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Abstract 
Pad Thai, which is stir fried rice noodle with dried shrimp, was subjected to gamma 
irradiation. Two components (cooked rice noodle and spicy sauce with dried shrimp) were 
separately packed and inoculated with Listeria monocytogenes and Escherichia coli. D10 
values of both pathogens were lower when pathogens were contaminated in cooked rice 
noodle. No survivors of both contaminated pathogens during 4 weeks of chilled storage when 
dose of 4 kGy was applied in the two components. After irradiation, texture of cooked rice 
noodle was softer and its color changed from white to yellow whereas redness of spicy sauce 
and dried shrimp decreased together with increase in pH of spicy sauce. During storage under 
chilled condition, all samples changed almost in the same pattern in term of harder texture and 
decrease in moisture content of cooked rice noodle, paler color of dried shrimp and spicy 
sauce and increase in pH of sauce. Panelists preferred non-irradiated Pad Thai at the 
beginning of storage but no difference was found at the end of storage. Dose of 4 kGy was 
recommended because chilled Pad Thai was free from pathogens, safe from microbial 
spoilage and acceptable sensory quality. Shelf life of chilled Pad Thai could be extended to 
more than 4 weeks compared to normal chilled ready meal, which has shelf life 5-7 days.                 
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1. Introduction 
Many traditional Thai dishes are popular in Thai restaurant over the world. Thai dishes 

are normally composed of herb and spicy with different types of meat. Beside of the dishes 
eaten along with rice, rice noodle is a popular component in Thai cuisine. Rice noodle is 
cooked, added in soup containing various meats or stir fried with different kind of sauces. In 
this study, Pad-Thai, which was stir fry rice noodle with dried shrimp and spicy sauce, was 
selected due to its popularity and feasibility of commercial production.      

However, apart from old style preparation like cooking at home or fresh serving in 
restaurants, there is an increased economic growth of prepared meals due to the change of life 
style of people in developed and developing countries. Such meals offer convenience and less 
preparation time. The meals are marketed either under chilled or frozen. The prepared meal 
market is highly segmented and mainly the market of chilled products is very dynamic. But, 
chilled prepared meals implicated in a number of serious foodborne disease outbreaks and 
have short shelf life. Thus, irradiation could provide a potential to improve the 
microbiological safety and extend the shelf life of chilled prepared meals. With the 
combination of irradiation and chilling, frozen condition could be replaced resulting to saving 
in energy and cost. Therefore, the study about the possibility to use irradiation for extending 
shelf life and ensure microbiological safety of selected chilled prepared meals, stir fry rice 
noodle with dried shrimp and spicy sauce (Pad Thai) was conducted. Changes of some 
physicochemical properties, microbiological quality and sensory quality of Pad Thai were 
evaluated after irradiation and during storage under chilled condition to determine its shelf 
life. To ensure safety from pathogens, this prepared meal was artificially contaminated with 
two pathogenic bacteria; Listeria monocytogenes and Escherichia coli, and then radiation 
sensitivity of these bacteria was determined together with their survivals after irradiation and 
during chilled storage to suggest optimum irradiation doses for this chilled prepared meal.        

 
2. Materials and Methods  
 
Preparation of Pad Thai Samples : 

Dried rice noodles and dried shrimps were purchased from local market. Spicy sauce 
(Pad Thai sauce) was from Pan Tai Norasingh Industry Co., Ltd.. To prepare Pad Thai, 400 g 
of dried rice noodles were soaked in water for 10 min then cooked in boiled water for 5 min. 
It was immediately cooled with cold water for a few seconds and then drained for 2 min. 
Thirty grams of dried shrimps were blanched for 30 sec in boiling water. Eighty five grams g 
of spicy sauce was heated to 85oC using hot plate. Hot sauce was added, mixed with dried 
shrimp and then added with 5 g of vegetable oil. Cooked rice noodle and spicy sauce 
containing dried shrimp were separately packed in plastic bag (Nylon/LDPE) and then sealed. 
They were kept under chilled condition (5±1°C) before the experiments.   
 
Gamma Irradiation Treatment : 

Gamma irradiation was done at the Office of the Atoms for Peace, Bangkok. Dose 
mapping was performed before to determine exposure time for each irradiation dose using 
radio chromic film type dosimeters. Three nylon/LDPE plastic packs containing 200 g cooked 
rice noodle and three packs of 120 g of spicy sauce with dried shrimp (30 g dried shrimp, 85 g 
spicy sauce and 5 g vegetable oil) were filled in the cell. Then it was irradiated using 60Co for 
Gammacell 220 facility (Nordion International Inc., Kanata, Ontario, Canada) at a dose rate of 
0.211 kGy min-1.   
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Evaluation of Radiation Sensitivity of Pathogenic Bacteria  
  

Preparation of pure stock cultures and inoculums. A loopful of L. monocytogenes 
(4335) from previous stock culture was transferred into 100 ml Trypicase Soy Broth (TSB). 
For E. Coli, 0.5 ml of lyophilized culture was added to each tube under aseptic conditions 
before transferred into 100 ml Trypicase Soy Broth (TSB). Both were put in incubator at 
37+2°C for 24 hr. Then the broth was streaked into petri dish with Trypicase Soy Agar (TSA) 
and incubated for another 24 hrs at 37+2°C. The single colonies were transformed into TSA 
slants and put back in incubator for 24 hrs at 37+2°C. The pure culture at this stage was kept 
in refrigerator at 5°C and used as a stock culture of L. monocytogenes and E. coli. To prepare 
inoculum, a loopful of single colony from each stock culture of L. monocytogenes and E. coli 
was transferred to 100ml Trypicase Soy Broth (TSB) and shaken well to disperse the bacteria 
and incubated for 24 hrs at 37+2°C. Standardization of each bacteria was done in TSB until 
the turbidity to equal to MacFaland No.0.5, which is equivalent to the bacteria concentration 
of 107 colony per ml. The amount of bacteria in inoculum was confirmed by surface plate 
method.  

Artificial Contamination. Cooked rice noodle and dried shrimp in spicy sauce were 
packed separately in nylon/PE bags before being sterilized at 121°C for 15 min. The inoculum 
equivalent to MacFaland No.0.5 turbidity of L. monocytogenes and E. coli were separately 
inoculated into sterilized cooked rice noodle and dried shrimp in spicy sauce samples under 
aseptic condition to yield approximately the initial pathogen concentration equal to 106 cells 
per gram of sample. Then samples were heat sealed and kept in the ice box during 
transporting to irradiation treatment.   

Determination of D10 values. Sterilized cooked rice noodle and dried shrimp were 
separately added with prepared inoculum of L. monocytogenes and E. coli at 106 cells per 
gram of samples and then irradiated at 1, 2, 3 and 4 kGy. After irradiation treatment, survivals 
of the two pathogens after irradiation at each dose were determined. Total numbers of the two 
pathogens in contaminated samples were also determined in non-irradiated samples (the 
control sample). To calculate D10 radiation values, the two methods were proposed. For 
Linear Regression Analysis (LRA) method, the inactivation curves were plotted between Log 
N/No and D, where N is the amount of surviving microorganism, No is the initial number of 
organisms present and D is dose absorbed by the product. Then they were fitted using a least-
square regression through the data points in such a way that the non linear parts were 
excluded. D10 was calculated from the negative inverse of the slope. For Total Dose (TD) 
method, D10 value is equal the output from amount of irradiation required to eliminate any 
survivors (kGy) divided by initial cell population (log cfu/g)     
 Evaluation of Pathogen Survival under Chilled Storage. Sterilized cooked rice 
noodle and dried shrimp in spicy sauce was packed separately and contaminated with 
prepared inoculum of L. monocytogenes and E. coli at 106 cells per gram of samples. Samples 
were irradiated at 3 and 4 kGy and kept in refrigerator (5±1oC). After irradiation and every 
week, samples were taken out to evaluate the quantity of surviving pathogenic bacteria.    

  
Shelf Life Evaluation of Irradiated Pad Thai under Chilled Storage : 
 
 Cooked rice noodle and spicy sauce with dried shrimp prepared by method mentioned 
above were separately packed in nylon/LDPE plastic bags and then irradiated at 0, 3 and 4 
kGy. Then they were stored in refrigerator under chilled condition (5±1oC) for 4 weeks. After 
irradiation and every week, cooked rice noodle was determined for moisture content, color 
and textural properties as well as pH and color of spicy sauce and dried shrimp. Microbial 



International Symposium “New Frontier of Irradiated food and Non-Food Products”22-23 September  2005, KMUTT, Bangkok, Thailand 
 

 

quality was evaluated in term of total plate counts in cooked rice noodle and spicy sauce with 
dried shrimp samples. Panelists were asked to evaluate their acceptance to the irradiated 
product.           
 
Quality Determination : 
 

Detection and enumeration of L. monocytogenes used only one media (BAM-8, 
January 2003).  The standard esculin-containing selective isolation medium, Oxford 
formulation agar (OXA) (OXOID, Hampshire, UK) was selected for this test. For E. coli, 
enumeration was done in a solid medium plating method (BAM-8, September 2002) using 
Violet Red Bile (VRB) agar (OXOID, Hampshire, UK).  The total viable count was 
determined using Plate Count Agar.  

The color attribute of cooked rice noodle, spicy sauce and dried shrimp was measured 
by color difference meter (Model TC-PIIIA, Tokyo, Denshoku Co., Ltd., Japan) which is 
based on CIE system (L*, a*, b*). The degree of whiteness to blackness (value) is represented 
by L* values. Reading of a* represent redness (+) to greenness (-) and b* values represent 
yellowness (+) to blueness (-). Moisture content was determined by drying in hot air oven. 
The acidity of samples was determined by using pH meter (Model PHH-80, Omega 
Engineering, USA) standardized at pH 7.0 at 25°C by using buffer solution. Texture profile of 
cooked rice noodle was obtained from Texture Profile Analysis (TPA) using Texture 
Analyzer (Model LRX 5K, Lloyd Instrument, UK). A single cooked rice noodle strand with 
length of 5 cm was placed on a plexiglass plate and compressed twice with cylindrical probe 
(diameter 2 cm) at a distance of 75% of the thickness. From the typical TPA curve, hardness 
(N) was calculated and reported.   
 Ten panelists were asked to evaluate sensory attributes of stir fry rice noodle with 
dried shrimp and spicy sauce. Trained panelists were both male and female with age between 
24-35 years. The sample was reheated by microwave oven (Model R-237, 800 watt, SHARP, 
Japan) for 5 min. To serve panelists, cooked rice noodle was mixed with spicy sauce and 
dried shrimp. Hedonic 9-point scales were selected to evaluate appearance, cohesiveness, 
softness, color, taste and overall acceptability for cooked rice noodle. Sensory attributes in 
term of appearance, texture, color, taste, flavor and overall preference to treated Pad Thai 
were asked.  

To analyze statistically, the difference of means of quality parameters was analyzed 
using Statistical Packages for Social Sciences (SPSS version 9) with Duncan multiple range 
(DMRT) test. The significant difference of means was at 95% confidence level. 
 
3. Results & Discussion  

Radiation sensitivity : 

 Irradiation D-values for L. monocytogenes and E. coli in cooked rice noodle and in 
spicy sauce with dried shrimp under chilled condition (5±1oC) are shown in Table 1. D10 
value for L. monocytogenes was lower in cooked rice noodle. This might because spicy sauce 
had nutrients such as sugar, salt, tamarind juice and much available water to facilitate the 
growth and multiplication of bacteria whereas cooked rice noodle had only starch and water. 
D10 value for L. monocytogenes in spicy sauce with dried shrimp was relatively higher 
compared to ready-to-eat meat such as frankfurters, ham, roast beef, bologna, smoked turkey 
(0.42 to 0.44 kGy at 4 and 10oC) (Foong et al., 2004) and chicken (0.77 at 2-4oC) (Huhtanen 
et al., 1989).  
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D-value for E. coli was also lower in cooked rice noodle. Nature of substrate 
influenced radiation sensitivity of pathogens (Huhtanen et al., 1989; Thayer and Boyd, 1995; 
Andrew et al.,1995; Foong et al., 2004). D10 value for L. monocytogenes in spicy sauce with 
dried shrimp was also relatively higher compared to meat such as minced chicken (0.35-0.39 
kGy at 4°C), mechanically deboned chicken meat (0.28 and 0.44 kGy at 5 and -5°C) 
(Patterson, 1988), and ground beef (0.24 and 0.31 kGy at 2-5°C and -17°C) (Clavero et al., 
1994).   

Radiation can damage to microbial cell by destroy genetic materials and produce free 
radicals and other radiolytic products whose interaction with water can cause much more 
damage to cell (Thayer and Boyd, 1995). It was defined that Escherichia coli can adapt 
themselves to grow and multiply in the two media in this study quite well that made it more 
resistant than Escherichia coli 0157:H7 in ground beef at 2-5°C.   

 Compared between D10 values obtained by the two methods, those from LRA method 
were higher than those from TD method. It was suggested that TD method was appropriate to 
use when the low cell concentration of microorganism has been applied due to the skew in 
survival plots could make an error. However, in this study, initial cell concentration of 106 

cfu/g was inoculated so LRA method, resulted in higher D10 value, might be able to apply in 
this case. The higher value obtained from LRA was confirmed by Andrews et al. (1995).   

 

Pathogen survivals during storing Pad-Thai under chilled condition : 

No colony of contaminated E. coli was found in cooked rice noodle and spicy sauce 
with dried shrimp after irradiation at 3 or 4 kGy and storing 4 weeks under chilled condition 
(Table 2). It also happened for L. monocytogenes in spicy sauce with dried shrimp but injured 
L. monocytogenes in 3 kGy cooked rice noodle recovered at the 2nd week of storage.   

E. coli, the gram negative bacteria, was generally more susceptible to gamma 
irradiation than gram negative bacteria because of the composition of cell wall. Furthermore, 
irradiation has been reported to be an effective method for the control of E.coli 0157:H7 
(Thayer and Boyd, 1993). It was proved in this study that irradiation dose 3 kGy was 
sufficient to eliminate contaminated E. coli in the two components of Pad Thai stored under 
chilled condition.  

For L. monocytogenes, it was confirmed by Foong et al., (2004) who reported no 
survivors when 4 kGy was applied in ready-to-eat meat stored at 4 and 10°C for 12 weeks. 
When survivals of both pathogens were considered, dose of 4 kGy was recommended to 
ensure the safety of Pad Thai during storing under chilled condition. 
 
Table 1 Comparison of radiation D10 value for L. monocytogenes and E. coli in cooked rice 
noodle and spicy sauce with dried shrimp from Linear Regression Analysis method (LRA) 
and Total Dose method (TD) 
 

 
Type of microorganism 

 
Type of substrate 

 
LRA (kGy) 

 
TD (kGy) 

cooked rice noodle 0.27 0.27 Listeria monocytogenes 
spicy sauce with dried shrimp 0.69 0.67 

cooked rice noodle 0.49 0.47 Escherichia coli 
Spicy sauce with dried shrimp 0.68 0.64 
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Table 2 Survivors of pathogens in Pad-Thai after irradiated at 3 and 4 kGy and stored under 
chilled condition  
-------------------------------------------------------------------------------------------------------Samples
  Initial             Concentration after irradiated and stored under 5±1°C 
        Concentration             (cfu/g) 
   (cfu/g)  ---------------------------------------------------------------- 
        0 week      1 week      2 week    3 week    4 week 
Escherichia coli  
At dose 3 kGy      
Cooked rice noodle 2.25 x 106      <10           <10    <10       <10          <10   
Spicy sauce with 1.79 x 106      <10            <10    <10       <10          <10   
dried shrimp   
 
At dose 4 kGy  
Cooked rice noodle        2.25 x 106       <10            <10           <10        <10         <10   
Spicy sauce with  1.79 x 106       <10            <10      <10         <10        <10   
dried shrimp   
                           
Listeria monocytogenes 
 
At dose 3 kGy     
Cooked rice noodle  1.59 x 107          <10 <10        80          285           190     
Spicy sauce with 1.03 x 106          <10 <10       <10          <10       <10      
dried shrimp 
 
At dose 4 kGy  
Cooked rice noodle      1.59 x 107          <10 <10        <10         <10          <10 
Spicy sauce with          1.03 x 106          <10 <10        <10         <10          <10   
dried shrimp   
                         
 Shelf Life of Irradiated Pad-Thai Stored under Chilled Condition  

Quality of cooked rice noodle :   
 After irradiation at 3 and 4 kGy, moisture content of irradiated cooked rice noodle 
increased. It was confirmed by Lu et al., (1989) who found increase in moisture content of 
irradiated sweet potato and Sabularse et al. (1991) who reported modification of starch 
structure caused increase in water uptake during cooking of rice. During storing under chilled 
condition, moisture content of all samples decreased significantly around 2% (Table 3) due to 
diffusion of water vapor from food to storage environments.  

Lightness (L*) value of cooked rice noodle decreased after irradiation at 3 and 4 kGy. 
Likewise increase in yellowness (b* value) was observed. This was confirmed with 
Koomsanit (2002) who found changing of cooked rice color from white to yellow after 
exposing to radiation even at 1 kGy. Maillard reaction was cited to be a reason of rising of 
yellowness of rice products after irradiation (Wang et al., 1983). However, during storing 
under chilled condition, L* value of all samples tended to increase with time (Table 3) due to 
more opacity of rice noodles from reassociation and crystal formation of the amylopectin 
fraction in gelatinized starch (Mile et al., 1985). Whereas yellowness (b* value) slightly 
decreased with storage time for non-irradiated cooked rice noodle but it did not change 
significantly (p<0.05) in irradiated noodles. Retrogradation of starch in cooked rice noodle 
during chilled storage made opacity of the products and resulted in decrease in yellowness, 
however, irradiation cause initially more yellowness of noodle color so that the decrease was 
inconsiderably observed.      
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Lower hardness of cooked rice noodle was noticed after irradiation at 3 and 4 kGy. It 
was dose dependent. This might be due to breakdown of starch molecule induced by gamma 
irradiation. Furthermore it was observed together with increase in moisture content of cooked 
rice noodle after irradiation. Texture of irradiated cooked rice noodles was softer and looked 
slimy. When noodle samples were kept under chilled condition, hardness increased 
significantly (p<0.05) with storage time (Table 3). However, due to breakdown of starch 
molecule after irradiation, lower hardness of cooked rice noodle irradiated at 3 and 4 kGy was 
observed at the end of storage compared to non-irradiated sample. Harder texture of starch 
based products occurred during cold storage was explained by retrogradation (Lima and 
Singh, 1993).  

Quality of spicy sauce : 

After irradiation, lightness (L*) of spicy sauce decreased because of reflection from 
vegetable oil floating on sauce surface. Redness (a* value) decreased with gamma dose. 
Gamma irradiation may cause the degradation of the color pigments in spicy sauce. But, there 
was no significant change in yellowness (b* value) after irradiation. During chilled storage, 
the redness value (a* value) gradually decreased in non-irradiated sauce but more decrease in 
irradiated sauce (Table 3).  

 After irradiation, there was an increase of pH due to the radiolysis of water in the 
product. Continually the pH of spicy sauce significantly increased (p<0.05) during storage 
either non-irradiated sample or irradiated sample (Table 3). The increase of pH was 
distinctively noticed especially in high dose irradiation. Sauce composed of water, tamarind 
juice, sugar, salt, acetic acid and paprika oleoresin color. The majority of the components like 
water might change by radiolysis induced by gamma irradiation (Molins, 2001). The 
consequences of radiolysis reaction are free radicals, which then react to other food molecules 
and become radiolytic products. The highly reactive entities formed can evaporate rapidly 
during irradiation treatment. Consequently, the concentration of solutes in spicy sauce was 
increased and resulted in a little bit salty taste. Thus increase in pH during storage might be 
due to sauce became more concentrate after irradiation and during storage.   

Quality of dried shrimp : 

After irradiation, lightness (L* value) of dried shrimp increased but redness (a* value) 
decreased. This was confirmed by Adulpichit (2000). Irradiation might cause the degradation 
of the main pigment (astaxanthin) in dried shrimp. Astaxanthin comprises of terpenoid which 
provides yellow, orange and red color of the products so oxidation of astaxanthin by gamma 
irradiation induced paler color of dried shrimp. Redness (a*) continually decreased during 
chilled storage (Table 3). Sauce and dried shrimp was packed in abundance of oxygen so 
oxidation of astaxanthin possibly occurred resulting in discoloration of dried shrimp.             
 
Microbial quality of irradiated Pad-Thai : 

When irradiation was applied, it was expected to extend shelf life from 5-7 days for 
normal chilled prepared meals to 4 weeks. From Table 4, samples were not risky to spoil 
because cooked rice noodle and spicy sauce with dried shrimp was separately packed. 
Likewise less microbial load was in cooked rice noodle, which was boiled for 5 minutes, and 
in dried shrimp, which was blanched in hot water before packing, and also in spicy sauce, 
which had low pH. However, under chilled storage, microbial favored to grow in cooked rice 
noodle as observed in more microbial counts in irradiated and non-irradiated sample (1.3 to 
6.2 log cfu/g) at the end of storage compared to spicy sauce (<1 to 2.3 log cfu/g). This might 
because of spicy sauce had low pH that can inhibit the growth of bacteria. With irradiation, 
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less microbial counts was noticed in both components especially at high gamma dose. Based 
on criteria for food spoilage at 7 log cfu/g, Pad Thai irradiated at 4 kGy had shelf life much 
longer than 4 weeks.      

Table 3 Qualities of non-irradiated and irradiated Pad Thai (cooked rice noodle, spicy sauce, 
and dried shrimp) during storing under chilled condition 
 

Irradiation dose (kGy) Components 
In  

Pad Thai 

Quality  
Attributes 

Storage 
Time  
(wks) 

0 3 4 

1 68.47 + 0.28aa 69.10 + 0.17a 69.59 + 0.39a 
2 68.28 + 0.40a 68.67 + 0.29ab 68.84 + 0.04b 
3 67.24 + 0.08b 68.41 + 0.04b 68.31 +0.50b 

Moisture content 
(%wb) 

4 66.51 + 0.34c 67.39 + 0.51c 67.37 + 0.12c 

1 72.53 + 0.08b 70.20 + 0.09a 69.43 + 0.08b 
2 72.59 + 0.06b 70.52 + 0.04b 69.38 + 0.07b 
3 72.64 + 0.05b 70.62 + 0.03b 69.22 + 0.09a 

Lightness (L*) 

4 72.80 + 0.12a 70.82 + 0.07c 69.78 + 0.07c 

1 7.82 + 0.07a 9.07 + 0.17a        9.67 + 0.20a   
2 7.72 + 0.17ab      9.15 + 0.19a        9.69 + 0.05a 
3 7.57 + 0.07b        9.21 + 0.05a        9.82 + 0.28a 

Yellowness (b*) 

4 7.34 + 0.10c 9.24 + 0.33a        9.83 + 0.29a 
1 40.44 + 0.14a 36.64 + 2.01a 33.30 + 0.58a 

2 44.36 + 3.09b 39.88 + 1.36b 37.72 + 2.64b 

3 45.71 + 0.58bc 41.94 + 2.43bc 39.66 + 1.13b 

Cooked 
Rice  

Noodle 

Hardness (N) 

4 48.31 + 0.79c 44.78 + 1.35c 40.63 + 2.16b 

1 4.10 + 0.10a 3.36 + 0.02a 3.19 + 0.07a 
2 3.23 + 0.06b 2.82 + 0.02b 2.44 + 0.07b 
3 2.86 + 0.03c 2.29 + 0.09c 2.37 + 0.12b 

Redness (a*) 

4 2.59 + 0.01d 2.02 + 0.09d 1.83 + 0.01c 
1 4.55 + 0.01a 4.82 + 0.01a 4.86 + 0.01a 
2 5.26 + 0.00b 5.33 + 0.01b 5.41 + 0.01b 
3 5.21 + 0.01c 5.54 + 0.01c 5.72 + 0.01c 

Spicy Sauce 

pH 

4 5.44 + 0.02d 5.69 + 0.00d 5.76 + 0.01d 
1 43.57 + 0.05a 43.48 + 0.06a 45.74 + 0.09a 
2 40.26 + 0.07b 41.44 + 0.02b 44.05 + 0.04b 
3 41.02 + 0.05c 41.05 + 0.05c 39.17 + 0.02c 

Lightness (L*) 

4 41.25 + 0.03d 41.55 + 0.03d 41.41 + 0.05d 
1 21.96 + 0.07a 18.76 + 0.09a 17.01 + 0.05a 
2 18.27 + 0.06b 17.63 + 0.04b 16.92 + 0.04b 
3 19.06 + 0.06c 17.06 + 0.05c 16.63 + 0.04c 

Dried 
shrimp 

Redness (a*) 

4 18.45 + 0.03d 15.26 + 0.02d 15.95 + 0.04d 
a Means for each characteristic followed by the same letter in each sample during 1- 4 weeks of 
storage are not significantly different at P< 0.05 by L SD test   
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Table 4 Total plate counts of non-irradiated and irradiated cooked rice noodle, dried shrimp 
and spicy sauce during storing under chilled condition 
 

Population Density (log cfu/g) 
Storage time (wks) 

Components 
 

Irradiation  
Dose 
(kGy) 0 1 2 3 4 

0 1.81 2.26 3.95 5.10 6.15 
3 1.00 1.18 1.88 3.84 4.30 

Cooked rice 
noodle 

4 <1.00 1.00 1.00 1.18 1.30 
0 1.00 1.40 1.74 2.10 2.29 
3 1.00 1.00 1.18 1.30 1.48 

Spicy sauce 
with dried 

shrimp 4 <1.00 <1.00 <1.00 <1.00 <1.00 

Sensory quality of irradiated Pad-Thai : 

To serve in sensory test, cooked rice noodle was mixed with the spicy sauce and dried 
shrimp. From Table 5, after irradiation, panelists preferred non-irradiated more than irradiated 
Pad-Thai. Among samples, irradiated Pad-Thai at 4 kGy had lower overall acceptability score 
at the early period of storage (1-2 week). Panelists commented that irradiated Pad Thai looked 
slimy and the texture was too soft. Moreover, the flavor of 4 kGy sample seemed to be more 
salty than non-irradiated and lower dose irradiated noodle. However, at 3 weeks of storage, 
overall acceptability of irradiated Pad Thai at 4 kGy was better and comparable to other 
samples. This was consistent with increase in hardness of cooked rice noodle during storage 
determined by objective method.       

Table 5 Sensory quality of non-irradiated and irradiated Pad Thai during storing under chilled 
condition  
 

Sensory scores Irradiation 
Dose 
(kGy) 

Storage 
Time 
(wks) 

Appearance Texture Color Taste Flavor Overall 
preference 

1 7.2aa 6.2a 6.7ab 6.4b 6.4a 6.8a 

2 7.0a 6.6a 6.3a 5.6a 5.9a 6.2ab 

3 7.5a 6.0a 7.2b 6.1ab 6.5a 6.2ab 

0 kGy 

4 6.7a 6.0a 6.1a 5.4a 5.6a 5.7b 
1 7.0b 6.4a 6.6b 6.6a 6.4b 6.5a 
2 6.1a 6.6a 5.4a 5.3a 5.3a 6.2a 
3 7.1b 7.2a 6.4b 6.0a 5.6ab 6.2a 

3 kGy 

4 6.6ab 7.3a 6.0ab 5.6a 5.2a 6.7a 
1 6.6ab 5.7a 6.6a 5.6a 5.4a 5.7ab 
2 5.7a 5.6a 5.8a 5.4a 5.7a 5.4a 
3 7.0b 6.9b 6.1a 6.1a 6.0a 6.4b 

4 kGy 

4 6.5ab 7.2b 6.0a 6.0a 6.1a 6.4a 
a Means for each characteristic followed by the same letter in each sample during 1- 4 weeks of 
storage are not significantly different at P< 0.05 by LSD test   
 
4. Conclusion 
 Irradiation at 3 kGy was not enough to eliminate entire Listeria monocytogenes 
showing in recovery at 2 weeks during chilled storage. Therefore, dose of 4 kGy was 
recommended because product was free from pathogens, safe from microbial spoilage and 
acceptable sensory quality. After irradiation at 4 kGy, shelf life of Pad Thai could be extended 
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to more than 4 weeks when storing under chilled condition compared to normal chilled ready 
meal, which has shelf life 5-7 days.      
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