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ABSTRACT 

The p o s s i b l e use o f gamma i r r a d i a t i o n a t doses o f 1 . 6 t o 

4 . 0 KGy t o i m p r o v e b a c t e r i o l o g i c a l q u a l i t y o f f r o z e n c h i c k e n was 

i n v e s t i g a t e d . The e f f e c t s o f camma i r r a d i a t i o n on S a l m o n e l l a 

v i a b i l i t y i n f r o z e n c h i c k e n and on s e n s o r y q u a l i t y o f f r o z e n 

c h i c k e n we re a l s o e v a l u a t e d . D ^ Q - v a l u e s f o r d i f f e r e n t i s o l a t e d 

s t r a i n s o f S a l m o n e l l a i n f r o z e n c h i c k e n v a r i e d f r o m 0 . 4 1 t o 0 . 5 7 

-VGy. A dose o f 4 ๒;:iy i s r e q u i r e d f o r a seven l o g c y c l e ? r e d u c t i o n 

o f 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 f r o z e n c h i c k e n . A p p r o x i m a t f c l y 2 1 

per c e n t o f f r o z e n c h i c ' c e n examined we re c o n t a m i n a t e d w i t h Sa lmo-

n e l l a . S a l m o n e l l a t y p h i m u r i u f f i , S a l m o n s l l a v i r c h o w , and S a l m o n e l l a 

j a v a were p r e d o m i n a n t . I r r a d i a t i o n o f f r o z e n c h i c k e n a t a min imum 

dose c f 3 . 2 kGy e l i m i n a t e d S a l m o n e l l a , C o l i f o r m , E s c h e r i c h i a c o l i , 

and S t a p h y l o c o c c u s a u r e u s a n d , i n a d d i t i o n , r e d u c e d b a c t e r i a l l o a d 

by 2 l o g c y c l e s . F a e c a l s t r e p t o c o c c i was s t i l l p r e s e n t i n a 3 . 2 

kGy samp les b u t i n a v e r y s m a l l p e r c e n t a g e and t h e c o u n t was n o t 

o v e r 100 c o l o n i e s p e r ร . D i s c o l o u r i n g o f c h i c k e n meat Was n o t e d 

a f t e r a 2 kGy t r e a t m e n t . The s e n s o r y q u a l i t y o f f r o z e n c h i c k e n 

i r r a d i a t e d a t 3 and 4 kCy t e n d e d t o d e c r e a s e d u r i n g f r o z e n s t o r a g e 

b u t v/as w i t h i n t h s a c c e p t a b l e r a n g e on a n i n e p o i n t 'nedonic s c a l e 

even a f t e r e i g h t months o f f r o z e n s t o r a g e . Dosage a t 3 . 2 kGy 

a p p e a r e d t o bo s u f f i c i e n t f o r i m p r o v i n g b a c t e r i o l o g i c a l q u a l i t y 

o f f r o z e n c h i c k e n . 



1 . INTRODUCTION 

P o u l t r y i n d u s t r i e s p l a y an i m p o r t a n t r o l e i n t h e econony 

o f t h e n a t i o n . They s e r v e as a ma in s o u r c e o f p r o t e i n and p r o v i d e 

f o r e i g n exchange e a r n i n g s . I n 1982 , T h a i l a n d e x p o r t e d more t h a n 

3 0 , 0 0 0 t o n s o f f r o z e n c h i c k e n v a l u e d a t a p p r o x i m a t e l y Baht 1 , 3 1 0 

m i l l i o n โ 1 3 

The number o f cases o f S a l m o n e l l o s i s f r om man and f e e d 

has i n c r e a s e d i n r e c e n t y e a r s . C h i c k e n i s an i m p o r t a n t v e c t o r o f 

t h i s d i s e a s e and 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 c h i c k e n i n T h a i l a n d 

have r e v e a l e d t h a t 6 p e r c e n t o f f r o z e n c h i c k e n may be c o n t a m i -

n a t e d . B a c t e r i o l o g i c a l q u a l i t y o f f r o z e n c h i c k e n d i d n o t a l w a y s 

comply w i t h t he g u i d e l i n e , 22 per cen t due t o c o l i f o r o , 20 p e r cent 

due t o F a e c a l s t r e p t o c o c c i , and 5 p e r Cent due t o S t a p h y l o c o c c u s 

a u r e u s ^ ' A p a r t f rom S a l m o n e l l a c o n t a m i n a t i o n , t h e s h e l f - l i f e o f 

ch icJ. " i 3 a l s o s h o r t due t o i t s p e r i s h a b l e n a t u r e and m i c r o b i a l 

c o n t a m i n a t i o n . One method o f r e d u c i n g t h i s S a l m o n e l l a c o n t a m i n a -

t i o n o f m a r k e t c h i c k e n w o u l d be t o t r e a t t h e packaged c h i c k e n w i t h 

i o n i z i n g r a d i a t i o n . S e v e r a l i n v e s t i g a t i o n s have shown t h e f e a s i b i -

l i t y o f u s i n g i o n i z i n g r a d i a t i o n i n e l i m i n a t i n g S a l m o n e l l a and 

e x t e n d i n g t h e s h e l f - l i f e o f p o u l t r y and m e a t s p " ^ S i n c e t h e r a i s -

i n g o f p o u l t r y f r e e f r o m p a t h o g e n i c m i c r o o r g a n i s m s w i l l n o t be 

a c c o m p l i s h e d i n t h e nea r f u t u r e and c r o s s c o n t a m i n a t i o n i s u n a v o i d -

a b l e , l a r g e s c a l e i r r a d i a t i o n o f c h i c k e n wou ld be a v e r y i m p o r t a n t 

p r e v e n t i v e m e t h o d . ' 

T h i s paper r e p o r t s t h e e f f e c t o f i r r a d i a t i o n on S a l m o n e l l a 

and o t h e r p a t h o g e n s i n f r o z e n c h i c k e n . I d e n t i f i c a t i o n o f Sa lmo-

n e l l a s e r o t y p e s a s s o c i a t e d w i t h f r o z e n c h i c k e n , d e t e r m i n a t i o n o f 

t h e i r r a d i a t i o n r e s i s t a n c e , and s e n s o r y e v a l u a t i o n o f t h e q u a l i t y 

o f i r r a d i a t e d f r o z p n c h i c k e n a r e a l s o i n c l u d e d . 



2. EXPERIMENTAL 

2.1 The effect of i rradiat ion on the quality of frozen 
chicken 

Commercial samples of frozen chicken (boneless breast, 
boneless leg, bone-in-leg, wing sticks, skin, f i l l e t and yaki tor i ) 
packed in plastic bags with a net weight of 2 kg per pack were 
obtained from 7 poultry processing plants. The samples were i r ra -
diated at room temperature in a Gammabeam 650 (Atomic Energy Canada 
Ltd.) at a dose rate of 0.46 kGy per hour using the dose range of 
1 .6 to 4 . 0 kGy and determined for T o t a l viable count, Coliform, 
Escherichia c o l i , F a e c a l streptococci, Staphylococcus aureus and 
S a l m o n e l l a . 

2 . 1 . 1 B a c t e r i o l o g i c a l e v a l u a t i o n 

Total viable counts and most probable number of Coliform 
and Escherichia co l i were determined by the method of ICMSF?^ 
Isolation and identi f icat ion of Salmonella serotypes were performed 
by the methods recommended by ICMSF and Horwitz?^ Enumeration of 
Staphylococcus aureus and Faecal streptococci were made by the 
method of the Nordic Committee on Food Analysis?^ 

2.1.2 Sensory evaluation 

The organoleptic properties of raw and cooked chicken moat 
made from non-irradiated and irradiated frozen chicken were judged 
subjectively by a trained panel of 13 members. Scoring was done 
according to multiple comparisons test described by Larmond^^"® 
Sensory evaluation of irradiated and non-irradiated frozen chicken 
was determined after 1 , 2 , 3 , 4 and 8 months. The judges were asked 
to evaluate cooked chicken meat for color and odor using a nine-
point hedonic scale. 

2.2 Radiation resistance of Salmonella in chicken 

Hadiation resistance of SE i lmone l l a 3*T«otypes associated 
with chicken พะ!ร determined using a r t i f i c i a l contaminated chicken. 
Half carcasses of chicken were immersed in Salmonella solutions 



c o n t a i n i n g 10 c e l l s pe r m l . A f t e r d r a i n i n g , c h i c k e n c a r c a s s e s 

were packed i n p l a s t i c bags and kep t f r o z e n a t - l 8 ° c t i l l i r r a d i a -

t i o n . The packed c h i c k e n c a r c a s s e s were i r r a d i a t e d i n t r i p l i c a t e 

t o a maximum dose o f 3 k f i y i n i n c r e m e n t s o f 0 . 7 5 kfiy. A q u a n t i t a -

t i v e coun t o f S a l m o n e l l a i n i r r a d i a t e d and n o n - i r r a d i a t e d samp les 

was d e t e r m i n e d by t h e most p r o b a b l e numbers methods as d e s c r i b e d 

by L i c c i a r d e l l o J 

3 . RESULTS AND DISCUSSION 

3 . 1 The e f f e c t o f i r r a d i a t i o n on t h s q u a l i t y o f f r o z e n 

c h i c k e n 

3 . 1 . 1 B a c t e r i o l o g i c a l e f f e c t 

R e s u l t s o f 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 789 samp les o f 

f r o z e n c h i c k e n a r e shown i n T a b l e 3.1.1.1. T o t a l v i a b l e c o u n t s o f 

n o n - i r r a d i a t e d samples r a n g e d f rom 10^ and 10^ c o l o n i e s p e r g , and 
, 4 . 5 

t h e h i g h e s t d i s t r i b u t i o n f r e q u e n c y was be tween 10 and 10 o r g a -
n i s m s per g . I r r a d i a t i o n a t 3:2 up t o 4 . 0 kGy r e d u c e d t h e c o u n t 
by 2 l o g c y c l e s . 

C o l i f o r m , E s c h e r i c h i a c o l i , S t a p h y l o c o c c u s a u r e u s . Faecal 
3 t r e p t o c o c c i and S a l m o n e l l a wei-e d e t e c t e d i n 97 , 5 4 , 8 , 47 and 21 

p e r c e n t o f t h e n o n - i r r a d i a t e d s a m p l e s , r e s p e c t i v e l y . A f t e r i r r a -

d i a t i o n w i t h 3.2 up t o 4 , 0 kGy, no d e t e c t a b l e number of Coliform, 
E s c h e r i c h i a c o l i , S t a p h y l o c o c c u s a u r e u s , and S a l m o n e l l a was found 
i n f r o z e n c h i c k e n . F a e c a l s t r e p t o c o c c i was s t i l l p r e s e n t i n a 

3.2 kGy samples b u t i n fi v e r y d m a l l p e r c e n t a g e and the count was 
n o t ove r l o o c o l o n i e s p e r £ . S e r o t y p e s o f S a l m o n e l l a i s o l a t e d 

f r o m n o n - i r r a d i a t e d knd i r r a d i a t e d f r o z e n c h i c k e n were ร. typhjwurium. 
3 . k r o f e l d , s . ernek, ร. v i r c h o w , ร . s e n f t e n b e r g , 3 . ana tum. 

ร . Panama, 3 . o h i o , ร . j a v a , 3 . b o v i s - m o r b i f i c a n s . ร . r u l r u . 

ร . h e l d e l b e r K , s . S t a n l e y , ร . b randcnber f£ . and ร . b r e d e n e y (Table 
3 . 1 . 1 . 2 ) . M i c r o b i o l o g i c a l s t a n d a r d f o r f r o z e n c h i c k e n i s shown in 
T a b l e 3 . 1 . 1 . 3 . I f t h i s s t a n d a r d i s t a k e n i n t o a c c o u n t , roughly 



- 4 . 

more t h a n 20 pe r c c n t o f t h e r .anp les examined w o u l d f a i l t o meet 

i t s l i m i t s . The a p p l i c a t i o n o f r a d i a t i o n a t dose o f 3 . 2 kGy t h u s 

seems t o be p r o m i s i n g f o r r e d u c i n g t h e b a c t e r i a l l o a d down t o 

a c c e p t a b l e l e v e l s . 

p. 1,2. Sensory e v a l u a t i o n 

F l a v o r p a n e l s were c a r r i e d o u t t o e v a l u a t e t h e e f f e c t s o f 

gamma i r r a d i a t i o n , and t h e i n t e r r e l a t i o n s h i p o f gamma i r r a d i a t i o n 

and s t o r a g e t i i re- on f r o z e n c h i c k e n q u a l i t y . Mean f l a v o r p a n e l 

s c o r e s f o r raw and cooked meat and mean s c o r e s f o r t h e c o l o r and 

odo r o f cooked meat d e r i v e d f rom f r o z e n c h i c k e n w i t h o r w i t h o u t 

r a d i a t i o n t r e a t m e n t a r e l i s t e d i n T a b l e s 3 . 1 . 2 . 1 , 3 . 1 . 2 . 2 , and 

3 . 1 . 2 . 3 , r e s p e c t i v e l y . 

R a d i a t i o n a t dose o f b kGy d i d n - ' t a f f e c t t h e odor o f 

f r o z e n c h i c k e n bu t d i d a f f e c t t h e c o l o r . Mean 3Cores f o r t h e 

c o l o r o f raw meat d e r i v e d f r o m 3 and k kGy samples were s i g n i f i -

c a n t l y ( p • 0 . 0 5 ) h i g h e r t h a n t h o s e o b s e r v e d f o r n o n - i r r a d i a t e d 

s a m p l e s . Change i n c o l o r was obse rved a f t e r a 2 kGy t r e a t m e n t 

where t h e c o l o r became s l i g h t p i n k . A f t e r c o o k i n g , mean c o l o r 

s c o r e s f o r i r r a d i a t e d and n o n - i r r a d i a t e d samp les d i d n o t d i f f e r 

s i g n i f i c a n t l y . A l t h o u g h a n a l y s i s o f v a r i a n c e showed no s i g n i f i -

can t d i f f e r e n c e i n odor between i r r a d i a t e d and n o n - i r r a d i a t e d 

c h i c k e n , s c o r e s o f 3 and k k3y samples wsre somewhat r e d u c e d f r o m 

those- o b s e r v e d fox n o n - i r r a d i a t e d samp les . R a d i a t i o n i n d u c e d 

changes i n c o l o r and odor was a l s o obse rved i n c h i c k c n c a r c a s s c s 

i - r a d i a t e d a t doses o f 2 . 5 and 5 . 0 

S t o r a g e o f i r r a d i a t e d f r o z e n c h i c k e n a t - l 8 ° c up t o 8 

months d i d n o t a f f o c t t h e q u a l i t y o f t h e p r o d u c t ( T a b l e s 3 . 1 . 2 . 2 

and 3 . 1 . 2 . 3 ) . Mean s c o r e s f o r t he c o l o r and odo r d i d n o t d i f f e r 

s i g n i f i c a n t l y . Doses o f i r r a d i a t i o n d i d n o t i n t e r a c t s i g n i f i c a n t l y 

w i t h s t o r a g e t i f i .e w i t h r e g a r d t o a l l s e n s o r y f a c t o r s . 
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3 . 2 R a d i a t i o n r e s i s t a n c e o f S a l m o n e l l a i n c h i c k e n 

A number o f e x p e r i m e n t s o n c e l l s u r v i v a l were c a r r i e d o u t 

w i t h ร . t y p h i m u r i u m . ร . s e n f t e n b e r g . ร . Panama. ร . k r e f e l d . 

ร . i n f a n t i s , ร . agona . ร . d e r b y 1 3 . t hompson . and ร . emek. The 

e f f e c t o f gamma i r r a d i a t i o n on S a l m o n e l l a f o l l o w e d t h e l i n e a r l o g 

number /dose r e l a t i o n s h i p . D^Q-va lues r a n g e d f r o m 0 . 4 1 t o 0 . 5 7 k f i y 

( T a b l e 3 . 2 . 1 ) . Aaontr S a l m o n e l l a s e r o t y p e s f o u n d i n f r o z e n c h i c k e n , 

ร . s e n f t e n b e r p ; was t h e most r e s i s t a n t and 3 . emek was t h e l e a s t 

r e s i s t a n t . Cn t h e b a s i s o f t h e 7 D c o n c e p t , t h e dose o f 4 kGy i s 

r e q u i r e d f o r d e c o n t a m i n a t i o n o f S a l m o n e l l a a t 10^ c e l l s p e r g. i n 

f r o z e n c h i c k e n . S i n c e t h e number o f v i a b l e S a l m o n e l l a o c c u r r i n g 

i n most f o o d s ^nd a n i m a l f e e d s was se ldom f o u n d t o exceed l / g ^ ^ , 

t h e c a l c u l a t e d dose o f 4 kGy wou ld be amply s a f e f o r d e c o n t a m i n a -

t i o n o f S a l m o n e l l a i n f r o z e n c h i c k e n . 

4 . CONCLUSIONS 

Commerc ia l samples o f f r o z e n c h i c k e n f r o m 7 p o u l t r y p r o -

c e s s i n g p l a n t s were i r r a d i a t e d a t doses f r o m 1 . 6 t o 4 . 0 kGy . 

I r r a d i a t e d and n o n - i r r a d i a t e d samples were a n a l y z e d f o r t h e i r 

b a c t e r i o l o g i c a l q u a l i t y . A p p r o x i m a t e l y 21 p e r c e n t o f f r o z e n 

c h i c k e n examined were Con tam ina ted w i t h S a l m o n e l l a . 14 s e r o t y p e s 

o f S a l m o n e l l a were i s o l a t e d and ร . t y p h i m u r i u m . ร . v i r c h o w . and 

ร . j a v a were p r e d o m i n a n t . I r r a d i a t i o n o f f r o z e n c h i c k e n a t a 

minimum dose o f 3 . 2 k 3 y appeared t o be e f f e c t i v e i n e l i m i n a t i n g 

n a t u r a l l y c o n t a m i n a t i n g S a l m o n e l l a , C o l i f o r m , E s c h e r i c h i a c o l i , 

and S t a p h y l o c o c c u s a u r e u s . T o t a l v i a b l e c o u n t was a l s o r e d u c e d 

by 2 l o g c y c l e s . F a e c a l s t r e p t o c o c c i was n o t c o m p l e t e l y e l i m i -

n a t e d . The r e m a i n i n g Count was n o t over 100 c o l o n i c s p e r g b u t 

s t i l l i n t h e a c c e p t a b l e l e v e l o f m i c r o b i o l o g i c a l s t a n d a r d f o r 

f r o z e n c h i c k e n . 

A number o f e x p e r i m e n t s on c e l l s u r v i v a l were c a r r i e d ou t 

w i t h d i f f e r e n t i s o l a t e d s t r a i n s o f S a l m o n e l l a i n f r o z e n i n o c u l a t e d 

c h i c k e n . D 2 . 0 " v a l u c s r a n ร c c J f r o " c t o 0 ' 5 7 kGy . Cn t h e b a s i s 

o f t h e 7D c o n c e p t , t h e dose o f 4 kGy i s r e q u i r e d f o r d e c o n t a m i n a -

t i o n o f S a l m o n e l l a i n f r o z e n c h i c k e n . 
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No o b j e c t i o n a b l e odor o f f r o z e n c h i c k e n i r r a d i a t e d a t 

doses as h i g h as 4 kGy was found by t h e s e n s o r y p a n e l . D i s c o l o u r -

i n g o f c h i c k e n meat was n o t e d a t t h e dose o f 2 kGy. The s e n s o r y 

q u a l i t y o f f r o z e n c h i c k e n i r r a d i a t e d a t 3 and 4 kGy t e n d e d t o 

d e c r e a s e d u r i n g f r o z e n s t o r a g e b u t was w i t h i n t h e a c c e p t a b l e r a n g e 

on a n i n e p o i n t hedon i c s c a l e even a f t e r e i g h t months o f f r o z e n 

s t o r a g e . ' Dosage a t 3 . 2 kGy appea red t o be s u f f i c i e n t f o r i m p r o v -

i n g b a c t e r i o l o g i c a l q u a l i t y o f f r o z e n c h i c k e n . 
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Table 3.1.1.1 Bacteriological examination of non-irradiated and 
irradiated frozen chicken samples. 

. _ Dose Number of . 1 . „ . Organisms _ _ Number of organisms per g (kGy) samples * _ 

Total bacterial count 0.0 210 1.0 X 1 0 2 - >3.0 X 106 

1.6 69 3.0 X 10 - 5.2 X 10* 
1.8 95 2.0 X 10 - 3.0 X 105 

2.4 66 1.0 X 10 - 1.5 X 10* 
2.7 95 1.0 X 10 - 1.1 X 10* 
3.0 62 1.2 X 10 - 5.1 X 10* 
3.2 67(1) < 10 - 1.0 X 10* 
3.6 65 3.0 X 10 - 5.8 X 10* 
4 .0 6 0 ( 6 ) <10 - 2.2 X 103 

Coliform 0.0 210(6) <3 2.4 X 10* 
1.6 69(63) <3 - 1.0 X 105 

1.8 95(91) <3 - 4.3 X 102 

2.4 66(62) <3 - 2.3 X 102 

2.7 95(93) <3 - 2.3 X 10 
3.0 62(58) <3 - 4.3 X 10 
3.2 67(67) <3 
3.6 65(65) <3 
4.0 6o(6o) <3 

Escherichia co l i 0.0 210(97) <3 1.3 X 103 

1.6 69(69) <3 
1.8 95(94) <3 4.0 
2.4 66(66) <3 
2.7 95(95) <3 
3.0 62(62) <3 
3.2 67(67) <3 
3 . 6 6 5 ( 6 5 ) <3 
4.0 6 0 ( 6 0 ) <3 

- Number il l parenthesis is the number of samples that organisms are not 
detected. 



Table 3.1.1.1 (Continued) 

Organisms Dose 
(kGy) 

Number of 
samples 

0 . 0 210(193^ 
1.6 6 9 ( 6 9 ) 

1.8 95(95) 
2.4 6 6 ( 6 6 ) 

2.7 95(95) 
3.C 6 2 ( 6 2 ) 

3.2 67(67) 
3.6 6 5 ( 6 5 ) 

4.0 6 0 ( 6 0 ) 

Number of organisms per g 

Staphylococcus aureus <10< 
<10< 
< 1 0 ' 

<102 

<10' 

<10* 
<101 

<10' 
<10' 

2.4 X 1 0 " 

Faecal Streptococci 0.0 210(112) <102 - 2.5 X 10* 
1.6 69(53) <102 - 1.4 X 105 

1.8 95(91) - 9.0 X 102 

2.4 66(63) p <102 - 5.0 X 102 

2.7 95(9*0 - 7.0 X 102 

3.0 6 2 ( 6 2 ) 
* <102 

3.2 67(64) - 1.0 X 102 

3.6 6 5 ( 6 5 ) <102 

4.0 6 0 ( 6 0 ) <102 

Salmonella spp. 0.0 210(165) Detectable 
1.6 69(65) Detectable 
1.8 95(89) Detectable 
2.4 66(64) Detectable 
2.7 95(89) Detectable 
3.0 62(48) Detectable 
3.2 67(67) ND 
3.6 65(65) ND 
4.0 60(60) ND 

- Number in parenthesis is the number of sarnplos that organisms are not 
detected, 

- ND » Not detectable. 



Tabic 3.1.1.2 Salmonella serotypes isolated from non-irradiated and 
irradiated frozen chicken samples. 

Dose 
(kGy) 

Serotypes 

0.0 ร. anatum, ร. krefeld, ร. emek, ร. virchow, ร. Panama, ร. ohio. 
ร. Java, ร. bovis-morbificans, ร. typhimurium. ร. ru i ru. 
ร. heidelberg. ร. Stanley. ร. senftenberR and ร. brandcnberg 

1.6 ร. typhimurium and ร. krefeld 
1.8 ร. krefeld, ร. ohio, ร. anatum and ร. emek 
2.4 ร. krefeld and ร. emek 
2.7 ร. typhimurium, ร. bredeney, ร. krefeld and ร. ohio 
3.0 ร' typhimurium, ร. senftenbers and ร. virchow 

3.2 none 
3.6 none 
4.0 none 

Table 3.1.1.3 Microbiological standard* for frozen chicken. 

Types of organisms Number of organisms per g 

Total mesophilic count 5 X 106 

Faecal streptococci 1 X 105 

Staphylococcus aureus 3 X 102 

Salmonella spp. 

1 

0 

* T h a i I n d u s t r i a l s t a n d a r d ( T I S . 5 9 0 - 1 9 8 5 ) . 



10 -

Tab le 3 . 1 . 2 . 1 Mean*" and analysis of variance of flavor panel scores for 
raw and cooked meat derived from non-irradiated and i r ra -
diated frozen chicken stored at - l8°c. 

Dose (kGy) Fac to r mean 
Sensory f a c t o r 

0 1 2 3 4 
F - v a l u e r a n k i n g 2 

Color raw 5.07 5.50 6.07 6.29 6.29 2.84* 3>4>2>1>0 
cooked 4.92 4.77 4.54 5.00 4.85 1.835 3>0>4ไ»1>2 

Odor raw 4.93 5.00 4.64 4.29 4.21 2.043 1>0>2>3>^ 
cooked 5.00 4.77 5.00 4.62 2.773 0>2>1>3>4 

1 Number of fudges ร 13 

2 Factor means with the same underline did not vary signi f icant ly (p>0.05) 

' Non signif icant p>0.05 

* Significant p<0.05 

Nine point scale ranging from 9» extremely better than refsrence« 5 ท0 

difference* and 1, extremely" worse than reference. 
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Table 3.1.2.2 Mean'* color scores for cooked meat derived from non-irradiated 
and irradiated frozen chicken stored at - l8°c for various 
time periods. 

Storage t i ๆ e Irradiat ion dose (kGy) 
(months) ว 3 4 

1 7.33 7.17 7.08 
2 7.33 7.42 7.50 
3 7.17 7.00 6.75 
4 6 . 9 2 7.42 7.42 
3 6 . 6 7 7.33 7.25 

Factorial analysis 

F-value Ranking of level means 

Irradiation dose (D) 0.734 2 3>4>0 
Storage time (T) 1.453 2 2>4>1>8>3 
ว * T 1.201 2 

* Number of judges • 12 

2 Non-significant p>0.05 

Level mean with the same underline did not vary s igni f icant ly (p>0,05) 

Nine point hedonic scale ranging from 9, highest aff irmative value, to 1, 
lowest affirmative value. 
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,1.2.3 Kean̂ " odor scores for cooked neat derived from non-
irradiated and irradiated frozen chicken stored at - l8°c 
for various time periods. 

Storage time Irradiat ion dose (kGy) 
(months) 0 3 4 

1 7 . 3 3 7 . 1 7 6 .92 

2 7 .08 7 . 2 5 6 . 7 5 

3 7 . 0 0 6 . 2 5 6 . 5 0 

4 7 . 0 0 6 . 5 8 7 . 0 8 

8 6 .83 6 .58 6 . 5 0 

Irradiation dose (D) 
Storage time (T) 
Dx T 

Factorial analyses 

F-value Ranking of level means 

1 .319 2 0>3>4 

1.616 2 1>2>4>8>? 

0.497 2 

* Number of judges ะะ 12 

2 Non-significant p>0.05 

Level means with the same underline did not vary s igni f icant ly (p>0.05) 

Nine point hedonic scale ranging from 9, highest affirmative value, to 1, 
lowest affirmative value. 
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Table 3 . 2 . 1 value of various Salmonella serotypes in a r t i f i -
c ia l ly contaminated chicken at frozen state. 

Salmonel la D20~value 
s g r 0 t y p e s (kGy) 

3 . ty r rh i r iu r iu ra 0 . 4 6 

ร . s e n f t e n b e r R 0 . 5 7 

ร . Panama 0 . 4 4 

ร . k r e f e l d 0 . 5 4 

ร . i n f a n t i s 0 . 4 9 

ร . a^ona 0 . 4 8 

ร . derby 0 .49 

3 . thompson 0 . 5 0 

ร . emek 0 . 4 1 
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