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ABSTRACT 
   Fifteen prepackaged mixed vegetables salad samples were collected from 
different local supermarkets. They were tested for their microbiological quality. 
TAPC of mix salad samples ranged from 2.5×105 to 7.0×107 cfu/g; LAB between 
2.0×103 and 7.1×106 cfu/g; M&Y ranged from 1.3×102 to 4.5×103 cfu/g. All tested 
mix salad samples contained coliform bacteria, E. coli and Ent. Faecalis. Staph. 
aureus was found in 12 (80%) samples, while A. hydrophila was found in all mix 
salad samples. L. monocytogenes was present in only two samples and Salmonella 
spp. was detected in only one sample.  
Mix salad samples were irradiated at 1, 2 and 3 kGy, and then stored at 
refrigeration temperature (4°C ± 1). Generally, all irradiation doses used reduced 
the initial TAPC, LAB and TM&Y and the reduction was proportional with 
irradiation dose. The optimum irradiation dose for irradiating mix salad was 
identified to be 3 kGy as no pathogens were detected in mix salad samples exposed 
to this irradiation dose. This irradiation dose had no adverse effect on physical and 
sensorial quality attributes of mix salad and extended its shelf-life to 15 days 
against only 7 days for unirradiated samples. 
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INTRODUCTION 
 

In recent years, because of health interest and renewed diet trends, leafy vegetables and mix 
salads are gaining increasing importance in human diet. For weight conscious persons also, mix 
salads are very beneficial owing to their high vitamin and fiber contents (1). Mixed vegetables 
salads are considered the most important and widely produced minimally processed vegetables in 
Egypt. It sold in many local supermarkets and used as ready-to-eat fresh produce. 

 
Mix vegetables salad had higher microbial counts than raw vegetables from which they are 

made. This is because of microbial contamination during processing steps which involve peeling, 
cutting slicing as well as handling and packaging (2). These steps also expose plant tissues of 
vegetables to possible contamination by human pathogens. Since, mix salad are consumed as it is 
without further washing or cooking, contamination by foodborne pathogens is of particular health 
risk (3). Several recent outbreaks of food borne illness have been associated with the consumption 
of minimally processed vegetables contaminated with human pathogens(4). 

 

   Ionizing radiation is well known as the best method to reduce spoilage microorganisms 
and to eliminate pathogenic bacteria without compromising the nutritional properties or 
sensory quality of foods and its use has been gradually increased world wide(5). In Egypt, there 
is no available data on the microbiological quality and incidence of pathogens in mixed 
vegetables salad that has been increasingly sold in local supermarkets. Therefore, the main 
objectives of this study are to evaluate the microbiological quality of prepackaged mixed 



vegetables salad, isolate and identify pathogenic bacteria that contaminate this fresh produce. 
Investigate the effect of irradiation doses on the quality properties of such products during 
refrigerated storage.  

 

MATERIALS AND METHODS 

 

Collection of survey samples 

 

Fifteen retail packages (each package contained approx. 400 g) of commercially mixed 
vegetables salad were collected from different supermarkets at Cairo. These samples were 
transported to the laboratory in an ice-box and analyzed immediately after delivery. All these 
samples were tested for their microbiological quality. 

 

Irradiation 

 

Sixty packages of commercially mixed vegetable salad were purchased (at the same day of 
receiving) from a local supermarket at great Cairo and used for irradiation and storage. Mixed 
vegetables salad samples were subjected to 0, 1, 2 and 3 kGy. Irradiation treatments were 
performed at the National Center for Radiation Research and Technology (NCRRT), Nasr 
City, Cairo, Egypt. The irradiation facility used was Russian CO60 Irradiator model ISS 
LEDOVATED. The dose rate of this source was 5.45 kGy/h. All irradiated and non irradiated 
package samples were stored at 4°C±1, for the length of study. 

 

Methods of analysis 
    

All analysis was carried out on three packages (3 samples), each sampling day. Thus, each 
figure in the results was expressed as the average of the three replicates.  
 
Microbiological analysis 
 

Total aerobic bacterial counts (TAPC) were plated on plate count agar medium, while lactic 
acid bacteria (LAB) were counted on Man, Rogosa and Sharp (MRS) agar medium according 
to(6). Total mould and yeast counts were counted on Czapek′s-Dox yeast extract agar medium 
according to(7). E. coli was counted on MacConkey broth by Most Probable Number (MPN) 
technique using three test tubes with Durham′s tubes according to(8). Enterococcus faecalis was 
enumerated on Kanamycin aesculine azid agar medium using plate surface spreading technique 
according to(9). Staphylococcus aureus was counted on Baird-Parker medium using plate surface 
spreading technique according to(10). Aeromonas hydrohila was counted on starch ampicillin agar 
medium using plate surface spreading technique according to(11). Listeria monocytogenes were 
plated on Listeria selective agar medium (Oxford formulation) using plate surface spreading 
technique. Salmonella was detected according to ISO 6579:1993(12).  
 
Chemical analysis  
 



Amino acid determination was performed according to the method of(13). The system used for 
the analysis was High Performance Amino acid Analyzer, Biochom 20, Pharmacia Biotech at the 
NCRRT. Ascorbic acid (Vitamin C) was determined using 2, 6 dichlorophenol indophenol 
reagent according to the method described by(14). 
 
Sensory evaluation  

 
   Sensory quality attributes of the unirradiated and irradiated stored samples were evaluated by 
ten untrained panelists (members of the National Center for Radiation Research and Technology, 
NCRRT). The sensory quality attributes were scored on a scale of 1 to 9 where: 1 = very poor, 5 
= fair and 9 = excellent(15). Recently purchased samples on the same time of sampling were used 
as reference control every sampling day. A score of 4 or below was regarded as unacceptable and 
taken to indicate the end of shelf-life.  
 
Statistical analysis  

 
Data were statistically analyzed using statistical package for social science (SPSS, Chicago, 

IL) software (Version 12) by Two Way Analysis of Variance, where the variables were the 
irradiation dose and storage period according to Scheffé test(16). Significance of differences was 
represented as  
P< 0.05. 
 
RESULTS AND DISCUSSION 
 
Microbiological quality of collected mixed vegetables salad samples 

 
Table (1) shows that total aerobic bacterial counts (TAPC) of mixed vegetables salad ranged 

from 2.5×105 to 7.0×107 cfu/g. These results indicate that mixed vegetables salad samples 
exhibited large variation in microbiological load and these samples had high levels of aerobic 
mesophilic bacteria. Similar results have obtained by other investigators (17).  
 
Table (1): Microbiological quality (cfu/g) of mixed vegetables salad. 
 

Microbial load Pathogenic microorganisms 
Sample  

No. TAPC LAB TM & Y *E. coli Ent. fec.
Staph. 
aur. 

Aero. 
hyd. 

Lis. 
mono. 

Salm.

1 6.0×106 3.0×106 5.0×102 23 2.3×104 <100 3.0×103 <100 - 
2 9.0×106 7.1×106 1.3×102 15 8.0×103 5.0×102 2.3×102 <100 - 
3 4.0×106 2.0×106 2.0×103 43 3.3×104 <100 3.0×103 <100 - 
4 3.0×106 2.4×106 3.0×103 15 1.8×104 1.0×102 6.0×103 <100 - 
5 8.0×105 5.0×105 2.0×103 9 2.4×104 3.0×103 1.7×102 <100 - 
6 2.0×107 2.0×105 6.0×102 >2400 1.5×102 1.5×103 2.5×103 <100 - 
7 1.4×107 3.2×105 4.0×102 >2400 3.0×103 9.0×104 1.0×103 7.0×102 + ve 
8 6.0×106 1.4×106 3.5×103 >2400 3.0×102 <100 3.0×103 <100 - 
9 7.0×107 5.0×106 3.0×102 43 5.0×102 3.0×103 6.0×103 2.0×102 - 



10 4.3×106 2.1×106 2.3×102 43 2.0×103 2.5×103 5.0×103 <100 - 
11 3.9×105 5.5×106 4.5×103 4 1.0×103 2.2×104 1.0×103 <100 - 
12 5.3×105 4.1×105 3.0×103 4 6.0×103 5.0×104 2.0×103 <100 - 
13 2.5×105 5.0×104 3.0×103 93 2.0×103 2.0×103 2.5×102 <100 - 
14 3.0×106 3.0×103 3.0×102 4 2.5×102 3.0×103 3.0×102 <100 - 
15 6.0×105 2.0×103 3.0×103 4 3.0×103 2.5×102 1.0×103 <100 - 

*   = MPN/g    - = Not detected in 25 g     + ve = present in 25 g     < 100 = Below 
detectable level 
   

Although, there is no legislation in Egypt for microbial counts of backed salad, French 
legislation specifies a maximum of 5.0×105 cfu/g at production and 5.0×107 at the use-by date(18). 
Using these criteria, only 3 (20%) mixed vegetables salad samples under investigation were less 
than the maximum counts at production and 12 (80%) samples were within the maximum counts 
at use-by date (Table 1). The average counts of LAB were 2.0×103 to 7.1×106 cfu/g and of total 
mould and yeast counts ranged from 1.3×102 to 4.5×103 cfu/g. E. coli  was detected in all mixed 
vegetables salad samples examined. Enterococcus faecalis was found in all mixed vegetables 
salad samples examined in considerable counts ranging from 1.5×102 to 3.3×104 cfu/g, indicating 
non-sanitary conditions during processing and marketing. Staphylococcus aureus was detected in 
12 (80%) samples examined and was present at 1.0×102 to 9.0×104 cfu/g. Aeromonas hyrophila 
was found in all examined mixed vegetables salad samples and was present at 1.7×102 to 6.0×103 

cfu/g. Listeria monocytogenes was detected in only two mixed vegetables salad samples and was 
present at 2.0×102 to 7.0×102 cfu/g.  Salmonella sp. was detected in only one sample of the 
examined mixed vegetables salad samples. The U.S. Food and Drug Administration survey of 
domestic fresh produce carried out between 2000 and 2001(19) reported a small proportion (< 1%) 
of salad vegetables samples that of unacceptable microbiological quality because of the presence 
of Salmonella or Shigella spp. The findings of this small survey in the present study and other 
literature reports indicate the importance and need for a suitable method to control microbial 
contamination and growth in ready-to-eat mixed vegetables salads to avoid the microbiological 
adverse effect on the sensory quality and safety. 
 
Effect of irradiation on the microbial load of mixed vegetables salads 
  

Table (2) show that the average initial TAPC, LAB and TM & Y in unirradiated (control) 
samples were 5.9×105, 1.8×104 and 1.1×104 cfu/g, respectively.  

 
Irradiation reduced initial TAPC, LAB and TM & Y in a dose dependant manner. The highest 

irradiation dose used (3 kGy) reduced these counts by 99.93, 99.44 and 99.91%, respectively. 
Several other investigators found great reduction in TAPC upon irradiation of salad vegetables (20-

21).  
 
Table (2): Effect of irradiation on the microbial load (cfu/g) of mixed vegetables salad 

during refrigerated storage.  
 

Irradiation dose (kGy) 
Microorganisms 

Storage 
period 
(days) Control 1 2 3  

Total aerobic 
bacterial count  

(TAPC) 

0 
4 
7 

5.9×105 
3.9×106 
*5.6×107 

6.8×104 
4.0×104 
4.0×105 

6.2×103 
2.0×103 
2.0×104 

4.3×101 
9.0×101 
1.0×102 



12 
15 

R 
R 

3.0×106  
R 

7.0×105 
R 

3.1×102 
1.1×105 

Lactic acid bacteria 
(LAB) 

0 
4 
7 
12 
15 

1.8×104 
7.9×104 
1.5×107 

R 
R 

2.0×102 
7.0×102 
5.0×103 
5.0×103  

R 

3.0×101 
5.0×101 
7.2×101 
2.0×103 

R 

1.0×101 
3.0×101 
5.5×101 
8.0×102 
8.9×103 

Total mould and 
yeast (TM&Y) 

0 
4 
7 
12 
15 

1.1×104 
4.4×104 
1.5×105 

R 
R 

1.1×102 
2.0×102 
5.1×102 
7.0×102 

R 

2.0×101 
2.0×101 
7.0×101 
9.0×101 

R 

1.0×101 
1.0×101 

<10 
<10 
<10 

R = Samples sensorially rejected and therefore could not be used for the rest of the 
storage period.                    * = Microbiologically and sensorially rejected 

 
During refrigeration storage (4°±1) of mixed vegetables samples, TAPC, LAB and TM & Y 

increased in all samples. However, the rate of increase was lower in irradiated samples. After one 
week of storage, TAPC, LAB and TM & Y of unirradiated samples reached 5.6×107, 1.5×107 and 
1.5×105 cfu/g, respectively which were more than the accepted level. Meanwhile, TAPC of mixed 
vegetables salad samples exposed to 1,2 and 3 kGy slowly increased to reach 4.0×105, 2.0×104 
and 1.0×102 cfu/g during one week storage. Irradiated samples at the highest dose (3 kGy) 
contained TAPC and LAB less than the initial count after 15 days of refrigeration storage, being 
1.1×105 and 8.9×103 cfu/g, respectively. No yeast or mould growth was observed in the 3 kGy 
irradiated samples upon refrigeration storage, indicating that these microorganisms which injured 
by irradiation were not able to repair themselves. 
 

Effect of irradiation on the pathogenic bacteria of mixed vegetables salads  
 

Staphylococcus aureus, E. coil, Aeromonas hydrophila and Ent. faecalis were found in 
unirradiated mixed vegetables salad samples (Table 3). Irradiation dose of only 1 kGy was 
sufficient for elimination of E. coli and A. hydrophila, while irradiation dose of 3 kGy was very 
effective in complete elimination of Staph. Aureus and Ent. faecalis naturally contaminating 
mixed vegetables salad samples. 

 
Samples receiving 3 kGy were free from these pathogenic throughout their storage periods 

(Table 3). This irradiation dose can be used to improve the microbiological quality and to ensure 
safety of mixed vegetables salad that ready-to-eat.  
 

   On the other hand, L. monocytogenes and Salmonella spp. were not detected in any of mixed 
vegetable salad samples either irradiated or not throughout their refrigerated storage periods. 
 
Table (3): Effect of irradiation on the pathogenic bacteria (cfu/g) of mixed vegetables salad 

during refrigerated storage. 
 

Irradiation dose (kGy) Microorganisms Storage period 
(days) Control 1 2 3 

Staph. aureus 

0 
4 
7 
12 

3.3×102 
3.0×102 
<100 R 

R 

2.0×102 
1.0×102 
1.0×102 

<100 

2.2×102 
1.0×102 

<100 
<100 

<100 
<100 
<100 
<100 



15 R R R <100 

E. coli  
(MPN/g) 

0 
4 
7 
12 
15 

93 
150 

210 R  
R 
R 

<3 
<3 
<3 
<3  
R 

<3 
<3 
<3 
<3  
R 

<3 
<3 
<3 
<3 
<3 

A. hydrophila 

0 
4 
7 
12 
15 

2.3×102 
2.0×102 
<100 R  

R 
R 

<100 
<100 
<100 
<100 

R 

<100 
<100 
<100 
<100  

R 

<100 
<100 
<100 
<100 
<100 

Ent. faecalis 
(cfu/g) 

0 
4 
7 
12 
15 

2.7×103 
5.0×102 
<100 R 

R 
R 

2.5×102 
2.9×102 

<100 
<100 

R 

1.7×102 
3.1×102 
1.1×102 

<100  
R 

<100 
<100 
<100 
<100 
<100 

L. monocytogenes 

0 
4 
7 
12 
15 

<100 
<100 

<100 R 
R 
R 

<100 
<100 
<100 
<100 

R 

<100 
<100 
<100 
<100 

R 

<100 
<100 
<100 
<100 
<100 

Salmonella spp. 

0 
4 
7 
12 
15 

- 
- 

- R 
R 
R 

- 
- 
- 
- 
R 

- 
- 
- 
- 
R 

- 
- 
- 
- 
- 

R = Samples sensorially rejected and therefore could not be used for the rest of the 
storage period 

- = Not present                             < 100 = Below detectable level 
Effect of irradiation on the amino acids content of mixed vegetables salads 
 

Table (4) shows amino acids profile of mixed vegetables salad and their changes as a result of 
irradiation with the recommended irradiation dose, i.e. 3 kGy.  

 
Irradiation at 3 kGy caused a decrease in all amino acids at different levels, except lysine 

which was increased as a result of irradiation. However, the percentage of decrease in total amino 
acids did not exceed 11.3%. The decrease in amino acids upon irradiation could be explained by 
splitting of peptide bonds and deamination-decarbpxylation of some amino acids as a result of the 
free radicals which formed upon water radiolysis(22).  
 
Table (4): Effect of recommended irradiation dose on amino acids profile (mg/g sample on 

dry weight basis) of mixed vegetables salad. 
 

Amino acid Control 3 kGy Amino acid Control 3 kGy 
Aspartic 3.14 2.82 Leucine* 1.65 1.49 
Threonine* 1.19 1.09 Tyrosine 0.38 0.33 



Serine 1.24 1.17 Phenyalanine* 1.14 1.01 
Glutamic 5.16 4.97 Histidine* 0.65 0.53 
Proline 6.38 5.26 Lysine * 1.07 1.19 
Glycine 1.16 1.04 Arginine 1.04 0.54 
Alanine 1.97 1.72 Total EAA  8.22 7.61 
Cystine 0.00 0.0 Total non- EAA 20.47 17.85 
Valine* 1.39 1.28 Total amino acid  28.69 25.46 
Methionine* 0.14 0.11 EAA/NEAA 0.40 0.43 
Isoleucine* 0.99 0.91    

* Essential amino acid (Baxter, 1996). 
 
Effect of irradiation on the ascorbic acid of mixed vegetables salads  
 

   It is clear that irradiation doses of 1 kGy decreased ascorbic acid (vit. C) content but this 
decrease was not significant (Table 5). Irradiation dose of 2 and 3 kGy significantly decreased 
ascorbic acid content by 7.9 and 12.2 %, respectively. This decrease in ascorbic acid could be 
attributed to oxidation of ascorbic acid to dehydroascorbic acid (DHAA) as a result of irradiation. 
Ionizing radiation can cause a partial conversion of ascorbic acid (AA) to dehydroascorbic acid 
(DHAA) as reported by(23) 

 
Table (5): Effect of irradiation on the ascorbic acid content (mg/100g) of mixed vegetables 

salad during refrigerated storage. 
 

Irradiation dose (kGy) 
Storage 
Period (days) Control 1 2 3 

0 
4 
7 

12 
15 

19.93 ±0.195l 
16.67 ±0.195hi 
15.40 ±0.195ef 

0 ±0.00a 
0 ±0.00a 

19.25 ±0.195kl 
16.50 ±0.195gh 
15.25 ±0.389efg 
13.11 ±0.195cd 

0 ±0.00a 

18.35 ±0.195jk 
15.87 ±0.195fgh 
14.67 ±0.195e 
13.22 ±0.195cd 
12.50 ±0.195c 

17.50 ±0.195ij 
14.67 ±0.195e 
13.50 ±0.195d 
12.60 ±0.195cd 
10.87 ±0.195b 

R = Samples sensorially rejected and therefore could not be used for the rest of the 
storage period 

Mean scores of three replicates ± standard deviation. 
Means with different superscripts (a-l) are significantly different (P<0.05). 

 
Effect of irradiation on the sensory evaluation of mixed vegetables salad 
 

It is clear that all irradiation doses used (1, 2 and 3 kGy) had no significant effect on the 
tested sensory quality attributes (Table 6). Similar results have been shown with the main 
vegetable components of salad(20).  
 

As a refrigeration storage period increased, panelists gave lower scores for sensory parameters 
(appearance, odour and taste) of all mixed vegetables salad samples. However, irradiated samples 
had higher sensory scores upon storage time in comparison with unirradiated ones. At day 7, the 
appearance and taste scores of unirradiated samples decreased from 8.4 and 8.6 to 3.8 and 4.0, 
respectively indicating that these samples were sensorially rejected. The shelf life of these 
samples was 7 days from the viewpoint of sensory scores. The shelf life of ready-to-eat salad 
varies between 7 and 14 days depending on type of vegetables was reported (24). 
 



Table (6): Effect of irradiation on the sensory evaluation of irradiated mixed vegetables 
salad during refrigerated storage.  

 

Irradiation dose (kGy) 
Parameters 

Storage 
period 
(days) Control 1 2 3 

Appearance 

0 
4 
7 
12 
15 

8.4 ±0.394i 
6.5 ±0.0.577efg

3.8 ± 0.675bc R
0 ±0.00a 
0 ±0.00a 

8.2 ±0.349hi 
7.0 ±0.707fg 
5.9 ±0.658def 

4.8  ±0.538cd R
0 ±0.00a 

8.3 ±0.538hi 
7.8 ±0.753ghi 
6.5 ±0.624efg 
5.1 ±0.658cd 

3.0 ±0.667b R 

8.2 ±0.258hi 
7.5 ±0.745ghi 
6.8 ±0.538fg 
5.8 ±0.538def 
5.3 ±0.715de 

Odour 

0 
4 
7 
12 
15 

8.2 ±0.537i 
6.2 ±0.675efg 

4.4  ±0.699bcd R
0 ±0.00a 
0 ±0.00a 

8.2 ±0.258i 
6.7 ±0.675fgh 
5.8 ±0.735defg 
4.0 ±0.745bc R

0 ±0.00a 

8.0 ±0.624hi 
7.2 ±0.675ghi 
6.5 ±0.745fg 

5.3 ±0.587cdef 
3.7 ±0.632b R 

8.0 ±0.471hi 
7.2 ±0.632ghi 
6.5 ±0.745fg 
5.6 ±0.809def 
5.0 ±0.527bcde 

Taste 

0 
4 
7 
12 
15 

8.6 ±0.394j 
6.0 ±0.527def 

4.0 ±0.623bc R
0 ±0.00a 
0 ±0.00a 

8.4 ±0.394ij 
6.5 ±0.577efgh 
5.6 ±0.459de 

4.0 ±0.408bc R
 0 ±0.00a 

8.6 ±0.316j 
7.6 ±0.658hij 
6.3 ±0.421efg 
5.0 ±0.667cd 

3.6 ±0.394b R 

8.2 ±0.483ij 
7.4 ±0.658ghi 
6.8 ±0.421fgh 
5.8 ±0.537def 
5.0 ±408cd 

R = Samples sensorially rejected and therefore could not be used for the rest of the 
storage period 

Mean scores of 10 panelists ± standard deviation. 
Means with different superscripts (a-j) are significantly different (P <0.05). 
 
The rejection based mainly on wilting of lettuce and cabbage leaf (the main components of 

salad), off-odour and acidulous taste. Thus, control samples could not be analyzed for the rest of 
study.  
The development of off-odour starts at day 10 and are a common problem in commercial salad 
products (17).  

 
The panelist scores for odour and taste of mixed vegetables salad samples irradiated at 1 kGy 

decreased to lower than the acceptable level at day 12, where they became unacceptable and were 
rejected. The mean sensory scores of the samples exposed to 3 kGy still acceptable up to 15 days 
of cold storage. It is clear that commercially packaged vegetables salad exposed to 3 kGy had a 
marketable shelf-life of 15 days at refrigeration storage.  
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