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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 2 and 

3 kGy t o improve 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 sh r imp was 

i n v e s t i g a t e d . The e f f e c t s 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 

v i a b i l i t y i n f r o z e n sh r imp and on senso ry q u a l i t y o f f r o z e n 

sh r imp were a l s o e v a l u a t e d . Trea tment o f f r o z e n sh r imp a t 3 kGy 

reduced b a c t e r i a l l o a d by 2 l o g c y c l e s and e l i m i n a t e d E n t e r o -

b a c t e r i a c e a e , E. e e l i , V . p a r a h a e m o l y t i c u s , and ร . a u r e u s . 

C o l i f o r m was s t i l l p resen t i n a 3 kGy t r e a t e d samples bu 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 count was l e s s t h a n 10 c e l l / g . 

S a l m o n e l l a was n o t d e t e c t e d i n e i t h e r i r r a d i a t e d or non- i r radiated 

f r o z e n s h r i m p . A d i f f e r e n c e i n r a d i a t i o n r e s i s t a n c e was n o t e d 

among f i v e S a l m o n e l l a s e r o t y p e s t e s t e d . ร . l e x i n g t o n was t h e 

most r e s i s t a n t and ร . anatum was t h e l e a s t r e s i s t a n t . Salmo-

n e l l a r e s i s t a n c e was h i g h e r i n f r o z e n i n o c u l a t e d sh r imp t h a n 

i n r e f r i g e r a t e d i n o c u l a t e d s h r i m p . A dose o f a t l e a s t 4 . 2 kGy 

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 con-

t a m i n a t i o n i n f r o z e n s h r i m p . O f f - f l a v o r s were p roduced i n 

f r o z e n sh r imp i r r a d i a t e d a t 4 . 2 kGy b v t d i m i n i s h e d d u r i n g sub-

sequent f r o z e n s t o r a g e . However, i r r a d i a t e d f r o z e n s h r i m p wa3 

o f a c c e p t a b l e q u a l i t y f o r a t l e a s t f o u r months. Dosage a t 

3 kGy appeared 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 s h r i m p . 



- ๆ -

1 . INTRODUCTION 

Shr imp a re known t o be t h e f ood a r t i c l e s o f g r e a t n u t r i -

t i o n a l v a l u e f o r human consumpt ion and a re o f economic impor tance. 

The f r o z e n shr imp i n d u s t r y o f T h a i l a n d has grown i n r e c e n t yea rs 

and shr imp now r e p r e s e n t s one o f an i m p o r t a n t expo r t i t e m . The 

q u a n t i t y and v a l u e o f t h e expor t o f T h a i shr imp t o Japan, U . S . A . , 

Hongkong, e t c . a re 22,647 tons f o r 2 , 7 6 4 m i l l i o n bah ts i n 1 9 8 2 ^ ^ 

So f a r , t h e marke t f o r f r o z e n shr imp has expanded w i t h i n c r e a s e d 

p r o d u c t i o n . 

The t r a d e i n shr imp i s c o n f r o n t e d w i t h s t r i c t hyg iene 

r e g u l a t i o n s and t h e prob lem o f h e a l t h hazards r e s u l t i n g f rom 

foodborne m ic roo rgan isms . S a l m o n e l l o s i s i s r e c o g n i z e d as a 

p u b l i c h e a l t h problem i n bo th i n d u s t r i a l i z e d and d e v e l o p i n g 

c o u n t r i e s . I t must be emphasized t h a t p e e l i n g , c l e a n i n g , and 

packag ing o f sh r imp e e n t i r e l y done by hand. Consequen t l y , 

t h e r i s k o f c o n t a m i n a t i o n and c ross c o n t a m i n a t i o n w i t h m i c r o -

organisms o f p u b l i c h e a l t h concern a re h i g h . Samples taken from 

f r o z e n shr imp i n 1981 and 1982 showed 2 . 2 and 1 . 3 pe r cent pos i -

t i v e f o r Sa lmone l l a ^?^ The ev idence o f Sa lmone l l a i n f r o z e n 

sh r imp had caused g r e a t concern t o t h e shr imp i n d u s t r y and l e d 

t o t h e economic l o s s e s due t o the p roduc t f a i l e d t o meet t h e 

b a c t e r i o l o g i c a l s t anda rd wh ich was made more s t r i n g e n t by most 

i m p o r t i n g c o u n t r i e s . High r e j e c t i o n o f expo r ted f r o z e n shr imp 

by US FDA r e c e n t l y amounted t o 83 and 17 m i l l i o n bahts i n 1981 

and 1 9 8 2 ^ ^ R e j e c t i o n was due to S a l m o n e l l a and A r i z o n a c o n t a -

m i n a t i o n and decompos i t i on o f p r o d u c t s . 

The a p p l i c a t i o n o f i o n i z i n g r a d i a t i o n t o p o u l t r y and 

meats has been shown t o be u s e f u l i n e l i m i n a t i n g Sa lmone l l a and 

e x t e n d i n g the s h e l f - l i f e o f t h e p roduc t R a d i a t i o n t rea tmen t 

o f f r o z e n sh r imp w i l l p r o v i d e g r e a t e r assurance t h a t e x p o r t s w i l l 

be a c c e p t a b l e and m in im ize economic l o s s e s . 

T h i s paper was des igned to s tudy the e f f e c t o f i r r a d i a t i o n 

on Sa lmone l l a v i a b i l i t y i n v iew o f t h e i r e l i m i n a t i o n i n f r o z e n 

s h r i m p . I n c l u d e d i n t h i s work a l s o , a re b a c t e r i o l o g i c a l a n a l y s i s 

o f i r r a d i a t e d and n o n - i r r a d i a t e d f r o z e n shr imp and sensory eva lua -

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 e n sh r imp . 



2. EXPERIMENTAL 

2 . 1 B a c t e r i o l o g i c a l a n a l y s i s o f i r r a d i a t e d and non-
i r r a d i a t e d f rozen shr imp. 

Samples o f f rozen shr imp from f i s h p rocess ing p la in ts were 
c o l l e c t e d and i r r a d i a t e d at 0, 2, and 3 kGy. I r r a d i a t i o n was 
c a r r i e d out at room temperature i n a Gammabeam 650 (Atomic Energy 
Canada L t d . ) , a t a dose r a t e o f 1 .96 kGy per hour on May 30, 1982. 
C o r r e c t i o n s f o r decay were made a f t e r each exposure. The samples 
were ana lyzed f o r T o t a l v i a b l e b a c t e r i a l coun ts , Enterobacteriaceae 
coun ts , C o l i f o r m , Faecal c o l i f o r m , E s c h e r i c h i a c o l i , Sa lmone l l a , 
V i b r i o parahaemoly t i cus t and Staphylococcus aureus. 

The t o t a l v i a b l e b a c t e r i a l counts were determined by drop 
p l a t e techn ique us ing t r y p t o n e - g l u c o s e - y e a s t e x t r a c t agar . The 
p l a t e s were incuba ted f o r 48 hours a t 35°c . The most p robab le 
number (MPN) o f c o l i f o r m , f a e c a l c o l i f o r m , and E s c h e r i c h i a c o l i 
i n each sample were determined accord ing to procedure desc r i bed 
i n t he I n t e r n a t i o n a l Atomic Energy Agency - M i c r o b i o l o g i c a l Spec i -
f i c a t i o n s and T e s t i n g Methods f o r I r r a d i a t e d Foods'".®^ 

The En te robac te r iaceae counts were es t ima ted on v i o l e t red 
b i l e dex t rose agar a f t e r one hour of r e s u s c i t a t i o n i n t r y p t i c a s e 
soy b r o t h a t 25°c. The p l a t e s were i ncuba ted f o r 24 hours a t 35°c. 
For q u a n t i t a t i o n o f Salmonel la by t he most p robab le numbers methods, 
groups o f f i v e tubes of s e l e n i t e c y s t i n e b r o t h were i n o c u l a t e d wi th 
t he p roper s e r i a l d i l u t i o n , i ncuba ted a t 37°c f o r 24-48 hours , then 
s t reaked on b r i l l i a n t green agar . The p l a t e s were i ncuba ted a t 
37°c f o r 24 hours. Suspected Sa lmone l la c o l o n i e s were examined 
b i o c h e m i c a l l y i n t r i p l e sugar i r o n agar and s e r o l o g i c a l l y by 
Sa lmone l la 0 - serum p o l y v a l e n t . The number o f p o s i t i v e tubes was 
determined and the Salmonel la count was es t ima ted from a <table o f 
most p robab le numbers. 

The MPN of V i b r i o parahaemoly t icus and Staphy lococcus aureus 
i n each sample were determined accord ing to procedure desc r i bed i n 
Compendium o f Methods f o r the M i c r o b i o l o g i c a l Examinat ion o f 
Foods 



- 3 -

2 . 2 Rad ia t ion s u r v i v a l of Salmonel la i n shrimp. 

Salmonel la l e x i n g t o n , Sa lmonel la affona, Sa lmonel la t y p h i -
murium. Salmonel la derby 1 and Sa lmonel la anatum suppl i ed by D i v i -
s i o n of C l i n i c a l Pathology , Department o f Medical S c i e n c e s were 
used in the a r t i f i c i a l contaminat ion p r o c e s s of shrimp. Cul tures 
were maintained on n u t r i e n t agar s l a n t s . To maintain s i m i l a r 
p o p u l a t i o n s of the c u l t u r e s to be used f o r i n o c u l a t i o n , an i n o c u -
lum from the pure c u l t u r e was t r a n s f e r r e d to 50 ml of n u t r i e n t 
bro th and incubated for 18-24 hours a t 35° c ( s h a k i n g ) . In every 
c a s e , 2 ml of c e l l suspens ion from the above mentioned c u l t u r e s 
were a s e p t i c a l l y taken i n t o a p i p e t t e and d i s p e r s e d in the same 
medium (300 ml in each f l a s k ) . The i n o c u l a t e d f l a s k was incubated 
a t 3 5 ° c f o r 20 hours i n a Lab-Line Orbit Environ Shaker (150 
r e v / m i n ) . Af ter i n c u b a t i o n , t h e i n o c u l a t e d broth Was added t o 
t h e i n o c u l a t i o n bath c o n t a i n i n g s t e r i l e d i s t i l l e d water to g e t 
10^ c e l l s per ml. 

Before use i n the i n o c u l a t i o n p r o c e s s , frozen shrimp 
( p e e l e d and s h e l l on h e a d l e s s ) p r e v i o u s l y i r r a d i a t e d a t 10 kGy 
were thawed for 24 hours a t 4°c. The thawed samples were then 
dipped i n t o the i n o c u l a t i o n bath for 20 minutes a t 20°c . A f t er 
d i p p i n g , the i n o c u l a t e d samples were drained for 2 minutes . 
Approximately 100 g of i n o c u l a t e d samples were put in the s t e r i l e 
b o t t l e and kept at 4°c ( r e f r i g e r a t e d i n o c u l a t e d shrimp) and a t 
- 1 8 c ( f r o z e n i n o c u l a t e d shrimp) t i l l i r r a d i a t i o n . The i n o c u -
l a t e d samples were i r r a d i a t e d i n t r i p l i c a t e to a maximum dose of 
1 . 8 kGy i n increments of 0 . 3 kGy. 

A q u a n t i t a t i v e count o f Salmonel la in r e f r i g e r a t e d i n o c u -
l a t e d shrimp was made immediately a f t e r i r r a d i a t i o n , whereas wi th 
f r o z e n i n o c u l a t e d samples counts were made the f o l l o w i n g day, 
w i t h an in ter im s t o r a g e of 4 ° c . Approximately 80-100 g of i r r a -
d i a t e d shrimp were taken a s e p t i c a l l y from each sample and p laced 
i n t o a s t e r i l e p l a s t i c bag. A t h r e e f o l d quant i ty of s t e r i l e 
phosphate peptone water was added and mixed for 30 seconds i n a 
Lab~31endor Stomacher-400. s t a r t i n g from t h i s f i r s t d i l u t i o n , 
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fur ther decimal d i l u t i o n s were prepared us ing s t e r i l e phosphate 
peptone water. Amount of 0 . 1 ml of a l i q u o t s from each d i l u t i o n 
was p l a t e d on n u t r i e n t agar i n p o t r i d i s h e s , u s i n g drop-p la te 
t e c h n i q u e s . The n o n - i r r a d i a t e d shrimp handled e x a c t l y t h e same 
way was used as a c o n t r o l i n each experiment. The i n o c u l a t e d 
p l a t e s were incubated a t 37°c f or 24-48 hours and then the 
v i s i b l e c o l o n i e s developed on them were counted a s s u r v i v o r s . 
Bach v i a b l e count was t h e average number o f c e l l s from dupl icate 
p l a t i n g s . The s u r v i v o r s / m l o f i r r a d i a t e d and n o n - i r r a d i a t e d 
shrimp was determined from a p a r t i c u l a r d i l u t i o n . The logarithmic 
mean of the s u r v i v i n g Sa lmone l la counts was e s t i m a t e d . From 
t h e s e l ogar i thmic acan v a l u e s , except the v a l u e s of the c o n t r o l 
t reatment , a r e g r e s s i o n l i n e was c a l c u l a t e d by the raethod of 
l e a s t squares . From t h e r e g r e s s i o n l i n e , y = a + b x , t h e 
v a l u e was c a l c u l a t e d . 

2.3 E f f e ; t o f i r r a d i a t i o n i n combinat ion w i t h f r o z e n 
s torage on the v i a b i l i t y o f Sa lmonel la i n shr imp. 

S h e l l on headless shr imp were i n o c u l a t e d w i t h Salmonel la 
l e x i n g t o n i n the manner p r e v i o u s l y desc r ibed . The i n o c u l a t e d 
samples were p laced i n the s t e r i l e b o t t l e (app rox ima te l y 100 g 
per u n i t ) and kept at - l 8 ° c t i l l i r r a d i a t i o n . The f rozen inocu-
l a t e d samples were i r r a d i a t e d i n t r i p l i c a t e a t 0 , 2, 3 , and 4 kGy 
and s to red f o r a p e r i o d of f ou r months at - l 8 ° c . Sa lmonel la 
counts were est imated a f t e r 1 , 1 6 , 30, 6 o , 90, and 120 days o f 
f rozen s to rage , us ing the most probable number techn ique , 

2 . 4 Sensory 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 
frozen shrimp. 

Frozen s h e l l on h e a d l e s s shrimp were prepared a t f i s h 
p r o c e s s i n g p lant u^ing f r e s h shrimp of l e s s than one-day-o ld 
shrimp from commercial s o u r c e . The frozen samples were i r r a -
d i a t e d at 0 . 0 , 2 . 2 , and 4 . 2 kGy at ambient temperature . A f t e r 
i r r a d i a t i o n , the f rozen samples were s t o r e d at - l 8 ° c f or a per iod 
of four months. 
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F lavo r pane l e v a l u a t i o n s were c a r r i e d out a f t e r 1 , 2 , 3 , 
and 4 months us ing 13 s t a f f members o f t he D i v i s i o n o f B i o l o g i c a l 
Sc ience, O f f i c e o f Atomic Energy f o r Peace and 14 s t a f f members 
and s tuden ts o f t he Department o f Food Sc ience, Kase tsa r t Un i ve r -
s i t y . Frozen samples were thawed ove rn igh t a t 4 °c , soaked i n 
2 .5 % b r i n e s o l u t i o n f o r 5 minutes, and cooked i n steam fo r 4 
m inu tes . Cooked shr imp were served i n coded d ishes to judges. 
Each judges r e c e i v e d t h r e e coded samples and one c o n t r o l sample 
as a r e f e r e n c e . The c o n t r o l sample was a lso i n c l u d e d as a coded 
sample. The judges were asked to eva lua te the cooked shr imp f o r 
c o l o r , t a s t e , odor , and t e x t u r e by comparing each coded sample 
w i t h r e f e r e n c e sample a c c o r d i n g to m u l t i p l e comparisons t e s t 
desc r ibed by Larmond'v ' '^ The judges were a lso asked t o eva lua te 
the r e f e r e n c e sample f o r c o l o r , odor , t a s t e , and t e x t u r e on a 
n i n e p o i n t d e s i r a b i l i t y sca le rang ing from " 9 " I h ighes t a f f i r m a -
t i v e va lue t o , " I " , lowest a f f i r m a t i v e va lue . 

The o r g a n o l e p t i c t e s t o f i r r a d i a t e d f r ozen shr imp was 
a l so done by d i s t r i b u t i n g the cooked meat d e r i v e d from i r r a d i a t e d 
and n o n - i r r a d i a t e d f rozen shrimp to about 32-46 p a n e l i s t s at 
Chieng Mai U n i v e r s i t y i n Chieng Mai , 30-45 p a n e l i s t s a t Khon Kaen 
U n i v e r s i t y i n Khon Kaen, 38-47 p a n e l i s t s a t P r i n c e of Songkhla 
U n i v e r s i t y i n Songkhla, and 37-42 p a n e l i s t s at S r i n a k h a r i n w i r o t 
U n i v e r s i t y i n Chonbur i . The p a n e l i s t s were taken from s tuden ts 
and s t a f f members o f the u n i v e r s i t i e s concerned. Each p a n e l i s t s 
r e c e i v e d th ree coded samples and one re fe rence sample t o be 
eva lua ted whether t h e r e i s any d i f f e r e n c e i n c o l o r , odo r , t a s t e , 
and t e x t u r e by comparing each coded sample w i t h r e f e r e n c e sample 
accord ing to m u l t i p l e comparisons t e s t . Th is o r g a n o l e p t i c t e s t 
was done t w i c e . The f i r s t t r i a l was done us ing f rozen samples 
a f t e r one month of s t o r a g e . For the second t r i a l , four month 
f r ozen s to rage samples were used. 



- 6 -

3 . RESULTS AND DISCUSSION 

3 . 1 B a c t e r i o l o g i c a l a n a l y s i s o f i r r a d i a t e d and non-

i r r a d i a t e d f r ozen s h r i m p . 

R e s u l t s o f b a c t e r i o l o g i c a l exam ina t i on o f 326 samples o f 

f r o z e n shr imp a re shown i n Tab le 3 . 1 . 1 . T o t a l b a c t e r i a l coun ts 

o f t h e samples f rom f r o z e n shr imp ranged f rom 8 . 3 0 X 1 0 ^ t o 

6 .50 X 10? organ isms pe r g , and the h i g h e s t d i s t r i b u t i o n f requency 

was between 10^ and 10^ organ isms per g . I r r a d i a t i o n a t 2 and 3 

kGy reduced t h e count by 1 - 2 l o g c y c l e s . 93 pe r cent o f f r o z e n 

sh r imp samples was con tam ina ted w i t h i . n t e r o b a c t e r i a c e a e , most o f 

them c o n t a i n i n g l e s s t h a n 10^ per g . The E n t e r o b a c t e r i a c e a e 

f l o r a o f f r o z e n sh r imp c o n s i s t e d o f E s c h e r i c h i a c o l i , E n t e r o -

b a c t e r , K l e b s i e l l a , C i t r o b a c t e r , ^ r o v i d e n c i a , and P ro teus spp. 

I r r a d i a t i o n at 2 kGy e l i m i n a t e d E n t e r o b a c t e r i a c e a e as h i g h as 

96 per cent o f the samples . A dose o f 3 kGy i s r e q u i r e d f o r t h e 

complete e l i m i n a t i o n o f E n t e r o b a c t e r i a c e a e i n f r o z e n sh r imp . 

C o l i f o r m s , E. c o l i , V. p a r a h a e m o l y t i c u s , and ร . aureus 

were d e t e c t e d i n 94 , 71 , 9 and 35 per cent o f t h e f r o z e n samples, 

r e s p e c t i v e l y . However, o n l y 1 , 2, and 11 per cent o f t h e samples 

had V. p a r a h a e m o l y t i c u s , ร . aureus., and E. c o l i coun ts o f over 

10 per g . A f t e r i r r a d i a t i o n w i t h 3 kGy, no d e t e c t a b l e number o f 

£ . c o l i , V. p a r a h a e m o l y t i c u s , and ร . aureus was found i n f r o z e n 

shr imp/ - V. p a r a h a e m o l y t i c u s i s known t o be common con taminan ts 

i n sea food . I t was found t h a t a dose o f 2 I f i y was s u f f i c i e n t f o r 

t h e e l i m i n a t i o n o f t h i s o rgan i sm. 

Sa lmone l l a was no t d e t e c t e d i n a l l samples examined. 

However, an e x a m i n a t i o n o f f r o z e n shr imp by Department o f Medica l 

Sc iences d u r i n g 1981-1982 showed 1 - 2 per cent p o s i t i v e f o r Salmo-

n e l l a . The p r e v a l e n t s p e c i e s o f Sa lmone l l a were found t o be ร . 

t yph imur i um ( 4 , 5 , 1 2 : i ; 1 , 2 ) , ร . l e x i n f t t o n ( 3 , 1 0 I Z 1 0 , 1 , 5 ) , 

and ร . afiona ( 4 , 1 2 ร f , g , ร ) 
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3 . 2 Rad ia t ion s u r v i v a l of Sa lmone l la i n shrimp. 

A number of experiments on c e l l s u r v i v a l were Carried out 
with ร. l e x i n g t o n , ร . agona, ร. typhinurium, ร. derby, and ร. 
anatum. The data on c e l l s u r v i v a l i n t h e a r t i f i c i a l l y i n o c u l a t e d 
shrimp at r e f r i g e r a t e d and frozen s t a t e b e f o r e and a f t e r i r r a d i a -
t i o n wi th v a r i o u s doses i s g i v e n in Tab le s 3 . 2 . 1 and 3 . 2 . 2 . The 
e f f e c t of gamma r a d i a t i o n on Salmonel la i n r e f r i g e r a t e d and f r o z e n 
shrimp f o l l o w e d the l i n e a r log ทนทber/dose r e l a t i o n s h i p . JD̂ Q -
v a l u e s ranged from 0 . 3 0 to 0 . 4 8 kGy for r e f r i g e r a t e d contaminated 
shrimp and from 0 . 4 2 t o 0 . 5 9 kGy for frozen i n o c u l a t e d shri-Tip. 

I t i s obvious from the s u r v i v a l da ta t h a t Sa lmone l la i s 
more r e s i s t a n t in f rozen shrimp than in r e f r i g e r a t e d shrimp. A 
grea ter d e s t r u c t i o n of c e l l was a l s o observed when comminuted 
chicken i n o c u l a t e d wi th ร . oranienburg was i r r a d i a t e d i n t h e non 
frozen s t a t e (0°c) compared with the frozen s t a t e ( - l 8 ° c ) . Among 
Salmonel la s e r o t y p e s found in frozen shrimp, 3. l e x i i i g t o n was the 
most r e s i s t a n t , ร . typhimurium and ร , agona were i n t e r m e d i a t e , 
and ร . anatum was t h e l e a s t r e s i s t a n t . Taking the r e s i s t a n c e of 
ร . l e x i n g t o n a s a r e f e r e n c e , an i r r a d i a t i o n dose o f at l e a s t 4 . 2 
kGy i s r e q u i r e d for a seven l o g c y c l e r e d u c t i o n of Sa lmone l la 
contamination i n frozen shrimp. S ince t h e number o f v i a b l e Salmo-
n e l l a occurr ing in most foods and animal f e e d s was seldom found to 
exceed l /g '" ,^ the c a l c u l a t e d dose of 4 . 2 kGy would be amply s a f e 
for the e l i m i n a t i o n of Sa lmonel la in frozen shrimp. 

3 . 3 E f f e c t of i r r a d i a t i o n i n combination wi th frozen 
storage- on the v i a b i l i t y of Salmonel la i n shrimp. 

S i n c e i n a c t u a l p r a c t i c e i t was more l i k e l y that a f rozen 
shrimp would be s t o r e d frozen for some t i m e , i t was dec ided t o 
compare t h e e f f e c t of s torage on the v i a b i l i t y of Sa lmone l la 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 frozen shrimp. Frozen i n o c u l a t e d 
shrimp were i r r a d i a t e d a t s e v e r a l dose l e v e l s and then s t o r e d at 
- l 8 ° c for four months. The r e s u l t of a s tudy u s i n g ร. l e x i n g t o n 
as a t e s t organism i s shown in Table 3 . 3 . 1 . 



- 8 -

I r r a d i a t i o n doses o f 3 and 4 kGy reduced t h e Sa lmonel la 
count from an i n i t i a l number o f lO 'Vg t o l e s s than 10 /g . A 
f u r t h e r decrease i n the count was observed du r ing an extended 
f rozen s to rage a t - l 8 ° c . There a lso appeared t o be a decrease 
i n the Sa lmone l la count f o r n o n - i r r a d i a t e d samples. T h e r e f o r e , 
i r r a d i a t e d Sa lmone l la a re not more s u s c e p t i b l e to f r e e z i n g i n j u r y 
dur ing f rozen s to rage than n o n - i r r a d i a t e d Sa lmone l la . However, 
t h i s r e s u l t demonstrates an added b e n e f i t o f f r ozen s torage i n 
reduc ing t h e numbers o f Salmonel la i n i r r a d i a t e d f r o z e n shr imp 1,0 

a l e v e l beyond t h a t can be de tec ted by t he no rma l l y accepted 
procedures . 

3 . 4 Sensory e v a l u a t i o n of t he q u a l i t y o f i r r a d i a t e d 

f rozen shr imp. 

F lavo r panels were c a r r i e d out a f t e r 1 , 2 , 3 , and 4 months 
o f f r ozen s to rage t o eva lua te the e f f e c t s o f gamma i r r a d i a t i o n and 
the 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 to rage t ime on 
f rozen shrimp q u a l i t y . Mean scores f o r the c o l o r , odor , t a s t e , 
and t e x t u r e o f f rozen shr imp w i t h or w i t h o u t r a d i a t i o n t rea tment 
are l i s t e d i n Tables 3 . 4 . 1 , 3 . 4 . 2 , 3 . 4 . 3 and 3 . 4 . 4 , r e s p e c t i v e l y . 

Treatment o f f r ozen shrimp w i t h 2 .2 kGy d i d not a f f e c t 
t he c o l o r , t a s t e , and t e x t u r e but d i d a f f e c t the odor of f rozen 
shr imp. The d i f f e r e n c e i n q u a l i t y was more pronounced a f t e r a 
4 .2 kGy t r e a t m e n t . Mean, scores fo r t he odor and t a s t e of cooked 
meat d e r i v e d from the t r e a t e d samples were s i g n i f i c a n t l y (p<0.05) 
lower than those observed f o r n o n - t r e a t e d samples a f t e r 1 and 2 
months o f f r o z e n s to rage . However, no s i g n i f i c a n t d i f f e r e n c e i n 
scores was observed dur ing subsequent f r ozen s to rage . R a d i a t i o n -
induced changes i n o d o r ^ and i t s d iminishment du r i ng s t o r a g e ^ ^ 
were a l so observed i n shr imp i r r a d i a t e d at dose above 2 .5 kGy. 
A l though f a c t o r i a l a n a l y s i s showed no s i g n i f i c a n t d i f f e r e n c e i n 
co lo r and t e x t u r e between t r e a t e d and n o n - t r e a t e d shr imp, scores 
f o r t r e a t e d samples were somewhat reduced from those observed f o r 
n o n - t r e a t e d samples at every pe r iods of f rozen s to rage . Loss i n 
co lo r and change i n t e x t u r e have been found i n i r r a d i a t e d shr imp 
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and were brought about by the degradat ion o f as taxan th ine and 
p r o t e i n s ^ ^ s to rage o f f rozen shr imp at - l 8 ° c f o r v a r i o u s 

t ime pe r i ods d i d not a f f e c t t he q u a l i t y o f t he p r o d u c t . Doses o f 
i r r a d i a t i o n d i d not 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 to rage t ime w i t h 
rega rd t o a l l sensory f a c t o r s . 

Cooked meat de r i ved from c o n t r o l samples d i d not show a 
s i g n i f i c a n t d i f f e r e n c e i n mean scores f o r the c o l o r , odor , t a s t e , 
and t e x t u r e du r i ng a 4-month f rozen s to rage p e r i o d (Tab le 3 . 4 . 5 ) . 
However, the sensory scores decreased w i t h i n c r e a s i n g s to rage 
t i m e . 

Resu l t o f o r g a n o l e p t i c e v a l u a t i o n o f cooked meat d e r i v e d 
from i r r a d i a t e d and n o n - i r r a d i a t e d f r ozen shrimp conducted i n 
Chieng Mai , Khon Kaen, oongkh la , and Chonburi i s 3hown i n Tab le 
3 . 4 . 6 . T h i s o r g a n o l e p t i c t e s t r e f l e c t s more or l e s s consumer 
q u a l i t y . Again, s i g n i f i c a n t d i f f e r e n c e s i n odor and t a s t e scores 
between t r e a t e d and n o n - t r e a t e d samples were observed. Th is was 
p a r t i c u l a r l y t r u e f o r a 4 .2 kGy t r ea tmen t . I t i s obv ious from the 
r e s u l t t h a t v a r i a t i o n i n the a c c e p t a b i l i t y o f i r r a d i a t e d shr imp 
e x i s t s among consumer from d i f f e r e n t l o c a l i t i e s . The re fo re , 
consumer acceptance o f the product shou ld be r e l i e d on marke t ing 
t r i a l at areas where the i r r a d i a t e d f rozen shrimp are to be 
i n t r o d u c e d . 
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4 . CONCLUSIONS 

F r o z e n s h r i m p s a m p l e s f r o m f i s h p r o c e s s i n g p l a n t s w e r e 
i r r a d i a t e d a t 2 a n d 3 k G y . I r r a d i a t e d a n d n o n - i r r a d i a t e d s a m p l e s 
w e r e 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 . I r r a d i a t i o n dose 
o f 3 kGy a p p e a r e d t o b e e f f e c t i v e i n e l i m i n a t i n g S n t e r o b a c t e i i a c e a e , 
S s c h e r i c h x ? r o l l , V i b r i o p a r a h a e m o l y t i c u s , a n d S t a p h y l o c o c c u s 
a u r e u s f r o m n a t u r a l l y c o n t a m i n a t e d f r o z e n s h r i m p a n d , i n a d d i t i o n , 
r e d u c e d t h e t o t a l v i a b l e b a c t e r i a l c o u n t b y 2 l o g c y c l e s . C o l i -
f o r m w a s 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 c o u n t w a s l e s s 
t h a n 1 0 c e l l / g a n d c o n s i d e r e d t o b e n o n - s i g n i f i c a n t i n t e r m o f 
b a c t e r i o l o g i c a l q u a l i t y . S a l m o n e l l a was n o t d e t e c t e d i n e i t h e r 
i r r a d i a t e d o r n o n - i r r a d i a t e d f r o z e n s h r i m p . 

A n u m b e r 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 w e r e c a r r i e d o u t 
w i t h s e v e r a l S a l m o n e l l a s e r o t y p e s i n r e f r i g e r a t e d i n o c u l a t e d 
s h r i m p a n d f r o z e n i n o c u l a t e d s h r i m p . S a l m o n e l l a r e s i s t a n c e w a s 
l o w e r i n r e f r i g e r a t e d i n o c u l a t e d s h r i m p t h a n i n f r o z e n i n o c u l a t e d 
s h r i m p . D - ^ Q - v a l u e s r a n g e d f r o m 0 . 3 0 t o 0 . 4 8 kGy f o r r e f r i g e r a t e d 
i n o c u l a t e d s h r i m p a n d f r o m 0 . 4 2 t o 0 . 5 9 kGy f o r f r o z e n i n o c u l a t e d 
s h r i m p . B a s e d on t h e D ^ Q - v a l u e o b t a i n e d , i t was c a l c u l a t e d t h a t 
a n i r r a d i a t i o n d o s e o f a t l e a s t 4 . 2 kGy i s r e q u i r e d f o r a s e v e n 
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 i n f r o z e n s h r i m p . F r o z e n s t o r a g e 
r e d u c e d t h e v i a b i l i t y o f S a l m o n e l l a i n i n o c u l a t e d s h r i m p b y 2 l o g 
c y c l e s w i t h i n 1 2 0 d a y s o f s t o r a g e a t - l 8 ° c . I r r a d i a t e d S a l m o n e l l a 
a r e n o t m o r e s u s c e p t i b l e t o f r e e z i n g i n j u r y d u r i n g f r o z e n s t o r a g e 
t h a n n o n - i r r a d i a t e d S a l m o n e l l a , 

T h e s e n s o r y q u a l i t y o f f r o z e n s h r i m p 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 w a s w i t h i n t h e a c c e p t a b l e r a n g e o n a 
n i n e p o i n t d e s i r a b i l i t y s c a l e e v e n a f t e r f o u r m o n t h s o f f r o z e n 
s t o r a g e . A p p l i c a t i o n o f gamma i r r a d i a t i o n a t 2 . 2 kGy d i d n o t 
s i g n i f i c a n t l y a f f e c t t h e c o l o r , t a s t e , a n d t e x t u r e b u t d i d a f f e c t 
t h e o d o r o f f r o z e n s h r i m p . The d i f f e r e n c e i n q u a l i t y w a s m o r e 
p r o n o u n c e d a f t e r a 4 . 2 kGy t r e a t m e n t b u t i t d i s s i p a t e d d u r i n g 
s u b s e q u e n t s t o r a g e a t - l 8 ° c . 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 s h r i m p 
a t - 1 8 c f o r f o u r m o n t h s d i d n o t s i g n i f i c a n t l y a f f e c t t h e q u a l i t y 
o f t h e p r o d u c t . A d i f f e r e n c e i n a c c e p t a n c e o f i r r a d i a t e d f r o z e n 
s h r i m p was n o t e d among c o n s u m e r a t d i f f e r e n t l o c a l i t i e s . 
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TABLE 3 . 1 . 1 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 n o n - i r r a d i a t e d a n d 
i r r a d i a t e d f r o z e n s h r i m p s a m p l e s . 

O r g a n i s m s D o s e 
( k G y ) No. o r s a m p l e s No. o f o r g a n i s m s p e r g 

T o t a l b a c t e r i a l c o u n t 0 1 2 7 8 .30X 1 0 * - 6 . 5 0 x 1 ท 7 

2 1 0 7 1 . 4 4 x i o 5 - 1 . 6 8 x i o 6 

3 3 8 2 . 6 5 x l O 2 - 5 . 6 0 x i o 5 

E n t e r o b a c t e r i a c e a e 0 15S ( 1 1 ) * ND - 5 . 8 0 x i o 5 

2 1 2 9 ( 1 2 4 ) ND - 2 . 7 5 x i o 2 

3 3 8 ( 3 8 ) ND 

C o l i f o r m 0 1 5 7 ( 1 0 ) ND - 2 . 4 0 x 1 0 * 
2 1 2 9 ( 9 5 ) ND - 2 . 3 0 
3 3 8 ( 3 * 0 ND - 2 . 3 0 

F a e c a l c o l i f o r m 0 1 5 7 ( 2 6 ) ND - 2 . 4 0 X 1 0 * 
2 1 2 9 ( 1 2 4 ) ND - 0 . 9 0 
3 3 8 ( 3 8 ) ND 

E s c h e r i c h i a c o l i 0 1 5 7 ( 4 5 ) ND - 2 . 8 0 x i o 2 

2 1 2 9 ( 1 2 7 ) ND - 0 . 9 0 
3 3 8 ( 3 8 ) ND 

S a l m o n e l l a 0 1 5 9 ( 1 5 9 ) ND 
2 1 2 9 ( 1 2 9 ) ND 
3 3 8 ( 3 8 ) ND 

V i b r i o p a r a h a e m o l y t i c a s 0 1 5 3 ( 1 3 9 ) ND - 1 . 1 0 x i o 2 

2 1 2 9 ( 1 2 9 ) ND 
3 3 8 ( 3 8 ) ND 

S t a p h y l o c o c c u s a u r e u s 0 1 4 4 ( 9 3 ) ND - 7 . 0 0 x i o 1 

2 1 0 7 ( 8 7 ) ND - 2 . 8 0 
3 3 8 ( 3 8 ) ND 

* Number i n p a r e n t h e s i s 
d e t e c t e d . 

i s t h e n u m b e r o f s a m p l e s t h a t o r g a n i s m s a r e n o t 

ND ร No t d e t e c t a b l e 



- 1 3 -

TABLE 3 . 2 . 1 S u r v i v a l o f v a r i o u s S a l m o n e l l a s e r o t y p e s i n a r t i f i c i a l l y 
c o n t a m i n a t e d s h r i m p a t r e f r i g e r a t e d s t a t e . 

T y p e 
L o g n u m b e r o f S a l m o n e l l a p e r g 

D ^ Q - v a l u e 

( k G y ) 

T y p e 
R a d i a t i o n d o s e ( k G y ) 

D ^ Q - v a l u e 

( k G y ) 

T y p e 

0 . 0 0 . 3 0 . 6 0 . 9 1 . 2 1 . 5 1 . 8 

D ^ Q - v a l u e 

( k G y ) 

ร . a g o n a 1 8 . 0 6 7 . 0 2 6 . 2 8 5 . 5 2 4 . 7 6 4 . 0 9 3 . 2 3 0 . 4 0 
2 8 . 1 6 6 . 2 3 5 . 2 6 4 . 8 5 4 . 0 6 3 . 3 9 2 . 9 4 0 . 4 6 

ร . a n a t u m 1 8 . 0 9 6 . 3 7 5 . 7 5 4 . 8 7 4 . 1 8 3 . 3 7 2 . 6 3 0 . 3 6 
2 8 . 0 9 6 . 1 4 5 . 2 1 4 . 6 9 3 . 8 2 3 . 0 0 2 . 1 5 0 . 3 8 

ร . d e r b y 1 8 . 9 0 8 . 4 4 7 . 3 6 6 . 3 4 5 . 2 9 4 . 4 5 3 . 3 5 0 . 3 0 
2 7 . 9 0 6 , 2 0 5 . 4 1 4 . 5 6 3 . 6 9 3 . 0 1 2 . 3 9 0 . 3 9 

ร . l e x i n g t o n 1 8 . 2 5 6 . 8 2 6 . 0 2 5 . 3 8 4 . 6 6 3 . 6 8 2 . 9 7 0 . 3 9 
2 8 . 0 8 6 . 2 3 5 . 3 6 4 . 5 2 3 . 8 4 3 . 1 1 2 . 4 8 0 . 4 0 

ร . t y p h i m u r i u m 1 8 . 5 9 7 . 4 7 6 . 7 5 5 . 9 3 5 . 2 8 4 . 8 2 3 . 8 0 0 . 4 2 
2 7 . 9 5 6 . 2 5 5 . 5 8 4 . 8 7 4 . 2 7 3 . 6 9 3 . 1 8 0 . 4 8 

1 
2 

P e e l e d s h r i m p . 
S h e l l on h e a d l e s s s h r i m p . 
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TABLE 3 . 2 . 2 S u r v i v a l o f v a r i o u s S a l m o n e l l a s e r o t y p e s i n a r t i f i c i a l l y 
c o n t a m i n a t e d s h r i m p a t f r o z e n s t a t e . 

T y p e 
Log n u m b e r o f S a l m o n e l l a p e r g 

0 - v a l u e 

( k G y ) 

T y p e R a d i a t i o n d o s e ( k G y ) 
0 - v a l u e 

( k G y ) 

T y p e 

0 . 0 0 . 3 0 . 6 0 . 9 1 . 2 1 . 5 1 . 8 

0 - v a l u e 

( k G y ) 

ร . A g o a a 1 8 . 3 1 6 . 3 9 5 . 7 4 5 . 1 8 4 . 7 1 3 . 9 8 3 . 6 1 0 . 5 3 
2 8 . 0 8 7 . 0 2 6 . 5 5 6 . 2 0 5 . 3 1 4 . 5 0 - 0 . 4 8 

ร . a n a t u m 1 8 . 0 0 7 . 2 5 6 . 4 8 5 . 5 3 4 . 7 4 4 . 5 1 4 . 2 0 0 . 4 8 
2 7 . 8 4 6 . 9 4 5 . 9 4 5 . ^ 5 4 . 5 0 4 . 2 0 3 . 2 4 0 . 4 2 

ร . d e r b y 1 8 . 0 6 6 . 9 6 6 . 2 0 5 . 7 2 4 . 8 4 4 . 4 7 3 . 7 5 0 . 4 7 
2 8 . 5 5 8 . 1 0 7 . 8 3 7 . 0 8 5 . 9 8 5 . 3 5 4 . 9 9 0 . 4 3 

ร . l e x i n g t o n 1 8 . 5 7 7 . 2 6 6 . 6 5 6 . 1 5 5 . 6 1 5 . 1 9 4 . 5 3 0 . 5 6 

2 7 . 8 5 7 . 0 6 6 . 4 1 6 . 1 3 5 . 9 9 5 . 1 1 4 . 3 0 0 . 5 9 

ร . t y p h i m u r i u m 1 8 . 5 8 7 . 6 5 7 . 2 3 6 . 9 2 5 . 9 6 5 . 2 3 4 . 7 0 0 . 4 8 
2 8 . 2 7 7 . 1 9 6 . 4 8 6 . 1 3 5 . 5 2 4 . 9 4 4 . 3 9 0 . 5 5 

1 
2 

P e e l e d s h r i m p . 
S h e l l on h e a d l e s s s h r i m p . 
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TABLE 3 . 3 . 1 S u r v i v a l o f ร a l m o i n e l l a l e x i n g t o n i n i r r a d i a t e d a n d n o n -
i r r a d i a t e d f r o z e n s h r i m p d u r i n g s t o r a g e a t - l 8 ° c . 

S u r v i v o r s p e r g 
S t o r a g e t i m e 

( d a y s ) 0 fcGy 2 kGy 3 kGy 4 kGy 

1 2 . 2 9 X 1 0 7 2 . 5 0 X 1 0 2 2 . 8 5 1 . 3 4 

1 6 4 . 3 2 x 1 0 6 6 . 6 8 X 1 0 0 . 9 0 ND 

3 0 1 . 3 4 x 1 0 6 4 . 5 0 X 1 0 ND ND 

6 0 2 . 3 6 X 1 0 6 6 . 0 5 0 . 7 5 ND 

9 0 1 . 1 1 X 1 0 5 1 . 0 5 ND ND 

1 2 0 1 . 5 5 X 1 0 * 1 . 2 0 ND ND 

ND =. N o t d e t e c t a b l e 
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TABLE 3 . 4 . 1 Mean*" c o l o r s c o r e s f o r c o o k e d m e a t d e r i v e d f r o m n o n -
i r r a d i a t e d a n d i r r a d i a t e d f r o z e n s h r i m p s t o r e d a t 
- l 8 ° c f o r v a r i o u s t i m e p e r i o d s . 

S t o r a g e t i m e I r r a d i a t i o n d o s e ( k G y ) 
( m o n t h s ) 0 2 . 2 4 . 2 

1 4 . 9 6 4 .82 4 . 7 0 

2 5 . 5 2 4 .82 4 . 7 4 

3 5 . 1 1 5 . 3 0 5 . 2 6 

4 5 . 1 1 5 . 0 0 4 . 5 6 

F a c t o r i a l a n a l y s e s 

F - v a l u e R a n k i n g o f l e v e l m e a n s 

I r r a d i a t i o n d o s e ( D ) 2 . 230 2 0 > 2 . 2 > 4 . 2 
S t o r a g e t i m e ( T ) 1.568 2 3 > 2 > 4 > 1 
D X T 0 . 9 4 8 2 

1 ท = 27 2 N . S . p ^ 0 . 0 5 

L e v e l m e a n s w i t h t h e s a m e u n d e r l i n e d i d n o t v a r y s i g n i f i c a n t l y 
( p = 0 . 0 5 ) . 

N i n e p o i n t s c a l e r a n g i n g f r o m 9» e x t r e m e l y b e t t o r t h a n r e f e r e n c e , 5 , 
n o d i f f e r e n c e , a n d 1 , e x t r e m e l y w o r s e t h a n r e f e r e n c e . 



. 1 7 -

TABLE 3 . 4 . 2 M e a n 1 o d o r s c o r e s f o r c o o k e d m e a t d e r i v e d f r o m n o n -
i r r a d i a t e d a n d i r r a d i a t e d f r o z e n s h r i m p s t o r e d a t 
- l 8°c f o r v a r i o u s t i m e p e r i o d s . 

S t o r a g e t i m e I r r a d i a t i o n d o s e ( k G y ) 
( m o n t h s ) 0 2 . 2 4 . 2 

1 5 . 5 9 a 4 . 6 3 b 4 . l 8 b 

2 5 . 4 4 a 4 . 8 5 a b 4 . 7 4 b 

3 5 . 4 l a 4 . 5 6 b 4 . 8 5 a b 

4 5 . 1 1 a 4 . 7 0 a 4 . 5 6 a 

F a c t o r i a l a n a l y s e s 

F - v a l u e R a n k i n g o f l e v e l m e a n s 

I r r a d i a t i o n d o s e ( D ) 1 4 . 5 4 7 
S t o r a g e t i m e ( T ) C . 6 5 9 
D X T 1 . 0 1 3 

JO > 2 . 2 > 4 . 2 
2 > 3 > 1 > 4 

ท = 27 S i g . p < 0 . 0 1 N . S . p > 0 . 0 5 

Mean s c o r e s - i n a r o w ( i r r a d i a t i o n d o s e ) w i t h t h e s ame e x p o n e n t l e t t e r 
d i d n o t v a r y s i g n i f i c a n t l y ( p = 0 . 0 5 ) . 

L e v e l m e a n s w i t h t h e same u n d e r l i n e d i d n o t v a r y s i g n i f i c a n t l y 
( p ร 0 . 0 5 ) . 

N i n e p o i n t s c a l e r a n g i n g f r o m 9 , e x t r e m e l y b e t t e r t h a n r e f e r e n c e , 5» 
n o d i f f e r e n c e , a n d 1 , e x t r e m e l y w o r s e t h a n r e f e r e n c e . 
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TABLE 3 . 4 . 3 Mean^ t a s t e s c o r e s f o r c o o k e d m e a t d e r i v e d f r o m n o n -
i r r a d i a t e d a n d i r r a d i a t e d f r o z e n s h r i m p s t o r e d a t 
- l 8°c f o r v a r i o u s t i m e p e r i o d s . 

S t o r a g e t i m e I r r a d i a t i o n d o s e ( k G y ) 
( m o n t h s ) 0 2 . 2 4 . 2 

1 5 . 2 2 a 4 . 7 8 a b 4 . 4 l b 

2 5 . 4 6 a 5 . 0 O a b 4 . 7 0 b 

3 4 . 9 6 a 4 . 4 l a 4 . 4 8 a 

4 4 . 7 0 a 5 . 0 4 a 4 . 7 0 a 

F a c t o r i a l a n a l y s e s 

F - v a l u e R a n k i n g o f l e v e l m e a n s 

I r r a d i a t i o n d o s e ( 0 ) 5 . 0 4 5 2 0 > 2 . 2 > 4 . 2 
S t o r a g e t i m e ( T ) 1 . 8 6 5 3 2 > 4 > 1 > 3 
D X T 1 . 1 1 3 3 

1 ทะะ 27 2 S i g . p < 0 . 0 1 3 N.S. p> 0 .05 

Mean s c o r e s i n a r o w ( i r r a d i a t i o n d o s e ) w i t h t h e s ame e x p o n e n t l e t t e r 
d i d n o t v a r y s i g n i f i c a n t l y ( p = 0 . 0 5 ) . 

L e v e l m e a n s w i t h t h e s a m e u n d e r l i n e d i d n o t v a r y s i g n i f i c a n t l y 
( p = 0 . 0 5 ) . 

N i n e p o i n t s c a l e r a n g i n g f r o m 9» e x t r e m e l y b e t t e r t h a n r e f e r e n c e , 5 , 
n o d i f f e r e n c e , a n d 1 , e x t r e m e l y w o r s e t h a n r e f e r e n c e . 



- 19 -

TABLE Mean^" t e x t u r e scores f o r cooked neat d e r i v e d f rom non-
i r r a d i a t e d and i r r a d i a t e d f r o z e n shr imp s t o r e d a t 
- l 8 ° c f o r v a r i o u s t ime p e r i o d s . 

S to rage t i m e I r r a d i a t i o n dose (kGy) 

(months) 0 2 . 2 4 . 2 

1 5 . 0 4 4 . 9 6 5 . 0 4 
2 5 . 3 7 5 . 2 2 5 . 2 2 

3 5 . 0 7 5 . 0 0 4 . 7 4 

4 5 . 1 5 4 .89 4 .85 

F a c t o r i a l a n a l y s e s 

F - v a l u e Ranking o f l e v e l means 

I r r a d i a t i o n dose ( D ) 0 .818 2 0 > 2 . 2 > 4 . 2 

S t o r a g e t ime ( T ) 1 .438 2 2 > 1 > 4 > 3 

D X T 0 .175 2 

1 ท = 27 2 N.S. p > 0 . 0 5 

L e v e l means w i t h t h e same u n d e r l i n e d i d no t va ry s i g n i f i c a n t l y 
( p = 0 . 0 5 ) . 

N i n e p o i n t s c a l e r a n g i n g f rom 9 » ex t reme ly b e t t e r t h a n r e f e r e n c e , 5 , 
no d i f f e r e n c e , and 1 , e x t r e m e l y worse than r e f e r e n c e . 
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TABLE 3 * 4 , 5 M e a n 1 a n d a n a l y s i s o f v a r i a n c e o f f l a v o r p a n e l s c o r e s f o r 
c o o k e d m e a t d e r i v e d f r o m f r o z e n s h r i m p s t o r e d a t - l 8°c 
f o r v a r i o u s t i m e p e r i o d s . 

S e n s o r y 
f a c t o r 

S t o r a g e t i m e ( m o n t h s ) _ _ , F a c t o r m e a n s F - v a l u e _ 2 r a n k i n g 

C o l o r 7 . 5 6 7 . 3 3 7 . 5 2 7 . 1 1 1 . 6 8 4 3 1 > 3 > 2 > 4 

Odor 7 . 4 1 7 . 0 7 7 . 1 1 6 . 9 3 1 . 3 5 6 3 1 > 3 > 2 > 4 

T a s t e 7 . 4 8 7 . 0 0 7 . 0 4 6 . 9 6 1 . 8 2 4 3 1 > ? > 2 > 4 

T e x t u r e 7 . 7 0 7 . 1 1 7 . 2 2 6 . 9 6 2 . 5 9 4 3 1 > 3 > 2 > 4 

1 ท = 27 j u d g e m e n t s . 

2 F a c t o r m e a n s w i t h t h e s a m e u n d e r l i n e d i d n o t v a r y s i g n i f i c a n t l y 
( p = 0 . 0 5 ) . 

5 Non s i g n i f i c a n t p > 0 . 0 5 . 

N i n e p o i n t d e s i r a b i l i t y s c a l e r a n g i n g f r o m 9» h i g h e s t a f f i r m a t i v e v a l u e , 
t o 1 , l o w e s t a f f i r m a t i v e v a l u e . 



TABLE 3 . 4 . 6 Mean f l a v o r p a n e l sco res f o r cooked meat d e r i v e d f rom n o n - i r r a d i a t e d and i r r a d i a t e d f r o z e n sh r imp . 

Doee ( k G y ) 

c o l o r o d o r t a s t e t e x t u r e 
Doee ( k G y ) 1 4 1 4 1 4 1 4 

0 4 . 9 1 a + 1 . 0 7 5 . 5 9 a + 1 . 3 4 4 . 9 6 a + 1 . 0 1 5 . l 9 a + 1 . 2 6 4 . 6 3 a + 0 . 9 5 5 . 1 2 a + l . 6 2 4 . 9 3 a + l . o 8 5 . 1 9 a + 1 . 4 2 
C h i e n g M a i 2 . 2 . 5 . 0 6 a + 1 . 1 0 5 . 1 9 a + 1 . 4 7 4 . 9 1 a + 0 . 9 8 5 . 4 l a + 1 . 0 4 5 . 0 2 a + 1 . 0 0 5 . o 6 a + l . l 9 5 . 0 9 a + 1 . 0 9 4 . 9 7 a + i . 3 i 

4 . 2 5 . 1 7 a + 1 . 5 0 4 . 9 4 a + 1 . 4 6 4 . 6 3 a + 1 . 6 8 4 . 2 2 a + 1 . 5 4 4 . 8 3 a + 1 . 4 0 4 . 5 0 a + 1 . 6 3 4 . 6 l a + 1 . 0 2 5 . 0 6 a + l . 6 8 

0 4 . 9 5 a + 1 . 3 6 5 . 3 7 a + 1 . 5 9 4 . 8 9 a + i . 4 0 5 . 3 7 a + 1 . 3 8 5 . 1 3 a + l . l 6 5 . 1 3 a + l . 6 8 4 . 9 6 a + 0 . 7 7 5 . l 3 a + 1 . 3 3 
Khon Kaen 2 . 2 4 . 8 4 a + i . 6 9 4 . 8 3 a + 1 . 1 5 4 . 3 6 a h . 5 4 4 . 7 0 a + l . 2 9 4 . 5 1 ^ + 1 . 1 2 4 . 5 7 a + l . l 4 4 . 3 3 ^ + 1 . 0 2 4 . 5 0 b + 1 . 1 7 

4 . 2 4 . 8 o a + 1 . 5 5 4 . 7 0 a + 1 . 4 2 4 . 0 9 ^ + 1 . 7 3 4 . 5 3 b + l . 6 5 4 . 6 4 a + l . 4 0 4 . 6 3 a + 1 . 3 8 4 . 8 7 a + l . l 8 4 . 6 0 a + l . 2 2 

0 5 . 3 1 a + 1 . 5 2 5 . 3 S a + 1 . 7 7 5 . 0 2 a + l . 5 0 5 . 2 7 a + l . 5 8 5 . 2 9 a + 1 . 4 2 5 . 2 7 a + 1 . 3 0 5 . 2 1 a + 1 . 5 8 5 . 5 7 a + 1 . 5 2 
C h o n b u r i 2 . 2 4 . 7 6 a + l . 9 4 5 . 5 7 a + l . 6 2 4 . 2 9 a + 1 . 4 9 5 . 2 4 a + l . 2 6 4 . 7 6 a + l . 7 2 5 . 1 1 a + 1 . 3 1 4 . 6 9 a + 1 . 4 6 5 . 2 2 a + l . 5 5 

4 . 2 4 . 9 8 a + 1 . 5 2 5 . 1 1 a + 1 . 5 2 4 . 5 0 a + 1 . 8 2 5 . 0 5 a + l . 6 5 4 . 6 ? a + i . 7 5 4 . 9 5 a + 1 . 7 3 5 . 0 5 a + l . 7 0 4 . 8 6 b + l . 6 4 

0 5 . o 6 a + i . 3 9 5 . 3 4 a ± l . 8 o 4 . 7 0 a + l . 5 9 4 . 9 5 a + l . 7 5 4 . 2 6 a + l . 5 5 4 . 7 6 a + l . 5 8 4 . 4 2 a + l . 6 2 4 . 7 4 a + 1 . 2 0 
S o n g k h l a 2 . 2 4 . 7 9 a + l . 2 7 5 . 0 3 a + l . 8 2 4 , 4 0 a + l . 4 l 4 . 5 0 a + l . 2 7 4 . 8 7 a + 1 . 3 1 4 . 6 o a + l . 6 0 5 . 1 5 a + l . 2 8 4 . 7 6 a + 1 . 4 8 

4 . 2 4 . 5 5 a + 1 . 5 2 5 . 3 1 a + 1 . 7 9 4 . 3 6 a + 1 . 5 2 4 . 4 7 a ± 1 . 9 7 4 . 4 9 a + 1 . 5 9 4 . 8 4 a + 1 . 4 0 4 . 4 7 a + l . 5 7 4 . 8 9 a ± 1 . 5 4 

M i n e p o i n t s c a l e r a n g i n g f r o m 9 , e x t r e m e l y b e t t e r t h a n r e f e r e n c e , 5 , n o d i f f e r e n c e , a n d 1 , e x t r e m e l y w o r s e t h a n 
r e f e r e n c e . 
Mean s c o r e s i n a c o l u m n ( i r r a d i a t i o n d o s e ) w i t h t h e s a m e e x p o n e n t l e t t e r d i d n o t v a r y s i g n i f i c a n t l y ( p = 0 . 0 5 ) . 
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