n f l u e n c e of 
s o u r c e s i z e on the f i n a l c o s t of t r e a t m e n t , t h e c o s t of p lan t i n s t a l l a t i o n r e -
m a i n i n g f a i r l y c o n s t a n t . It c a n b e s e e n t h a t t h e c o s t l e v e l s off w h e n t h e 
s o u r c e i s i n c r e a s e d beyond s e v e r a l h u n d r e d t h o u s a n d c u r i e s . I n q u i r i e s i n 
the Un i t ed K i n g d o m r e v e a l e d t h a t a cos t of 0.56 d / l b (1.3 c e n t s / k g ) i s v e r y a c -
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TABLE II 

ESTIMATE O F THE C A P I T A L AND RUNNING COSTS O F 
A RADIATION P L A N T DESIGNED FOR THE T R E A T M E N T 

iOF F R O Z E N HORSE MEAT AT 0.65 M r a d [8] 

Capital costs 

£ £ 

700 00Ó с Co60 192 500 25% on Co60 48 125 

Building, machinery (15% replacement) 
and land 55 000 ( Щi> amortization) 

( 5% interest on capital) 

Amortization on machinery 

' i 
etc. over 10 years 5 500 

Interest at 5.%. 2 750 

Labour 4 shifts/week 
. . 2 men 8 000 . 

Overheads 4 000 

£ 247 500 £ 68 375 

Processing, 13 000 t per annum - cost per lb = 0.56 d 
Note: ' One Pound Sterling is approximately equal to US $2.80. 

( . D O S E ( С » 10 S ) 

Fig.2 • • • • • . 

Variation of cost with source size in a plant for the treatment of frozen horse meat at 0.65 Mrad 
Excluding f c a p i t a l cost £ 55 000. 

Co6 0 [Running cost £ 20 250 . . , 
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c e p t a b l e t o t h e t r a d e , w h o s e a l t e r n a t i v e m e t h o d of s a l m o n e l l a e e l i m i n a t i o n 
i n v o l v e s c o o k i n g t h e m e a t t h r o u g h o u t ; t h i s p r o c e s s l e a d s t o h igh c a p i t a l 
l o s s owing t o the w a t e r l o s s f r o m t h e m e a t . A s i m i l a r c o s t i s a l s o a c c e p t -
a b l e f o r t he t r e a t m e n t of whole egg , a s r e v ë a l è d in a f e a s i b i l i t y s t u d y [ 1 5 ] . 

SITUATION O F P L A N T * 

T h e q i i e s t i o n a r i s e s a s t o w h e t h e r s u c h a p l a n t s h o u l d b e s i t e d a t t h e 
p o i n t of e x p o r t of t h e f o o d s d e m o n s t r a t ê d a s l i k e l y t o b e c o n t a m i n a t e d wi th 
s a l m o n e l l a e o r at t h è s i t e of i m p o r t of s u c h f o o d s . T h e f o r m e r h a s t h e a d -
v a n t a g e of c o n t r o l l i n g s a l m o n e l l a e d i s t r i b u t i o n o v e r a w i d e a r e a , s i n c e 
t h e e x p o r t e r no doubt t r a d e s wi th m a n y c o u n t r i e s , a n d , m o r e o v e r , t h e 
t h r o u g h p u t of a p a r t i c u l a r c o m m o d i t y i s l i k e l y t o b e v e r y l a r g e a n d c o n -
t i n u o u s , k e e p i n g s u c h a p lan t in f u l l o p e r a t i o n . T h i s would a l low t h e d e s i g n 
of a p l a n t f o r a s i n g l e c o m m o d i t y , s u c h a s t h a t i l l u s t r a t e d , t h u s l e a d i n g t o 
h i g h e f f i c i e n c y and low c o s t s . T h e i n s t a l l a t i o n of a p l a n t a t a m a i n p o r t of 
i m p o r t would a l low c o n t r o l of t h e s a m é foods tu f f a r r i v i n g f r o m d i f f e r e n t 
p a r t s of t h e w o r l d . It i s a l s o f e a s i b l e t o d e s i g n a v e r s a t i l e p l a n t t o t r e a t 
v a r i o u s c o m m o d i t i e s . 

Many of the foods in which s a l m o n e l l a e a r e d e t e c t e d o r i g i n a t e f r o m l e s s 
d e v e l o p e d a r e a s of t he w o r l d , but i t i s too e a r l y to c o n t e m p l a t e i n s t a l l a t i o n 
of r a d i a t i o n p l a n t in m o s t of t h e s e a r e a s . I t i s l i k e l y t h a t t h e f i r s t p l a n t 
w i l l b e a t a p o i n t of i m p o r t s i t u a t e d w i t h i n t h e d o c k a r e a . W h e r e f r o z e n 
f o o d s a r e t o be t r e a t e d , i t would b e a d j a e è n t t o a r e f r i g e r a t e d s t o r e w h i c h 
w o u l d a c t a s a b u f f e r t o t h e i r r e g u l a r a r r i v a l of c o n s i g n m e n t s , , t h u s 
e n s u r i n g . c o n t i n u o u s o p e r a t i o n of t h é p l a n t . I r r a d i a t e d food would e i t h e r be 
d e s p a t c h e d d i r e c t l y f r o m the p lant to the r e t a i l e r o r r e t u r n e d to s t o r e , being 
kept qui te s e p a r a t e f r o m the food awai t ing t r e a t m e n t . 

C O N T R O L O F T H E P R O C E S S A N D I T S I M P A C T O N I N S P E C T I O N F O R 
S A L M O N E L L A E ' 

It m u s t b e a d m i t t e d t h a t t h e r e i s no m e t h o d ye t a v a i l a b l e w h i c h w o u l d 
a l l o w a u t h o r i t i e s t o d e t e c t w h e t h e r " f o o d s h a d b e e n i r r a d i a t e d o r n o t . T h i s 
i s m a i n l y b e c a u s e t h e a m o u n t of c h e m i c a l c h a n g e in t h e i r r a d i a t e d food i s 
s o s m a l l , and it i s u n l i k e l y t h a t a c o m p o u n d o r á p a r t i c u l a r r é a c t i o n un ique 
t o i r r a d i a t e d food could be r e a d i l y d e t e c t e d . T h e a b s e n c e of s u c h a c o n t r o l 
d e v i c e s h o u l d not d e t r a c t f r o m t h e u s e f u l n e s s of t he p r o c e s s . B y the n a -
t u r e of t h e p r o c e s s and c o s t s i n v o l v e d , i r r a d i á t i o h t r e a t m e n t cou ld on ly b e 
c a r r i e d out a t a n e s t a b l i s h e d c e n t r e ' w h i c h c o u l d b e p l a c e d u n d e r t h e a p -
p r o p r i a t e a u t h o r i t y . I n d i v i d u a l u n i t s of m a t e r i a l a l l o c a t e d f o r t r e a t m e n t 
could be m a r k e d with an i n d i c a t o r l a b e l i m p r e g n a t e d with a dye which u n d e r -
g o e s a c o l o u r change s p e c i f i c to r a d i a t i o n [ 1 6 ] . SUch l a b e l s in o f f i c i a l s e a l s 
would f a c i l i t a t e a d e q u a t e inspection' .-

If r a d i a t i o n p r o c e s s i n g d o e s b e c o m e a c o m m e r c i a l r e a l i t y and i t s 
e f f e c t i v e n e s s i s p r o v e d f o r s a l m o n e l l a e e l i m i n a t i o n , t h e n i t i s q u i t e c o n -

* See also the paper by Mossel. 
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ce ivab le tha t proof of r a d i a t i o n t r e a t m e n t at the r e q u i r e d dose would be s u f -
f i c i e n t ' t o e l i m i n a t e b a c t e r i o l o g i c a l inspec t ion f o r s a l m o n e l l a e . T h i s would 
be a v e r y g r e a t advan t age b e c a u s e of the p r a c t i c a l d i f f i cu l t i e s of b a c t e r i o -
l o g i c a l e x a m i n a t i o n , out l ined in o the r p a p e r s in t h i s r e p o r t *, and it would 
avoid t h e high cos t which i n s p e c t i o n invo lves and the inev i tab le de l ay while 
awa i t i ng r e s u l t s . T h e a p p r o a c h to the p r o b l e m i s a p p l i c a b l e t o t h o s e food 
c o m m o d i t i e s w h e r e s a l m o n e l l a e con tamina t ion h a s been d e m o n s t r a t e d to be 
high and r e g u l a r . 

It should be s t r e s s e d t ha t , when r a d i a t i o n i s appl ied f o r t he c o n t r o l of 
s a l m o n e l l a e , a l though t h e d o s e u s e d wi l l r e d u c e c o n s i d e r a b l y t h e t o t a l 
b a c t e r i o l o g i c a l count - w i l l r e d u c e , f o r e x a m p l e , t h e d a n g e r of a n t h r a x 
and e l i m i n a t e p a r a s i t e s and i n s e c t p e s t s - f o o d s wi l l s t i l l n e e d to be i n -
s p e c t e d f o r p u r p o s e s o the r than s a l m o n e l l a e e l imina t ion . The u s e of r a d i -
a t ion t r e a t m e n t should not i n f l uence in any way t h e n o r m a l p r e c a u t i o n s in 
handl ing and s t o r a g e and should not be r e g a r d e d a s a p r e s e r v a t i o n p r o c e s s . 

RECENT CONSTRUCTION O F RADIATION PLANT. FOR OTHER 
P U R P O S E S 

E x p e r i e n c e h a s a l r e a d y been gained in t h e Uni ted Kingdom of the c o n -
s t r u c t i o n and c o m m e r c i a l opera t ion of cobal t -60 rad ia t ion plant so that t e c h -
n i c a l f e a s i b i l i t y and c o s t s can be e s t i m a t e d wi th r e a s o n a b l e a c c u r a c y . In 
1962 a p l an t d e s i g n e d f o r t he r a d i a t i o n s t e r i l i z a t i o n of m e d i c a l e q u i p m e n t 
(dose , 2.5 Mrad ) w a s b rough t into o p e r a t i o n a t t he f a c t o r y of J o h n s o n ' s 
E t h i c a l P l a s t i c s L t d . , Slough [ 1 7 ] . It had an i n i t i a l s o u r c e s t r e n g t h of 
50 000 с and i s now 75 000 c; and th i s m a y be i n c r e a s e d to 500 000 c . T h e 
conveyor s y s t e m i s of the m o n o r a i l type , a s can be s e e n in the p h o t o g r a p h 
( F i g . 3). T h i s y e a r a p l an t w a s opened in Scot land f o r t h e s t e r i l i z a t i o n of 
ca tgu t s u t u r e s ; loaded at p r e s e n t with 40 000 c , i t h a s the c a p a c i t y to house 
150 000 с [ 1 8 ] . A p a r t f r o m t h e s e p l a n t s , the P a c k a g e I r r a d i a t i o n P l a n t at 
Wantage R e s e a r c h L a b o r a t o r y , now loaded with 350 000 c, cont inues to o p e r -
a te to d e m o n s t r a t e the f eas ib i l i t y of med ica l s t e r i l i z a t i o n and to t r e a t l a r g e 
a m o u n t s of m a t e r i a l s f o r r e s e a r c h p u r p o s e s , e . g . food f o r a n i m a l f eed ing 
s t u d i e s . It w a s u s e d a l s o t o t r e a t a t o t a l a m o u n t of 35 t of f r o z e n h o r s e 
m e a t t o d e m o n s t r a t e s a l m o n e l l a e e l i m i n a t i o n on a l a r g e s c a l e [ 8 ] . 

In Canada a m o b i l e po ta to i r r a d i a t o r h a s b e e n o p e r a t i n g s u c c e s s f u l l y [5 ] , 
and in the Un i t ed S t a t e s a l a r g e f ac i l i t y f o r food i r r a d i a t i o n w a s f o r m a l l y 
opened t h i s y e a r . T h i s h o u s e s 1 300 000 с of c o b a l t - 6 0 and a l i n e a r a c -
c e l e r a t o r ; it i s intended p r i m a r i l y for r e s e a r c h and development . A coba l t -
60 p lan t of 500 000 с has been in ope ra t ion in A u s t r a l i a fo r s e v e r a l y e a r s ; it 
i s u s e d p r i m a r i l y f o r t he e l i m i n a t i o n of a n t h r a x (B . a n t h r a c i s ) f r o m b a l e s 
of goa t h a i r u s e d in c a r p e t m a n u f a c t u r e [19] . M a c h i n e s o u r c e s a r e a l s o 
in c o m m e r c i a l ope ra t ion ; E th icon Inc . in the United Sta tes has used one fo r 
many y e a r s f o r s u t u r e s t e r i l i z a t i o n . 

Rad ia t ion p r o c e s s i n g i s a c o m m e r c i a l r e a l i t y ; and if it i s found a p p r o -
p r i a t e f o r the t r e a t m e n t of foods , t h e r e would be l i t t le de lay in c o m m e n c e -
men t of i n d u s t r i a l o p e r a t i o n . 

* See the papers by Hobbs and Thornley as well as Annex II. 
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Fig. 3 

Cobalt -60 radiation plant now in operation in the United Kingdom for the sterilization of medical equipment 
Photograph, Johnson's Ethical Plastics Limited 

L E G A L SITUATION 

T h e u s e of r a d i a t i o n f o r t h e t r e a t m e n t of food f o r h u m a n c o n s u m p t i o n 
i s not s p e c i f i c a l l y p r o h i b i t e d in m o s t c o u n t r i e s but i s c o n t r o l l e d u n d e r g e n -
e r a l food r e g u l a t i o n s which p r o h i b i t any p r o c e s s wh ich m i g h t r e n d e r food 
i n j u r i o u s t o h e a l t h . A n y i n d i v i d u a l p r o p o s e d p r o c e s s would be e x a m i n e d 
b y t h e a p p r o p r i a t e a u t h o r i t i e s , who would m a k e a d e c i s i o n i n t h e l i g h t of 
e x p e r i m e n t a l e v i d e n c e a v a i l a b l e p r o v i n g n o n - t o x i c i t y and f r e e d o m f r o m any 
o t h e r h a z a r d s , a s we l l a s t a k i n g in to a c c o u n t m e t h o d s f o r i t s c o n t r o l . As 
a r e s u l t of t h e B r u s s e l s m e e t i n g in 1961 [ 1 1 ] , F AO, WHO and I A E A h a v e 
u n d e r t a k e n to e s t a b l i s h a J o i n t E x p e r t C o m m i t t e e t o a d v i s e on t h e s p e c i a l 
r e q u i r e m e n t s f o r t h e t e s t i n g of i r r a d i a t e d f o o d , and t h e i r f i n d i n g s wi l l no 
doub t a s s i s t in t h e f i n a l c o n c l u s i o n a s t o t h e w h o l e s o m e n e s s p r o b l e m . In 
t h e m e a n t i m e , s e v e r a l c o u n t r i e s have a l r e a d y given c o n s i d e r a t i o n to p a r t i c -
u l a r p r o c e s s e s , a s i n C a n a d a a n d t h e U n i t e d S t a t e s ( s e e a b o v e ) . A n i m a l 
f e e d i n g s t u f f s do not g e n e r a l l y c o m e t inder the s p e c i f i c r e g u l a t i o n s govern ing 
f o o d s f o r h u m a n c o n s u m p t i o n ; and in the l ight of the v a s t quant i ty of ev idence 
a v a i l a b l e i n d i c a t i n g t h e h a r m l e s s n e s s of t h e p r o c e s s , i t i s c o n c e i v a b l e 
t h a t a p p r o v a l f o r t he r a d i a t i o n t r e a t m e n t of f e e d s m i g h t be r e a d i l y o b t a i n e d . 

A p a r t f r o m t h e l e g a l r e q u i r e m e n t s r e g a r d i n g d i s t r i b u t i o n of i r r a d i a t e d 
food , r e g u l a t i o n s e x i s t in m a n y c o u n t r i e s c o n t r o l l i n g the t r e a t m e n t and d i s -



120 F.J . LEY 

t r i bu t ion of foods found unfi t f o r human consumpt ion . Sa lmonel lae a r e v e r y 
o f t e n the c a u s e of u n f i t n e s s , and r e g u l a t i o n s would have to be a m e n d e d to 
i n c o r p o r a t e t h e u s e of i on i z ing r a d i a t i o n . 

CONCLUSION 

Radiat ion p r o c e s s i n g s e e m s ideally sui ted for the purpose of sa lmonel lae 
e l i m i n a t i o n f r o m a v a r i e t y of f oods . The p r o c e s s a p p e a r s t echno log ica l ly 
and economica l ly f e a s i b l e , but each s i tuat ion mus t be individually examined . 
T h e w h o l e s o m e n e s s p r o b l e m m a y w e l l d e l a y s o m e a p p l i c a t i o n s , but i m -
m e d i a t e c o n s i d e r a t i o n shou ld be g iven to t h e t r e a t m e n t of c e r t a i n a n i m a l 
f o o d s , p a r t i c u l a r l y t h o s e c o n t r i b u t i n g m o s t t o a s a l m o n e l l a e h a z a r d . 
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ANNEX I 

PRODUCTION AND INTERNATIONAL TRADE 
IN FISH MEALS* . 

Data concerning the production, export and international trade in fish meals are col lected yearly by 
the Fish Statistics Division of the Food and Agriculture Organization of the United Nations. A summary of 
the relevant data for the years 1956 to 1961 (the last year for which data are available) is given in Tables I—III. 
These give (Table I) the total world production of white fish meal and the total exports of the five main e x -
porting countries. Table II details the quantities exported by the five main producers to the principal i m -
porting countries. The total world production of fish meal from oily fish, with the main producing countries 
and their more important customers (importers), is presented in Table III. 

From these statistics it will be seen that the most significant feature over the past 5 yr (1956 to 1961) 
has been the increasing production of fish meal from oily fish, more particularly in the South American coun-
tries (Chile and Peru) and in South Africa. Thus, in Chile production has increased from 3750 t in 1956 to 
49 100 t in 1961 ; while in" Peru and South Africa the corresponding figures are 31000 and 71 700 t (1956) to 
839800 and 178 900 t in 1961. The corresponding export figures in metric tons are as follows: Chile, no figures 
available (1956), 6300 (1961); Peru. 27800 (1956), 708400 (1961); South Africa, 54400 (1956); 172000 
(1961). 

It will also be noted that the main importers of South African meals are the United Kingdom, the Federal 
Republic of Germany and the United States of America while the Peruvian meals have been going in increasing 

TABLE I 

T O T A L WORLD PRODUCTION O F FISH MEAL FROM WHITE FISH 
AND E X P O R T FROM T H E MAIN EXPORTING COUNTRIES 

(in t h o u s a n d s of m e t r i c tons) 

Year 1956 1957 1958 1959 1960 1961 

World total production 321. 0 315. 0 368. 0 415. 0 468. 0 509.0 

Total exports of the 
five main exporting 
countries 72. 0 89.0 66. 0 

Canada 16. 2 12. 9 9. 6 

Chile 4. 1 9 .4 18.4 

Japan 15. 8 23. 7 6. 3 

Iceland 20. 3 26. 5 19. 2 

Norway 16. 0 16. 5 12. 5 

* Prepared by J. M. Shewan, Torry Research Station, Abbey Road, Aberdeen, Scotland, and N.E.Holmes, 
Nutrition Division, Food and Agriculture Organization of the United Nations, Rome, Italy. 
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TABLE II 

E X P O R T O F W H I T E FISH M E A L F R O M M A I N E X P O R T I N G C O U N T R I E S T O P R I N C I P A L I M P O R T I N G 
C O U N T R I E S 

( in t h o u s a n d s of m e t r i c t o n s ) 

Year 1956 1957 1958 1959 1960 1961 

Canada - Tota l produced 29. 8 - - - - -

Tota l exported 1 6 . 2 9. 7 12. 9 11. 5 9. 6 7. 1 ' 

to 

United Kingdom 3. 2 5. 8 7. 7 9. 6 8. 7 6. 0 

United States of America 12 .5 3. 9 5. 1 1 .8 0. 9 1. 1 

Chi le - To ta l produced 9 . 3 1 0 . 3 9. 0 10. 1 10. 0? 8. 9} 

Total exported 4. 1 4. 5 9 . 4 11. 7 18. 4 34. 7 

to 

Federal Republic of Germany 1. 1 2. 0 1. 2 3. 1 0. 9 3. 2 

Netherlands 1 .9 0. 9 0. 4 3 . 2 1 .8 13 .9 

United States of America 1. 1 1. 1 6. 7 3. 5 12. 0 9. 8 
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TABLE III ( con t 'd ) 

Year 1956 1957 1958 1959 1960 1961 

Japan - To ta l produced - - - - - -

Tota l exported 15. 8 2. 8 23. 7 24. 0 6. 3 4 . 9 

to 

China (Taiwan) - - - 0- 1 1 . 2 0. 7 

Federal Republic of Germany 14. 0 1. 0 19. 0 17. 8 - -

Hong Kong 0 . 3 : 0 . 6 0. 2 0. 9 1. 1 1. 1 

Philippines 0. 3 ' 0. 8 3. 3 4. 0 0. 5 ; 
Singapore - 0. 2 0- 1 0 . 4 •2. 7 2. 8 

United States of America - - 0. 1 0. 2 - -

Iceland - Tota l produced 21. 6 21. 1 21. 8 25. 3 , 22. 9 19. 0 

To ta l exported 20. 3 24. 3 36. 5 24. 2 - 19 .2 28. 7 

to 

Czechoslovakia 1. 6 0. 5 0. 2 2. 2 0. 7 0. 6 

Denmark 1. 1 0. 9 2. 5 0. 6 0. 9 1. 5 

Finland 1. 0 0. 5 - - 0. 1 -

Federal Republic of Germany 6. 2 8. 6 11. 2 2. 8 5. 1 12. 1 

Ireland . 2: 0 0. 5 0. 6 0. 1 0. 1 O.'l 
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to 

TABLE П (con t ' d ) 

Year 1956 1957 1958 1959 1960 1961 

Netherlands 0. 2 0. 5 0. 6 0. 1 0. 1 0. 1 

Poland 1. 4 1 . 2 0. 3 0. 5 - 0. 4 

Sweden 0. 5 4. 0 2. 7 10. 7 5 . 2 3. 7 

United Kingdom 5. 3 6. 1 4. 3 3. 0 5. 5 8. 7 

Norway - Tota l produced 16. 6 15. 2 15. 21 17 .4 15. 7 13. 9? 

Tota l exported 16. 0 14. 2 . 16. 5 17. 0 12. 5 17. 3 

to 

Austria 2 . 5 0. 9 2. 0 1. 1 0. 7 0. 8 

Belgium and Luxembourg 0 . 8 0. 5 0 . 6 0 . 7 0. 3 -

Denmark 3. 4 3 . 3 3. 9 3. 9 0. 7 3. 6 

German Democra t ic Republic 0. 7 0. 9 0. 4 0 . 4 - -

Federal Republic of Germany 1. 9 2. 1 1. 3 - 0. 8 1. 4 

Italy 0 . 3 0 . 2 0. 7 0 . 4 0. 1 0. 2 

Poland - - - 2. 6 2. 2 

Switzerland 6. 4 0 1 7. 5 7. 4 5. 9 6. 7 
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TABLE ш 

W O R L D P R O D U C T I O N O F F I S H M E A L S F R O M O I L Y F I S H A N D D E T A I L S O F E X P O R T 
A N D I M P O R T 

( in t h o u s a n d s of m e t r i c t o n s ) 

Year 1956 1957 1958 ; 1959 1960 1961 

World to ta l production 409. 0 447 . 0 49o! 6 641. 0 887. 0 1181. 0 

AFRICA 
-

Angola - To ta l produced 77. 7 85. 2 74. 8 46. 2 44. 8 55. 3 

Tota l exported 53. 6 94. 1 8 1 . 2 51. 3 45. 0 5 0 . 3 • 

to 

Austria 1. 3 , 3. 3 4. 3 4. 5 3. 2 4. 6 

Belgium and Luxembourg 3. 1 8. 1 9. 7 0. 8 1. 0 

Denmark 2. 1 0. 6 - - -

Federa l Republic of Germany . 27. 6 30. 5 4. 8 - 3. 9 5. 8 13. 7 

I taly 1. 3 6. 1 2. 5 14. 5 9. 8 16. 5 

Netherlands 11. 9 23. 9 23. 9 7- 2 10. 2 2- 1 

Portugal - .0. 2 0 9 5. 1 1. 7 8. 9 3. 9 

Spain 1. 0 4. 0 - - .2. 0 •0..5 

to 
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TABLE III ( con t 'd ) 
N 
О) 

Year 1956 1957 1958 1959 1960 1961 

United Kingdom - 3. 1 1. 2 0. 7 0. 1 -

United States of America 3. 5 11. 3 27. 0 10. 5 0 . 4 -

Morocco - Total produced 5. 9 12. 6 20. 7 15. 1 8. 2 not ava i lab le 

Tota l exported 6. 2 12. 7 16. 6 14. 5 13. 9 not ava i lab le 

to 

France 1. 2 2. 9 1 2 . 4 8. 1 5. 3 not ava i l ab le 

Federal Republic of Germany 1. 2 2. 7 1. 9 2. 8 3. 1 not ava i lab le 

Netherlands 0. 6 1. 1 - 0. 3 0. 9 not ava i l ab le 

United States of America 3. 0 3. 5 0. 8 0. 2 - not ava i lab le 

South Africa - Total produced 
and 

Southwest Africa 
Total exported 

(includes solubles) 

71. 7 

54. 4 

81. 8 

51. 0 

90. 7 

8 9 . 4 

120. 1 

99. 9 

136 .4 

126. 7 

178. 9 

172. 0 

to 

Australia - 0. 2 0. 2 2. 6 5. 7 

Federat ion of Malaya 1. 8 3. 3 3. 0 4. 3 4. 2 3 . 7 

German Democrat ic Republic - - - - 5. 3 . 26. 9 
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TABLE III ( con t 'd ) 

Year 1956 1957 1958 1959 1960 1961 

Federal Republic of Germany 3. 2 3. 4 4. 3 14. 8 15. 2 17. 1 

Israel 6. 2 4. 2 13. 9 1 3 . 4 10. 6 11. 3 

I taly 0 . 2 no da ta 0 . 4 0. 8 1. 4 0. 7 

Netherlands 7 . 4 6 . 4 6. 6 3. 8 13. 1 6. 3 

Rhodesia and Nyasaland 4. 3 5. 0 4. 8 5. 0 4 . 0 4 . 2 

United Kingdom 26. 9 28. 2 40. 2 36. 1 47. 3 71. 9 

United States of America 3 . 4 5 . 2 6 . 9 11 .0 6 . 5 1 3 . 8 

SOUTH AMERICA 

Chi l e - Total produced 3. 7 6. 3 9. 3 19. 9 32. 3 49. 1 

Tota l exported no data no da ta 13. 8 2. 0 5. 7 6. 3 

to 

Belgium and Luxembourg no data no da ta 0 . 2 no da ta 0 . 3 0. 9 

United States of America no data no d a t a 0. 4 no da ta 4 . 9 2. 7 
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TABLE III (cont 'd) 
to 
с» 

Year 1956 1957 1958 1959 1960 1961 

Peru - Tota l produced 31. 0 64. 5, 126. 9 . 3 3 2 . 4 558. 3 839. 8 
(main ly anchovy) 

Tota l exported 

to 

27. 8 61. 7 105.8 277. 6 507. 0 708. 4 
(mainly anchovy) 

Belgium and Luxembourg 1. 7 2. 3 5. 2 21. 2 48. 2 30. 7 

Brazil - - - - 2. 4 3. 3 

Canada - - - - 0 . 8 .. 5. 1 

France - - - 2. 8 11. 8 23. 0 

Federal Republic of Germany • 2. 5 11. 5 26. 7 73. 2 107. 3 150. 5 

Italy - - - - 0. 1 8 . 8 15. 1 

Japan - - - 17. 0 22. 7 

Mexico 0. 7 2. 6 1. 9 4 . 8 9-. 9 11. 4 

Netherlands 16. .2 27. 1 32: 9 100. 4 160. 0 204. 0 

Spain - - - 8. 8 15. 3 

•Sweden - - - • ' - 0. 3 4. 2 

United Kingdom 0. 2 1 . 3 10. 7 32. 9 55. 7 76. 5 

United States of America 6 . 4 16. 4 27. 8 40. 2 60. 3 118. 6 

Venezuela - 0 . 3 0. 6 0. 4 4. 5 6. 2 

Yugoslavia - - - - 3. 5 3. 6 



TABLE III ( con t 'd ) 

Year 1956 1957 1958 1959 1960 1961 

EUROPE 

Denmark - Tota l produced 46. 9 5 4 . 9 - 65. 6 70. 8 50. 6 57. 9 

Tota l exported 40. 0 41. 7 53. 6 58. 8 31. 8 39. 5 

to 

Czechos lovakia 0. 9 0. 2 1. 2 0. 7 0. 2 0, 7 

Finland - - 1. 8 0. 7 2. 8 

France 0 . 4 - 0. 4 0. 5 0. 3 -

. Federa l Republic of Germany 4. 3 2. 8 5. 5 3. 6 2. 9 6. 5 

Nether lands 19. 0 12. 8 16. 6 13. 6 2. 5 -

Sweden 0. 5 0. 6 0. 5 1. 9 1. 7 0. 6 

Switzerland 0. 7 0. 2 0. 5 2. 0 3. 0 1. 1 

Uni ted Kingdom 11. 6 24. 5 26. 0 30. 9 14. 5 22. 5-

United States of America 0. 4 - 1. 0 - - -

Iceland - Tota l produced 17. 9 23. 5 22. 2 44. 1 32. 9 51. 7 

Tota l exported 7. 8 13. 0 27. 7 19. 3 35. 2 40. 6 

to 

Czechoslovakia - 0. 5 1. 3 0. 9 1. 4 1. 2 

Denmark 3. 9 1. 2 5. 6 8. 6 12. 4 11. 8 
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TABLE III ( con t 'd ) 

Year 1956 1957 1958 1959 1960 1961 

"Finland i! 0 0. 7 1. 2 0. 6 5. 8 4 . 4 

Federal Republic of 'Germany 0. 9 3 . 4 7. 5 2. 3 4. 4 6 . 4 

Israel- 0. 5 0. 3 - 0. 2 -

• Netherlands 0. 1 3. 2 4. 0 - 3. 0 0. 7 

Poland 0. 1 0. 3 1. 2 1. 9 0. 6 1. 3 

Sweden - 0. 2 0. 5 1. 3 1. 0 

United Kingdom 0. 6 1. 8 3. 1 3. 2 3. 0 13. 3 

Netherlands - Tota l produced 7. 5 9. 1 9. 6 15. 7 7. 7 8. 0 

Total exported 5. 3 5. 5 6. 1 8. 4 5. 6 4 . 8 

to 

Austria 0. 7 0. 6 0. 3 0. 2 0. 1 -

Belgium and Luxembourg 0 . 2 0. 2 0. 4 0 . 4 0. 1 0. 1 

Federal Republic of Germany 3. 1 4. 3 4. 6 7. 6 4. 4 4. 3 



TABLE III ( con t 'd ) 

Year 1956 1957 1958 1959 1960 1961 

Norway - To ta l produced 247. 6 176. 1 102 .7 116. 5 140. 8 132. 3 
(main ly herr ing 

m e a l ) 
To ta l exported 174. 0 120. 5 89. 4 71. 1 88. 7 109. 9 

to 

Austria 2. 1 1. 9 1. 7 1. 7 2. 7 2. 7 

Belgium and Luxembourg 10. 4 9. 2 9. 0 6. 1 3. 6 4. 1 

Denmark 2. 3 0. 9 - 0. 2 3. 9 11. 6 

France 18. 2 15. 0 15. 7 12. 6 14. 1 19. 6 

German Democra t ic Republic 1 . 2 1. 6 2. 5 2 . 4 5 . 9 4. 8 

Federal Republic of Germany 18. 0 18 .7 12. 7 5. 1 9. 6 4. 8 

I taly 6 . 4 2 . 3 2. 6 2 . 4 1 . 8 0 . 9 

Netherlands 25. 9 17. 3 1 1 . 3 7. 0 2. 7 4'. 1 

Sweden 8. 6 9. 0 7. 8 4. 6 10. 3 9. 3 

Switzerland 1. 8 1 . 8 2. 3 1. 1 2. 5 2. 8 

United Kingdom 65. 0 . 32. 1 18. 3 25. 4 28. 9 41. 5 

United States of America 9. 6 3. 6 0. 1 -
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amounts since 1956 to the Netherlands, the Federal Republic.of Germany, the United States of America United 
Kingdom, Belgium and Luxembourg. 

It is perhaps significant that the Angola fish meals, which were first suspected in Germany of being 
contaminated with salmonel lae, have, in general, been imported into Western European countries in d e -
creasing amounts since 1956 (Table III). 



A N N E X II 

A COMMENT ON SAMPLING TECHNIQUES FOR 
MICROBIOLOGICAL DETECTION OF SALMONELLAE IN 

CONSIGNMENTS OF FOODS AND FEEDS* 

SAMPLING OF FISH AND FISHERY PRODUCTS FOR BACTERIAL INFECTION 

Although most people are aware that the adequate sampling of a consignment of fish or fishery products 
such as fish mea l for infection by, say, food poisoning pathogens involves stat ist ical considerations, l i t t le 
which gives the investigator any guidance on this matter seems to have been published. 

The problem in the sampling of an infected consignment is to reduce the risk that samples will turn 
out all negative so that the infected material passes undetected. The difficulties in getting a positive sample 
when the level of infection is low, or when infection is scattered very unevenly over the consignment, can 
to some extent be lessened by methods such as increase of the number of samples, increase of the volume 
of material in each sample, usé of bulked samples from several units, and use of more than one enrichment or 
plating medium. The choice of methods will depend partly on the resources available — staff to collect and 
prepare more samples, incubator space to hold more or larger vessels ~ and partly on the level and distribution 

C H A N C E S o r ONE OR MORE SAMPLES POSITIVE ( e / o ) 

99.9 99.8 99.5 99 98 9 5 9 0 80 70 60 50 <0 30 20 10 

1 1 \ 

\ 
\ 

•/.
O

S i -
i ° -
1 
1 

T3 
Ю ? 

о 

Pi N . 
V * bk I \ \ 

% w \ \ \ 
\ \ 4 

\ \ 
\ 

s N 
\ 
X 

0X)5 01 02 05 1 2 5 10 20 30 ¿0 50 60 70 80 9 0 

CHANCES OF A L L S A M P L E S NEGATIVE ( % ) 

Fig. 1 

Efficiency of sampling methods under various conditions 

Number of samples (100 g) = 4 . 

Infection of N pef 100 g assumed to be present in pío of all units of consignment 

Use left-hand scale for 100-g samples. 

Use right-hand scale for 50-g samples. 

Each sample from single unit 

— - - - Each sample bulked from 5 units 

Prepared by J. M. Shewan and C. R. Baines, Torry Research Station, Abbey Road, Aberdeen, Scotland. 
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of infection that are considered the most likely to occur. Some typical situations, with appropriate sampling 
methods, are mentioned briefly below. 

The ef f ic iency of such a sampling scheme can be assessed by calculation of the chances of getting at 
least one positive sample in a consignment with a given level of infection. This is shown in Figs. 1 - 3 for 
various conditions and can be used as a rough guide for the decision as to how many samples of a given size 
are needed and how these samples should be taken. 
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Fig. 2 

Efficiency of sampling methods under various conditions 
Number of samples = 8 

Use lef t-hand scale for 100-g samples. 
Use right-hand scale for 50-g samples. 

Unbulked samples 
Bulked samples 

For the present purpose we propose to confine our remarks to the sampling of batches of fish, e. g. meal, 
at, say, a port of entry, for the detection of salmonellae alone. We assume that the bacteriological techniques 
for detecting and/or enumerating the salmonellae in fish meal have already been shown to be adequate. The 
number and size of the samples actually examined per day will depend to some extent on the staff and facilities 
available. 

It is known that it is the practice of many sampling agencies to sample an amount equal to the square 
root of the total number of units in the batch. Thus, if there are 2500 sacks of fish meal in a consignment, 
one would sample 50 sacks. The question remains how to take these 50 samples. 

The choice of sampling method depends on at least three considerations: 

(1) Infection may or may not be uniform throughout the batch; 
(2) The level of infection may be high or low; and 
(3) Different serotypes, including paratyphoid bacilli and therefore of varying importance from the 

publ ic -hea l th point of view, may be present 
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Fig.3 

Efficiency of sampling methods under various conditions 
Number of samples = 12 

Use left-hand scale for 100-g samples. 
Use right-hand scale for 50-g samples. 

Unbulked samples 
Bulked samples 

One can therefore envisage the following situations: 

A. Only one serotype is present. 

(1) If infection is evenly distributed throughout the batch, there is l i t t le to choose between different 
methods. The simplest method would be to sample every 50th sack or package. If the bacterial 
numbers are very low, one can improve the reliabil i ty of detection by incubation of samples of 
larger volume, 100 g, say, instead of 25 g. 

(2) If infection is very unevenly distributed, it is advisable to use bulked samples, that is, to take 
50 samples each made up of samples from five sacks or packages, so that a total of 250 sacks or 
packages is sampled. In this case the chances of gett ing all negative samples (and so fai l ing to 
detect infection) are less than when the 50 samples are each taken from a single sack or package 
(as in (1) above). The improvement from bulking of the samples is greater when the level of in -
fection present is high than when it is low. 

B. When two or more different serotypes may be present, then, even though a knowledge of what these 
serotypes are may not be important , it may be thought necessary to employ two different kinds of liquid 
enrichment medium. Here it is assumed that during enrichment one serotype more than another may be 
selected by the different m e d i u m . 

(1) If the serotypes are present in low concentrations, distributed either evenly or unevenly, the best 
procedure would appear to be to sample every 50th sack or package (as in A (1)) and divide the 
samples into two for inoculation into two liquid enrichment media. 
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(2) If any of the serotypes is distributed unevenly and the concentration is high, the best procedure 
is that suggested under A (2) but again to divide them into two and use two liquid enrichment media 
for each sample. 

(3) Two kinds of plating media for sub-cultures will also increase the number of positives. 



S U M M A R Y A N D C O N C L U S I O N S 

T h e i n f o r m a t i o n m a d e a v a i l a b l e t o t h e P a n e l t h r o u g h t h e p a p e r s p r e -
s e n t e d and t h e s u b s e q u e n t d i s c u s s i o n s i s s u m m a r i z e d be low, t o g e t h e r w i th 
t h e m a i n c o n c l u s i o n s d r a w n f r o m t h i s m a t e r i a l . T h e s u m m a r y c o n s i s t s 
of f o u r s e c t i o n s . In t h e f i r s t s e c t i o n , h e a d e d G E N E R A L , t h e p r o d u c t s and 
c o m m o d i t i e s c a u s i n g t h e t r a n s m i t t a n c e of s a l m o n e l l a e and o t h e r h a r m f u l 
o r g a n i s m s a r e l i s t e d , a n d t h e p o s s i b l e w a y s of e l i m i n a t i n g t h e c o n t a m i -
na t ion , with p a r t i c u l a r r e f e r e n c e to r a d i a t i o n c o n t r o l , a r e b r i e f l y d i s c u s s e d . 
T h e s e c o n d s e c t i o n d e a l s s p e c i f i c a l l y w i t h t h e m i c r o b i o l o g i c a l p r o b l e m s 
a s s o c i a t e d wi th i r r a d i a t i o n t r e a t m e n t , and t h e t h i r d d e a l s wi th w h o l e s o m e -
n e s s p r o b l e m s . T h e f o u r t h s e c t i o n s u m m a r i z e s s o m e t e c h n o l o g i c a l a n d 
e c o n o m i c a l a s p e c t s of the app l i ca t ion of ioniz ing r a d i a t i o n f o r the e l imina t ion 
of s a l m o n e l l a e in food and f e e d p r o d u c t s . 

1. G E N E R A L 

A. T h e r e i s a l a r g e n u m b e r of p r o d u c t s and c o m m o d i t i e s which a r e r e g a r d e d 
a s h a z a r d s t o b o t h h u m a n a n d a n i m a l h e a l t h , b e c a u s e t h e y a r e p o t e n t i a l 
s o u r c e s of s a l m o n e l l a e a n d s o m e t i m e s o t h e r p a t h o g e n i c o r g a n i s m s . T h e 
e d i b l e p r o d u c t s c a n be g r o u p e d u n d e r t h e c a t e g o r i e s : 1. A n i m a l f e e d s , and 
2. F o o d s and f o o d i n g r e d i e n t s f o r h u m a n c o n s u m p t i o n . A l s o a n u m b e r of 
i n e d i b l e p r o d u c t s a r e known to s p r e a d h a r m f u l m i c r o - o r g a n i s m s , and t h e s e 
a r e l i s t e d at t he end of t h i s s e c t i o n . 

1. Animal feeds 

(a) D r y p r o d u c t s of a n i m a l o r i g i n , e . g . m e a t m e a l , bone m e a l , b lood 
m e a l , hoof and h o r n m e a l , w h a l e m e a l , f e a t h e r m e a l , f i s h m e a l , c r u s h e d 
b o n e s . 

(b) M o i s t p r o d u c t s of a n i m a l o r i g i n , e . g . h o r s e m e a t a n d o t h e r p e t 
f o o d s . 

(c) W a t e r f o r d r i n k i n g a n d c l e a n i n g . 
(d) D r y p r o d u c t s of v e g e t a b l e o r i g i n . 
A t t e n t i o n shou ld h e r e be d r a w n to t h e f a c t t ha t p a c k a g i n g m a t e r i a l s f o r 

a n i m a l f e e d s t u f f s , e . g . b a g s of j u t e a n d s i m i l a r m a t e r i a l s , c a n a l s o b e 
c o n t a m i n a t e d w i t h s a l m o n e l l a e a n d o t h e r h a r m f u l m i c r o - o r g a n i s m s . 

2. Foods and food ingredients for human consumption 

(a) B o n e l e s s f r o z e n m e a t , e . g . v e a l , beef , mu t ton , p o u l t r y , k a n g a r o o . 
(b) O t h e r m e a t s i n c l u d i n g o f f a l s , t r i p e and c a s i n g s . 
(c) Shel l e g g s . 
(d) Egg p r o d u c t s , e . g . f r o z e n whole , white o r yolk; d r i e d whole , white 

o r yo lk . 
(e) Milk and o t h e r d a i r y p r o d u c t s . 
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(f) High p r o t e i n c o n c e n t r a t e m e a l s , e . g . m e a t m e a l s , m e a l of b lood 
and b l o o d a l b u m i n , f i s h f l o u r . 

(g) D e s i c c a t e d c o c o n u t . 
T h e r e a r e o t h e r f o o d s , e . g . c e r t a i n s p i c e s and c o n d i m e n t s , wh ich a r e 

known t o c a r r y p a t h o g e n i c o r g a n i s m s , i n c l u d i n g s a l m o n e l l a e . A l s o o t h e r 
food s t u f f s no t ye t t e s t e d f o r t h e p r e s e n c e of t h e s e h a r m f u l o r g a n i s m s a r e 
s u s p e c t e d c a r r i e r s . 

B. In s o m e i n s t a n c e s t h e me thod of p r e p a r a t i o n of the p r o d u c t s l i s t e d above 
w i l l no t l e a d t o a p a t h o g e n - f r e e p r o d u c e . In o t h e r i n s t a n c e s t h e m e t h o d of 
m a n u f a c t u r e p r o v i d e s a s a t i s f a c t o r y hea t t r e a t m e n t , but the f i n i s h e d p roduc t 
m a y b e r e c o n t a m i n a t e d e i t h e r by o t h e r m a t e r i a l s o r by l a c k of s u f f i c i e n t 
e n v i r o n m e n t a l s a n i t a t i o n . 

In s o m e i n s t a n c e s c h e m i c a l t r e a t m e n t s a r e appl ied to the f i n i s h e d p r o d u c t . 
T h e s e m a y o r m a y n o t b e s u c c e s s f u l , and t h e r e m a y be t o x i c o l o g i c a l o r 
n u t r i t i o n a l o b j e c t i o n s t o t h e i r u s e . 

T h e r e f o r e , e x p o s u r e to ion iz ing r a d i a t i o n s wi l l in the fo l lowing be c o n -
s i d e r e d a s an a l t e r n a t e o r c o m p l e m e n t a r y c o n t r o l m e a s u r e . 

1. Animal feeds 

M e a t m e a l , b lood m e a l , bone m e a l and w h a l e m e a l a r e a l l w e l l known 
s o u r c e s of s a l m o n e l l a e . At p r e s e n t , m e t h o d s t o r e d u c e t h e s a l m o n e l l a e 
c o n t e n t i n c l u d e s t e a m t r e a t m e n t o r f o r m a t i o n of p e l l e t s , c u b e s a n d c a k e s 
and, s econd ly , d r y o r m o i s t hea t t r e a t m e n t of the f i n i s h e d p r o d u c t . It would 
s e e m d i f f i c u l t t o e l i m i n a t e s a l m o n e l l a e in t h e f i n i s h e d p r o d u c t e n t i r e l y by 
i m p r o v i n g t h e hyg iene of t h e m a n u f a c t u r i n g p r o c e s s , b e c a u s e t h e b a s i c r a w 
m a t e r i a l s and t h e a n i m a l s t h e m s e l v e s a r e r e s e r v o i r s of t h e s e o r g a n i s m s . 
T h e u s e of i o n i z i n g r a d i a t i o n s h o u l d t h e r e f o r e s e r i o u s l y be c o n s i d e r e d f o r 
e l i m i n a t i o n of h a r m f u l o r g a n i s m s f r o m t h e s e p r o d u c t s . 

F i s h m e a l . T h e r e a r e c o u n t r i e s w h e r e f i s h m e a l i s s t i l l p r o d u c e d unde r 
p r i m i t i v e c o n d i t i o n s and t h e r e f o r e h e a v i l y c o n t a m i n a t e d w i t h s a l m o n e l l a e . 
A l though g r o s s c o n t a m i n a t i o n of f i s h m e a l t h u s o c c u r s , t h e r e i s good e v i d e n c e 
t h a t , by c a r e f u l i n d u s t r i a l p r a c t i c e s , f i s h m e a l c a n be p r o d u c e d a l m o s t f r e e 
f r o m s a l m o n e l l a e . 

T h e r m a l p r o c e s s e s a r e a v a i l a b l e f o r t h e e l i m i n a t i o n of s a l m o n e l l a e 
f r o m c o n t a m i n a t e d f i s h m e a l ; h o w e v e r , h e a t t r e a t m e n t o f t e n c a u s e s a n 
a p p r e c i a b l e l o s s in p r o t e i n v a l u e . S ince i n t e r n a t i o n a l t r a d e wi th f i s h m e a l 
p r o d u c e d u n d e r u n s a t i s f a c t o r y h y g i e n i c c o n d i t i o n s s t i l l c o n t i n u e s , f u r t h e r 
i n v e s t i g a t i o n s a r e r e q u i r e d t o a s c e r t a i n t h e u s e f u l n e s s of r a d i a t i o n t r e a t -
m e n t f o r t he e l i m i n a t i o n of s a l m o n e l l a e f r o m t h i s p r o d u c t . T h e s a m e a p p e a r s 
to app ly to m e a l s of v e g e t a b l e o r i g i n . 

F e a t h e r , hoof and h o r n m e a l and c r u s h e d bones . T h e r e i s ev idence tha t 
t h e t e r m i n a l hea t t r e a t m e n t i s not a lways f e a s i b l e f o r d e s t r u c t i o n of s a l m o n e l l a e . 
It i s a l s o c o n s i d e r e d t h a t p r o g r e s s in h y g i e n i c m e t h o d s of m a n u f a c t u r e w i l l 
be v e r y s low t o c o m e in t h i s p a r t i c u l a r i n d u s t r y . T h e r e f o r e , r a d i a t i o n m a y 
be a p p l i c a b l e . 

P e t f o o d s , e . g . h o r s e m e a t o r o p e n - p a c k e d , cooked , c o m p r e s s e d m e a t . 
I t i s w e l l known t h a t f r o z e n , b o n e l e s s h o r s e m e a t f r o m m a n y c o u n t r i e s i s 
v e r y o f t e n c o n t a m i n a t e d w i t h s a l m o n e l l a e . E f f o r t s m a d e d u r i n g t h e l a s t 



139 SUMMARY AND CONCLUSIONS 

y e a r s t o p r o d u c e h o r s e m e a t w i t h l o w e r s a l m o n e l l a e c o n t a m i n a t i o n h a v e 
f a i l e d . F u r t h e r m o r e , t h e f i n a l ( h e a t - t r e a t e d , cooked , c o m p r e s s e d ) p r o d u c t 
i s s t i l l o f t e n c o n t a m i n a t e d . It i s i m p o r t a n t t h a t t h e r a w f r o z e n h o r s e m e a t 
s h o u l d be t r e a t e d t o r e n d e r t h i s p r o d u c t f r e e of s a l m o n e l l a e . T h i s c a n b e 
d o n e b y i r r a d i a t i o n . 

W a t e r . T h e p r o b l e m of m a k i n g w a t e r f o r v a r i o u s p u r p o s e s m i c r o -
b i o l o g i c a l l y a c c e p t a b l e c a n p r o b a b l y b e s o l v e d b y t h e a p p l i c a t i o n of c o n -
v e n t i o n a l m e t h o d s , s u c h a s i m p r o v e d s a n i t a t i o n a n d c h l o r i n a t i o n . 

2. Foods and food ingredients for human consumption 

F r o z e n b o n e l e s s m e a t . E x p e r i e n c e h a s s h o w n t h a t i t i s e x t r e m e l y 
d i f f i c u l t to r e n d e r t h e s e foods f r e e f r o m s a l m o n e l l a e by o r d i n a r y m e t h o d s of 
h y g i e n e in a b b a t o i r s and m e a t - p a c k i n g s t a t i o n s b e c a u s e of a n u m b e r of c o m p l e x 
f a c t o r s . 

T h e p r i m a r y r e s e r v o i r i s t h e a n i m a l . D u r i n g h a n d l i n g and c u t t i n g u p 
o r o t h e r t r e a t m e n t s of c a r c a s s e s t h e r e i s c o n s i d e r a b l e s p r e a d of m i c r o -
o r g a n i s m s and a l s o f a v o u r a b l e c o n d i t i o n s f o r t h e i r g r o w t h . T h i s o c c u r s 
b e f o r e p a c k i n g a n d f r e e z i n g . 

T h e u s e of i r r a d i a t i o n f o r r i d d i n g t h e f r o z e n m a t e r i a l of s a l m o n e l l a e 
i s t h e on ly f e a s i b l e s o l u t i o n t o t h e p r o b l e m . 

P o u l t r y m e a t i s known t o b e a v e h i c l e of s a l m o n e l l a e t o a g r e a t e r o r 
l e s s e r e x t e n t , a c c o r d i n g t o t h e c l e a n l i n e s s o r s a n i t a r y p r a c t i c e s of t h e 
p r o c e s s i n g p l a n t . T h e t r e a t m e n t of t he k i l l e d o r f r o z e n b i r d wi th i o n i z i n g 
r a d i a t i o n would e l i m i n a t e t h e s e o r g a n i s m s . 

Egg p r o d u c t s . Heat t r e a t m e n t i s e f f e c t i v e f o r l iquid whole egg in tended 
f o r f r e e z i n g o r d r y i n g . T h e h e a t t r e a t m e n t of e g g w h i t e i s no t y e t f u l l y 
s a t i s f a c t o r y . D r y h e a t t r e a t m e n t f o r f l a k e d a l b u m i n i s a p p l i c a b l e . It i s 
i m p o s s i b l e t o r e n d e r egg p r o d u c t s f r e e f r o m s a l m o n e l l a e by i m p r o v e d h y g i e n e 
a lone , b e c a u s e p o u l t r y t h e m s e l v e s a r e known to be one of the b igges t r e s e r -
v o i r s of s a l m o n e l l a e . Most c o u n t r i e s e x p o r t i n g egg p r o d u c t s have t h e i r own 
h e a t - t r e a t m e n t f a c i l i t i e s . R a d i a t i o n c a n be c o n s i d e r e d a s a n a l t e r n a t i v e 
m e t h o d , of t r e a t m e n t . S h e l l e g g s c a n n o t b e i r r a d i a t e d . 

Milk and o t h e r d a i r y p r o d u c t s . Milk and m o s t o t h e r d a i r y p r o d u c t s a r e 
e x t r e m e l y s e n s i t i v e t o i o n i z i n g r a d i a t i o n , and e v e n low d o s e s o f t e n c a u s e 
u n d e s i r a b l e c h a n g e s in t h e p r o d u c t . It i s t h e r e f o r e d o u b t f u l if r a d i a t i o n 
c o n t r o l of h a r m f u l o r g a n i s m s i s a p p l i c a b l e . 

D e s i c c a t e d c o c o n u t . M e a s u r e s of h y g i e n e in t h e p r o d u c t i o n of t h e 
d e s i c c a t e d m a t e r i a l h a v e a l r e a d y led to a m a r k e d d e c r e a s e in s a l m o n e l l a e 
c o n t a m i n a t i o n . In addi t ion , s t e a m t r e a t m e n t fo l lowed by d r y i n g can be u s e d 
a s a s u p p l e m e n t a r y m e t h o d . So f a r i r r a d i a t i o n t r e a t m e n t h a s p r o v e d u n -
s a t i s f a c t o r y , b e c a u s e t h e d o s e r e q u i r e d i n d u c e s r a n c i d i t y . 

C. As i nd i ca t ed in the i n t r o d u c t o r y r e m a r k s , t h e r e i s a s u b s t a n t i a l n u m b e r 
of i n e d i b l e p r o d u c t s t h a t a r e known to t r a n s m i t h a r m f u l m i c r o - o r g a n i s m s , 
p o s s i b l y i n c l u d i n g s a l m o n e l l a e . T h e s e c a n b e g r o u p e d a s f o l l o w s : 

R a w m a t e r i a l s f o r m a n u f a c t u r i n g p u r p o s e s , e . g . g o a t s 1 h a i r , s k i n s 
a n d h i d e s , p i g b r i s t l e , woo l , h o o f , h o r n a n d t u s k s , f e a t h e r s . 

F e r t i l i z e r s , e . g . guano, c o m p o s t , s l udge , f e a t h e r m e a l , bone, b lood, 
hoof and h o r n . 
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E f f l u e n t s f r o m c o m m u n i t i e s , s l a u g h t e r h o u s e s and o t h e r i n d u s t r i e s . 
S o m e of t h e p r o d u c t s l i s t e d above h a v e a l r e a d y b e e n c o m m e n t e d u p o n . A 

f e w r e m a r k s a b o u t t h e o t h e r s m a y be a p p r o p r i a t e . 
G u a n o . A s f a r a s t h e P a n e l m e m b e r s know, t h e r e a r e no p u b l i s h e d 

r e s u l t s on the o c c u r r e n c e of s a l m o n e l l a e in t h i s p roduc t , but b i r d s a r e known 
t o p r o d u c e c o n t a m i n a t e d e x c r e t a . T h e r e w o u l d b e n o m e t h o d s u i t a b l e f o r 
d e c o n t a m i n a t i o n e x c e p t p o s s i b l y i r r a d i a t i o n . 

C o m p o s t . V a n d e r Schaa f (1962) p r o v i d e d e v i d e n c e t h a t t h i s p r o d u c t 
i s o f t e n c o n t a m i n a t e d wi th s a l m o n e l l a e . T h e n a t u r a l h e a t of p r o d u c t i o n , o r 
h e a t a p p l i e d d u r i n g p r o d u c t i o n , m a y d e s t r o y s a l m o n e l l a e . W h e r e t h i s i s 
n o t t h e c a s e , - r a d i a t i o n c o u l d be a p p l i e d t o t h i s p r o d u c t . 

S e w a g e : e f f l u e n t s and s l u d g e . It i s w e l l r e c o g n i z e d t h a t e f f l u e n t f r o m 
h u m a n and a n i m a l s o u r c e s c o n t a i n s s a l m o n e l l a e and tha t i t s u s e a s a f e r t i -
l i z e r c o n s t i t u t e s a h a z a r d v i a c r o p s f o r h u m a n and a n i m a l f e e d i n g and a l s o 
f o r g r a z i n g a n i m a l s . 

S l u d g e a n d s l u d g e c a k e s m a y be c o n t a m i n a t e d w i t h s a l m o n e l l a e ; a n d 
w h e n t h e y a r e , i r r a d i a t i o n m a y - b e a p p l i c a b l e . 

C O N C L U S I O N S 

T h e r e i s e v i d e n c e t h a t m a n y d r i e d o r f r o z e n p r o d u c t s of a n i m a l o r i g i n 
i n t e n d e d f o r a n i m a l f e e d i n g a n d a l s o d r i e d o r f r o z e n p r o d u c t s m o s t l y of 
a n i m a l o r i g i n u s e d f o r h u m a n food a r e c o n t a m i n a t e d with s a l m o n e l l a e . Many 
of the s e r o t y p e s found in the se p r o d u c t s o c c u r f r e q u e n t l y in human s a l m o n e l l o s i s . 

D r i e d a n i m a l p r o d u c t s u s e d a s f e r t i l i z e r s and the s a c k s u s e d f o r p a c k a g i n g 
f e r t i l i z e r and f e e d i n g s tu f f m a y s e r v e t o m a i n t a i n t h e s p r e a d of t h e s e 
o r g a n i s m s . 

T h e r e i s no i n f o r m a t i o n on the con t amina t ion with s a i m o n e l i a e of c e r t a i n 
i n e d i b l e p r o d u c t s of a n i m a l o r i g i n u s e d f o r m a n u f a c t u r i n g p u r p o s e s , but i t 
i s p o s s i b l e t h a t s k i n s , p i g b r i s t l e s a n d f e a t h e r s a r e c o n t a m i n a t e d . 

In s o m e i n s t a n c e s , e . g . c e r t a i n egg p r o d u c t s , hea t t r e a t m e n t p r o v i d e s 
a s a t i s f a c t o r y m e t h o d f o r the e l i m i n a t i o n of s a l m o n e l l a e . In o t h e r s n e i t h e r 
c h e m i c a l n o r h e a t t r e a t m e n t i s p r a c t i c a b l e , and e f f o r t s t o r e d u c e t h e 
h a z a r d by good s a n i t a t i o n h a v e c o n t i n u a l l y f a i l e d . F o r t h e s e , e . g . a n i m a l 
m e a l s f o r f e e d s and f e r t i l i z e r s , f r o z e n b o n e l e s s h o r s e m e a t and o t h e r o p e n -
p a c k pet f oods , r a d i a t i o n t r e a t m e n t i s r e c o m m e n d e d f o r i m m e d i a t e u s e . T h e 
a p p l i c a t i o n of r a d i a t i o n t r e a t m e n t f o r c e r t a i n foods in tended f o r h u m a n feed ing , 
e . g . f r o z e n b o n e l e s s v e a l a n d o t h e r f r o z e n b o n e l e s s m e a t s , i s s t r o n g l y 
r e c o m m e n d e d f o r c o n s i d e r a t i o n . 

I I . M I C R O B I O L O G Y 

1 . R a d i a t i o n e l i m i n a t i o n of s a l m o n e l l a e i s p a r t i c u l a r l y a p p l i c a b l e to n o n -
p e r i s h a b l e p r o d u c t s , s u c h a s t h o s e in the f r o z e n o r d r i e d s t a t e , w h e r e s u b -
s e q u e n t m u l t i p l i c a t i o n of s u r v i v i n g m i c r o - o r g a n i s m s i s not a p r o b l e m . When 
f o o d s in a p e r i s h a b l e s t a t e a r e to be i r r a d i a t e d , the poss ib i l i t y of the s u r v i v a l 
of pa thogens m u s t be i n v e s t i g a t e d , and s t o r a g e condi t ions m u s t be con t ro l l ed . 
2 . T h e r a d i a t i o n p r o c e s s r e q u i r e d c a n b e e s t i m a t e d by d e t e r m i n a t i o n of 
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t h e D v a l u e ( d e c i m a l r e d u c t i o n d o s e ) f o r t h e m o s t r e s i s t a n t s e r o t y p e l i k e l y 
to be p r e s e n t in the p r o d u c t to be i r r a d i a t e d . Then the d e g r e e of inac t iva t ion 
r e q u i r e d i s d e t e r m i n e d by the l e v e l of i n i t i a l c o n t a m i n a t i o n , on the a s s u m p t i o n 
t h a t t he r e q u i r e m e n t f o r t h e i r r a d i a t e d p r o d u c t i s a b s e n c e of s a l m o n e l l a e in 
100 g o r o t h e r c h o s e n l e v e l ( e . g . i n i t i a l n u m b e r of s a l m o n e l l a e 10 x / g , to be 
r e d u c e d t o 1 i n 1000 g ; i n a c t i v a t i o n f a c t o r r e q u i r e d , 10 x + 3 ; d o s e n e e d e d , 
D ( x + 3)) . 

R a d i a t i o n d o s e s c a l c u l a t e d i n t h i s w a y s h o u l d b e c h e c k e d b y t e s t s on 
t h e n a t u r a l l y c o n t a m i n a t e d p r o d u c t . 

Of t h e f i v e s e r o t y p e s s t u d i e d , n o n e h a s s h o w n h i g h e r r e s i s t a n c e t h a n 
h a s S. t y p h i - m u r i u m . A w i d e r r a n g e of s e r o t y p e s n e e d s t o b e s t u d i e d . 

T h e r e l a t i v e r e s i s t a n c e of d i f f e r e n t s e r o t y p e s c a n v a r y wi th the n a t u r e 
a n d p h y s i c a l s t a t e of t h e p r o d u c t in w h i c h t h e y a r e i r r a d i a t e d and m u s t b e 
d e t e r m i n e d in e a c h c a s e . Also , f o r any s t r a i n , D v a l u e s show a wide v a r i -
a t i on , d e p e n d i n g m a i n l y on the p r e s e n c e of oxygen and t h e w a t e r c o n t e n t of 
t h e p r o d u c t . 
3 . S u r v i v a l of i r r a d i a t e d b a c t e r i a ha s been shown to v a r y with the r e c o v e r y 
m e d i u m and t e m p e r a t u r e , and m o r e i n f o r m a t i o n i s n e e d e d on t h e o p t i m a l 
r e c o v e r y c o n d i t i o n s f o r i r r a d i a t e d s a l m o n e l l a e . 

A s s t r a i n s of E . c o l i h a v e p r o v e d m o r e r a d i a t i o n - s e n s i t i v e t h a n h a v e 
s o m e s t r a i n s of S a l m o n e l l a , E . c o l i wou ld not be s u i t a b l e a s a n i n d i c a t o r 
of f a e c a l c o n t a m i n a t i o n a f t e r i r r a d i a t i o n . D i r e c t t e s t s f o r s a l m o n e l l a e should 
b e u s e d on the i r r a d i a t e d p r o d u c t . 
4 . C o m p a r e d wi th S a l m o n e l l a s t r a i n s , C l o s t r i d i u m and B a c i l l u s s p o r e s 
a r e m u c h m o r e r a d i a t i o n - r e s i s t a n t , wh i l e y e a s t s and s o m e o t h e r v e g e t a t i v e 
b a c t e r i a , s u c h a s s t r e p t o c o c c i , m i c r o c o c c i e t c . , a r e s o m e w h a t m o r e r e -
s i s t a n t . If p r e s e n t in s u f f i c i e n t n u m b e r s , t h e s e would s u r v i v e d o s e s u s e d 
t o e l i m i n a t e s a l m o n e l l a e . S o m e r e d u c t i o n i n n u m b e r s w o u l d t a k e p l a c e , 
h o w e v e r , even with r e s i s t a n t b a c t e r i a . T h i s might p r o v e u s e f u l f o r pa thogens 
o t h e r t h a n s a l m o n e l l a e ( e . g . B a c i l l u s a n t h r a c i s in m a t e r i a l s w h i c h c o n t a i n 
i t ) . 
5. Rad ia t ion , hea t o r e t h y l e n e oxide p r o c e s s e s could a l l be u s e d f o r e l i m i -
n a t i o n of s a l m o n e l l a e and o t h e r h a r m f u l m i c r o b e s , e v e n if t h e r e i s s o m e 
v a r i a t i o n in r e s i s t a n c e of d i f f e r e n t s t r a i n s ( e s p e c i a l l y f o r h e a t ) , and would 
a l l l e a v e r e s i s t a n t s u r v i v o r s , of which b a c t e r i a l s p o r e s a r e the m o s t i m p o r t a n t . 
T h e c h o i c e of p r o c e s s would t h e r e f o r e be d e t e r m i n e d by o the r f a c t o r s . R a d i -
a t i o n i s t h e o n l y p r o c e s s a p p l i c a b l e t o p r o d u c t s i n t h e f r o z e n s t a t e . 
6 . B e c a u s e of t h e f o r m a t i o n of r a d i a t i o n - r e s i s t a n t m u t a n t s a n i n c r e a s e 
i n r e s i s t a n c e by a f a c t o r of about two h a s been shown in a s m a l l p r o p o r t i o n 
( e . g . 10"7) qf b a c t e r i a s u r v i v i n g r a d i a t i o n in l a b o r a t o r y e x p e r i m e n t s . T h i s 
s h o u l d no t p r o v e a h a z a r d i n r a d i a t i o n p r o c e s s i n g ; t h e n a t u r e of m o s t of 
t h e p r o d u c t s i s s u c h a s to p r e v e n t b a c t e r i a l m u l t i p l i c a t i o n , and, w h e r e it i s 
not , f a c t o r y hyg i ene shou ld be a b l e to avoid any oppo r tun i t y f o r t he a c c u m u -
l a t i o n of r e s i s t a n t m u t a n t s . 

III . WHOLESOMENESS 

1. T h e t y p e s of r a d i a t i o n ( g a m m a r a y s f r o m c o b a l t - 6 0 and o t h e r r a d i o -
a c t i v e i s o t o p e s , and e l e c t r o n s f r o m m a c h i n e s o u r c e s of l e s s t h a n l O M e V ) 
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b e i n g c o n s i d e r e d f o r t h i s a p p l i c a t i o n do n o t g i v e r i s e t o a n y p r o b l e m s of 
i n d u c e d r a d i o a c t i v i t y , but a w h o l e s o m e n e s s p r o b l e m c o n c e r n i n g t h e e f f e c t 
on t h e n u t r i t i v e v a l u e of food c o n s t i t u e n t s and t h e p o s s i b l e f o r m a t i o n of tox ic 
c o m p o u n d s m u s t be c o n s i d e r e d . 
2 . In t h e s t u d y of t r e a t m e n t s of a n i m a l f e e d s f o r t h e e l i m i n a t i o n of 
s a l m o n e l l a e the e f f e c t s of such t r e a t m e n t s on the n u t r i t i v e va lue of the p r o t e i n 
m u s t r e c e i v e p a r t i c u l a r a t t en t ion . 
3 . E v i d e n c e i s a v a i l a b l e w h i c h i n d i c a t e s t h a t no l o s s of p r o t e i n v a l u e in 
f o o d s a n d f e e d s w o u l d b e e x p e c t e d a t t h e r a d i a t i o n d o s e s w h i c h w o u l d b e 
e m p l o y e d in e l i m i n a t i n g s a l m o n e l l a e . P r e l i m i n a r y e x p e r i m e n t s on s o m e 
a n i m a l f e e d s (blood m e a l , f i s h and m e a t m e a l ) h a v e s h o w n t h a t no l o s s of 
" a v a i l a b l e l y s i n e " o c c u r s e v e n a t d o s e s a b o v e 1 M r a d and no c h a n g e i n 
" R e l a t i v e P r o t e i n V a l u e " a t 0 .5 M r a d , w h i c h w a s t h e o n l y d o s e t e s t e d . 
4 . The a b s e n c e of change in nu t r i t i ve va lue of p ro t e in r e s u l t i n g f r o m i r r a d i -
a t i on c o n t r a s t s w i th the s u b s t a n t i a l l o s s e s which o c c u r wi th the conven t iona l 
h e a t t r e a t m e n t and l o s s e s c a u s e d by the u s e of e thy lene ox ide . 
5 . V i t a m i n l o s s e s c a u s e d by r a d i a t i o n a r e in g e n e r a l c o m p a r a b l e with t hose 
c a u s e d by h e a t t r e a t m e n t and a r e not l i ke ly to be s i g n i f i c a n t at d o s e s be low 
1 M r a d , p a r t i c u l a r l y in d r y food . M o r e o v e r , in ind iv idua l a n i m a l f eeds , the 
e f f e c t on v i t a m i n s i s not g e n e r a l l y of p r a c t i c a l i m p o r t a n c e b e c a u s e the f e e d s 
e v e n t u a l l y b e c o m e p a r t of a c o m p o s i t e r a t i o n . 
6 . T h e c o n c l u s i o n s of t h e F A O / W H O / I A E A 1961 B r u s s e l s C o n f e r e n c e on 
t h e p o s s i b l e t o x i c i t y of i r r a d i a t e d food m u s t be a c c e p t e d in a c o n s i d e r -
a t i on of i r r a d i a t i o n a p p l i c a t i o n to the S a l m o n e l l a p r o b l e m . However , s o m e 
d i s t i n c t i o n s h o u l d b e m a d e b e t w e e n p r o d u c t s i r r a d i a t e d f o r a n i m a l c o n -
s u m p t i o n and t h o s e i n t e n d e d f o r h u m a n c o n s u m p t i o n . In v i e w of t h e l a r g e -
s c a l e t e s t i n g p r o g r a m m e of t h e p o s s i b l e t o x i c i t y of i r r a d i a t e d h u m a n f o o d s 
a l r e a d y c a r r i e d ou t , w h i c h h a s s o f a r p r o d u c e d n o e v i d e n c e of a n y t o x i c 
f a c t o r s , i r r a d i a t e d a n i m a l f e e d s should be s e r i o u s l y c o n s i d e r e d f o r d i s t r i -
b u t i o n , T h i s w o u l d b e a good w a y of i n t r o d u c i n g r a d i a t i o n i n t o food t e c h -
n o l o g y on a l a r g e s c a l e . 
7 . T o x i c e f f e c t s f r o m t h e u s e of e t h y l e n e ox ide f o r t he t r e a t m e n t of f o o d s 
h a v e a l r e a d y b e e n o b s e r v e d , and i t s u s e i s no t p e r m i t t e d in m a n y c o u n t r i e s . 
I r r a d i a t i o n i s t h e o n l y m e t h o d of c o l d t r e a t m e n t no t i n v o l v i n g t h e u s e of 
c h e m i c a l s at p r e s e n t a v a i l a b l e and t h e r e f o r e w a r r a n t s s e r i o u s c o n s i d e r a t i o n 
f o r t r i a l . 

IV. TECHNOLOGY 
« 

1. It i s a p p a r e n t l y t e c h n o l o g i c a l l y f e a s i b l e to p r o c e s s food and a n i m a l f e e d s 
by i r r a d i a t i o n wi th e i t h e r c o b a l t - 6 0 p l an t s o r e l e c t r o n m a c h i n e s . I r r a d i a t i o n 
p l a n t s a r e a l r e a d y in o p e r a t i o n f o r s t e r i l i z a t i o n of m e d i c a l supp l i e s , f o r t he 
e l i m i n a t i o n of B. a n t h r a c i s f r o m g o a t s ' h a i r and (on a p i l o t - p l a n t s c a l e ) f o r 
s p r o u t i nh ib i t i on in p o t a t o e s . 
2 . E l e c t r o n m a c h i n e s m i g h t be u s e d f o r t h e t r e a t m e n t of l o o s e m a t e r i a l 
p l a c e d i n t h i n l a y e r s on a c o n v e y o r b e l t . G a m m a r a y s w o u l d b e u s e d f o r 
p a c k a g e d foods , e . g . a n i m a l f e e d s in b a g s o r f r o z e n p r o d u c t s s u c h a s whole 
egg in t i n s and h o r s e m e a t . 
3 . H igh c a p i t a l c o s t i s i n v o l v e d in t h e e s t a b l i s h m e n t of a r a d i a t i o n p l a n t . 
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F o r i n s t a n c e , t he t o t a l i n v e s t m e n t invo lved in a c o b a l t - 6 0 p l an t d e s i g n e d to 
p r o c e s s 13 000 t o n s of f r o z e n h o r s e m e a t p e r a n n u m at a d o s e of 0.65 M r a d 
would be a p p r o x i m a t e l y £250 000 ($700 000); m o s t of th i s cos t i s t he p u r c h a s e 
of t he i so tope i t s e l f . B a s e d on a 1 0 - y r a m o r t i z a t i o n , the c o s t f o r the t r e a t -
m e n t would be a p p r o x i m a t e l y 0 .56 d / l b ( U S $ 0 . 6 5 / l b ) . M a c h i n e s o u r c e s , 
w h e r e a p p l i c a b l e , m i g h t be s o m e w h a t c h e a p e r . T h i s c o s t of t r e a t m e n t i s 
c o m p a r a b l e wi th , o r l o w e r t h a n , h e a t p r o c e s s i n g . 
4 . In the c a s e of p r o t e i n c o n c e n t r a t e s , s u c h a s a n i m a l f e e d s , the f i n a n c i a l 
va lue of t he i r r a d i a t i o n - t r e a t e d p roduc t would be h ighe r than tha t of the h e a t -
t r e a t e d p r o d u c t , b e c a u s e t h e p r o t e i n v a l u e i s no t c h a n g e d b y i r r a d i a t i o n . 
5. A con t inuous and l a r g e th roughpu t of m a t e r i a l i s e s s e n t i a l f o r e c o n o m i c 
r a d i a t i o n p r o c e s s i n g ; t he p lan t m u s t be u s e d at f u l l c a p a c i t y , e s p e c i a l l y if 
i s o t o p e s a r e u s e d a s r a d i a t i o n s o u r c e . A plant could be des igned f o r t r e a t m e n t 
of a v a r i e t y of d i f f e r e n t p r o d u c t s , but t h i s would r e s u l t in r e d u c e d r a d i a t i o n 
e f f i c i e n c y . 
6 . R a d i a t i o n t r e a t m e n t of a f o o d p r o d u c t c a n n o t be d e t e c t e d a s y e t b y 
e x a m i n a t i o n of the food i t s e l f , b e c a u s e the c h e m i c a l c h a n g e s a r e e x t r e m e l y 
s m a l l . I n d i c a t o r l a b e l s s p e c i f i c t o r a d i a t i o n , w h i c h c a n b e u s e d t o d i s -
t i n g u i s h be tween i r r a d i a t e d and u n i r r a d i a t e d p r o d u c t s , have been deve loped . 
T r e a t e d and n o n - t r e a t e d c o m m o d i t i e s m u s t be kept s e p a r a t e d at t he s i t e of 
t h e p l a n t . 
7 . In p r i n c i p l e t h e p l a c e of a n i r r a d i a t i o n p l a n t t o e l i m i n a t e s a l m o n e l l a e 
and o t h e r h a r m f u l m i c r o b e s f r o m a c o m m o d i t y should be at t he s i t e of p r o -
d u c t i o n . T h e t h r o u g h p u t of m a t e r i a l f o r t r e a t m e n t w o u l d a l s o be b e t t e r 
a s s u r e d t h e r e . However , in v iew of the l ack of t e chno log i ca l deve lopment in 
m a n y c o u n t r i e s p r o d u c i n g f o o d s and f e e d s , it might be p r a c t i c a l at t he p r e s e n t 
t i m e t o i n s t a l l a p l a n t i n a c o u n t r y of i m p o r t . T r e a t m e n t a t a f r e e p o r t 
f a c i l i t y m i g h t b e e n v i s a g e d f o r p r o d u c t s f r o m c e r t a i n a r e a s w h i c h s h o w 
c o n s i s t e n t c o n t a m i n a t i o n . 
8. R a d i a t i o n t r e a t m e n t s h o u l d a l s o be c o n s i d e r e d f o r c e r t a i n f o o d s p r o -
duced and c o n s u m e d within a coun t ry , e . g . f r o z e n whole egg. The f ea s ib i l i t y 
of t h e u s e of r a d i a t i o n p r o c e s s i n g wi l l depend on l o c a l c o n d i t i o n s and e x i s t -
e n c e of c o m p e t i t i v e m e t h o d s . Such s i t ua t ions m u s t be indiv idual ly examined . 
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1. In m i c r o b i o l o g y . 
(a) Study of r a d i a t i o n r e s i s t a n c e of a d d i t i o n a l s e r o t y p e s of S a l m o n e l l a ; 
(b) Study of t h e e f f e c t s of w a t e r a c t i v i t y and of t h e l ip id c o n t e n t of t h e 

i r r a d i a t e d p r o d u c t s on r a d i a t i o n r e s i s t a n c e of S a l m o n e l l a ; 
(c) E f f e c t çf m e d i a and t e m p e r a t u r e on r e c o v e r y of i r r a d i a t e d s á l m o n e l l a e 

wi th s p e c i a l r e f e r e n c e to the u s e of S a l m o n e l l a s e l e c t i v e m e d i a . 
T h i s i s an i n i t i a l p r o g r a m m e f o r b a s i c i n f o r m a t i o n . When a p a r t i c u l a r 

p r o d u c t i s be ing s t u d i e d , i t would be d e s i r a b l e t o i n v e s t i g a t e a l s o r a d i a t i o n 
i n a c t i v a t i o n of o t h e r p a t h o g e n s , e . g . B a c i l l u s a n t h r à c i s . 

2. In w h o l e s o m e n e s s ~ 
(a) M o r e d i r e c t e x p e r i m e n t s shou ld be m a d e oh t h e e f f e c t of r a d i a t i o n 

on the n u t r i t i v e va lue of p r o t e i n with p a r t i c u l a r r e f e r e n c e to a n i m a l 

; ' f e e d s . A n i m a l t e s t s aá we l l a s c h e m i c a l and m i c r o b i o l o g i c a l e s t i -
m a t e s of p r o t e i n va lue should be m a d e . 

(b) M o r e a t t e n t i o n should b e ' g i v e n to the e f f e c t of t h e d o s e l e v e l s b e i n g 
c o n s i d e r e d h e r e (0. '5 - 1 M r a d ) on v i t a m i n d e s t r u c t i o n in t h e i n d i -
v i d u a l f o o d s w h e r e v i t a m i n c o n t e n t m i g h t b e i m p o r t a n t . 

The . P a n e l w i s h e s . t o d r a w , t h e a t t e n t i o n of t h e " E x p e r t C o m m i t t e e on 
W h o l e s o m e n e s s of I r r a d i a t e d F o o d " b e i n g s e t up by F A O / W H O / I A E A t o the 
p r o b l e m of t h e p o s s i b l e toxicity. .of i r r a d i a t e d a n i m a l f e e d s a n d t o i t s s u g n 
g e s t i o n tha t t h e u s e of s u c h f e e d s shou ld b e . p e r m i t t e d . 

3 . In t e c h n o l o g y ;. . , 

. (a) W h e n , d o s e , r e q u i r e m e n t s f o r p a r t i c u l a r p r o d u c t s h a v e b e e n f i x e d , 
- , , d e t a i l e d c o s t s t u d i e s shou ld be m a d e in t e r m s of a p a r t i c u l a r s i t u -
- ; !, a t i o n s o t h a t t h e b e s t way of t r e a t m e n t c an be e s t a b l i s h e d . 

(b) A d e t a i l e d , o n - t h e - s p o t a n a l y s i s should a l w a y s be m a d e in e a c h s i t u -
a t i o n b e f o r e d e c i d i n g on l o c a t i o n of an i r r a d i a t i o n p l an t a t i m p o r t 
o r e x p o r t . 

F . The P a n e l a l s o r e c o m m e n d e d that IAEA suppór t r e q u e s t s fo r the t r a in ing 
of s c i e n t i s t s f r o m ' c o u n t r i ' e s w h e r e r a d i a t i o n con t ro l of s a l m o n e l l a e and other 
p a t h o g ë h s might be cons ide red . ' L o n g - t e r m t r a i n i n g a s well as s h o r t e r study 
p e r i o d s in l a b o r a t o r i e s w h e r e a c t i v e r e s e a r c h in t h i s f i e ld i s u n d e r way i s 
Aighly d e s i r a b l e . It i s e s s è n t i a l tha t such t r a i n i n g should be l inked with the 
p o s s i b i l i t y f o r - t f ï e t r a i n e d s c i e n t i s t to p e r f o r m r e s e a r c h w o r k on r e t u r n t o 
h i s h o m e c o u n t r y . 

G , . T h e P a n e l . f i na l l y r e c o m m e n d e d t h a t t h e l e c t u r e s p r e s e n t e d a t t h e 
m e e t i n g ,as w e l l 3s. a n ed i ted v e r s i o n of the d i s c u s s i o n s shou ld be pub l i shed 
by IAEA in i t s T e c h n i c a l B u l l e t i n S e r i e s . T h e p u b l i c a t i o n shou ld b e g iven 
a s wide a d i s t r i b u t i o n a s p o s s i b l e in o r d e r to d r a w i n t e r n a t i o n a l a t t en t ion to 
t h e p r o b l e m of t r a n s m i t t a n c e of p e s t s and d i s e a s e s by food and f e e d p r o d -
u c t s and to t h e p o t e n t i a l u s e of a t o m i c e n e r g y f o r i t s c o n t r o l . 
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