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ABSTRACT 
This study was conducted to evaluate the coliform contaminants and the presence of heavy metals on tuber and non 

– tuber vegetables. The vegetables such as potato (Solanum tuberosum), Carrot (Ducus carrota), Radish (Raphanus 

sativus), Tomato (Solanum lycopersicum), Cabbage (Brassica oleracea var capitates), Cauliflower (Brassica 

oleracea), Ginger (Zingier officinal), Yam (Diosorea rotundata), Onion (Allium cepa) and Beet root (Beeta 

vulgaris) were collected from supermarkets and greengrocer’s shops in Mannargudi. The total bacteria and coliform 

bacteria were enumerated and isolated on Tryptone Soya Agar and Violet Red Bile Agar Media respectively. Total 

bacterial count in these vegetables in the order such as beet root > tomato> radish> onion> cauliflower> yam> 

potato> cabbage> ginger >carrot and coliform count in these vegetables in the order such as beet root> carrot> 

potato> tomato> onion> cabbage> cauliflower> yam> radish> ginger. The isolated organisms subjected to antibiotic 

sensitivity against 3 different antibiotics such as ampicillin, tetracycline and amoxicillin. E.coli showed maximum 

susceptible against antibiotics followed by Salmonella, Shigella and Klebsiella. Heavy metals such as Fe, Cu, Mn 

and Zn were analysed by Atomic Absorption Spectrophotometer. In all the ten vegetables heavy metals were in the 

order of Zn>Cu>Fe>Mn. 
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INTRODUCTION 

Vegetables are Staple part of human meal taken as 

food, in raw or cooked forms. Vegetable constitute an 

important part of the human diet since they contain 

carbohydrates, proteins, minerals, vitamins, 

phytochemicals and fibers
1
.In recent years, the 

consumption of fresh vegetables has been increasing 

as consumers strive to healthy diets and availability 

of these produce. Fresh vegetables normally carry 

non-pathogenic epiphytic microorganisms. But 

during growth, harvest, transportation and further 

handling they produce can be contaminated with 

pathogens from animal and human sources. As most 

of these produce are eating without further 

processing, their microbial content may represent a 

risk factor for the consumer’s health and therefore a 

food safety problem
5
. 

 

Wide spread contamination of ground water makes 

vegetables heavily loaded with large population of 

microorganisms. Contamination can also arise as a 

consequence of treating soil with organic fertilizers, 

such as sewage sludge and manure. Since the early 

1990s, awareness of the potential of fresh vegetables 

to cause food borne disease has increased, and 

reported outbreaks associated with consumption of 

fresh vegetables have grown steadily. Most of the 

reported outbreaks of gastrointestinal disease linked 

to the fresh produce have been associated with 

bacterial contamination, particularly with the 

coliforms
9
. 

 

Coliforms are the members of the family 

Enterobacteriaciae which includes E.coli, 

Enterobacter aerogenes, Salmonella and Klebsiella. 

These intestinal bacteria present in vegetables, if 

entered into human system they cause serious 

problems. 

 

http://www.ijiit.net/
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In addition, the presence of antibiotic resistance both 

in normal flora and pathogenic microorganisms in 

fresh vegetables may contribute to horizontal 

spreading of resistance between different isolates, 

species and genera. The presence of resistant genes 

on transferable elements facilitates distribution of 

resistance and the widespread use of antibiotics 

allows direct selection or co-selection of resistance
7
. 

 

Vegetables also contaminated with the heavy metals. 

The term heavy metals refer to any metallic elements 

that are Iron, Cadmium, Arsenic, Magnesium, Zinc, 

Lead, Chromium, Nickel etc. Heavy metals are 

largely found in disperse form in rock formation. 

Rapid industrialization and metal prospecting has 

increased their levels in aquatic and soil ecosystem. 

Heavy metals being immobile get accumulated in the 

soil and vagetables
4
. The absorption and 

accumulation of heavy metals in the vegetables are 

influenced by many factors, including the 

concentration of heavy metals in soil, composition 

and intensity of atmospheric deposition, including 

precipitations and phase of plant vegetation
14

.  

 

Vegetables take up heavy metals and accumulate 

them in their edible and inedible parts in quantities 

high enough to cause clinical problems both to 

human beings and animals consuming these metal-

rich plants
3
.A number of serious health problems can 

develop because excessive  uptake of dietary heavy 

metals. Furthermore, the consumption of heavy 

metal-contaminated food can seriously deplete some 

essential nutrients in the body causing a decrease in 

immunological defenses, intrauterine growth 

retardation, impaired psychosocial behavior, 

disabilities associated with malnutrition and a high 

prevalence of upper gastrointestinal cancer
13

 and 

cancer of the pancreas, urinary bladder, or prostrate
15

. 

 

Metal uptake by plants may pose risks to human 

health when vegetables are grown on or near 

contaminated areas. Several studies have indicated 

that vegetables, grown in heavy metals contaminated 

soils had high concentration of heavy metals than in 

uncontaminated soil 
8
. 

 

The present objective of the study was planned by 

coliform count and analyse the metal content in 10 

different vegetables. Such as Carrot, Radish, Tomato, 

Beetroot, potato, Cabbage, Cauliflower, Onion, 

Ginger, and yam. 

 

MATERIALS AND METHODS 

Sample collection 

Vegetables (Potato, Carrot, Beet root, Radish, Yam, 

Ginger, Onion, Tomato, Cabbage and Cauliflower) 

were collected from supermarkets and greengrocer’s 

shops in Mannargudi, Thiruvarur district, Tamilnadu, 

South India. 

 

Isolation of Bacterial Pathogen in Vegetables
2
 

25g vegetables were weighed and shaken briskly with 

50ml sterile Butterfield’s Phosphate buffer and 

filtered. The filtrate was serially diluted to 10
-5

. 0.1ml 

of serially diluted was taken from 10
-4

 dilution was 

then spreaded over the Tryptone soya agar plates and 

Violet red bile agar plates. These plates were 

incubated at 37˚ C for 24 hours. After incubation, the 

colonies were observed on the plates.The isolated 

organisms from spread plates were than aseptically 

streaked on selective media Eosin methylene blue 

agar, MacConkey agar and Deoxycholate citrate agar. 

 

Enumeration of Bacterial Pathogen in Vegetables 

Total aerobic bacterial count was done on Tryptone 

Soya Agar (TSA) medium and appropriate dilutions 

were spreaded on TSA plates. The plates were 

incubated at 37˚C for 24 -48 hours. Colonies in each 

plate were counted, averaged and expressed as cfu g
-

1
.Total fecal coliform were enumerated using violet 

Red Bile Agar (VRBA) medium. For enumerating 

the total coliform, appropriate dilutions were, 

prepared from samples as above, and were spread 

plated on to Violet Red Bile Agar plates in triplicates. 

All plates were incubated at37˚C for 24-48 hrs. 

Violet coloured colonies were counted and results 

were expressed as cfu g
-1

. 

 

Identification of Bacteria
6,10

 

The isolated bacteria were identified by Gram’s 

staining, Motility test, and biochemical test. 

 

Antibiotic susceptibility test 
11 

The antibiotic test was carried out by Kirby Bauer 

method. This test was used to determine the sensitive 

or resistant of the isolates to various antibiotics. The 

isolated organisms were tested against the some of 

the commercially available antibiotics like 

Tetracycline, Ampicillin and Amoxicillin. 

 

Determination of Trace elements and Heavy 

metals in Vegetables By Atomic Absorption 

Spectrophotometer 
12

 

5gm of vegetables were weighed. Then each 

vegetable were washed in running tap water then 

with distilled water and were carefully dried in oven 

at 70˚ C for 24 hr. From this 1gm samples were 

ground in a pestle and mortar followed by wet 

digestion with nitric acid (HNO3) and perchloric acid 

(HClO4) in the ratio 3:1. The samples were digested 

on a hot plate at temperature corresponding to 100˚C 

for 3-4 hrs. Heating was done such that it did not 
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boil. Heating was done till it dried up completely and 

whitish brown dry mass was obtained. It was then 

cooled and the precipitate/digest mixture was 

extracted in acid water mixture (HCl: distilled water 

in the ratio 3:1) and filtered through whatman filter 

paper No 42, volume was made up to 50 ml. The 

filtrate was analyzed for metal content using Atomic 

Absorption Spectrophotometer. (GBC 932 AA). 

 

Statistical analysis
16

 

The results obtained in the present investigation were 

subjected to statistical analysis like mean (X) and 

standard deviation (SD). 

 

RESULT AND DISCUSSION 

In the present study, Tuber and Non–tuber vegetables 

were collected from supermarkets and greengrocer’s 

shops in Mannargudi. The total bacteria and coliform 

bacteria were enumerated and isolated on Tryptone 

Soya Agar and Violet Red Bile Agar Media 

respectively. The isolated bacterial colonies were 

identified by gram’s staining and biochemical tests. 

The bacterial isolates were subjected to antibiotic 

sensitivity test against 3 different antibiotics. Heavy 

metals such as Cu, Zn, Mn and Fe were determined 

by Atomic Absorption Spectrophotometer. 

 

Isolation and Identification of Microorganisms 

Different selective media were used for the isolation 

of microorganisms. The bacteria were isolated from 

vegetables. The isolated colonies were identified by 

morphology and biochemical test were compared 

with Bergey's manual of systemic bacteriology. The 

results were presented in Table 1& 2. 

 

Table 1: Morphological Characteristics of the Isolated Bacteria 
S.No Isolated 

Organisms 

Gram’s 

Staining 

Motility Cultural Characteristics 

1. E.coli Rod - 

Negative 

Motile Green coloured metallic 

sheen colonies on EMB agar                                                              

2. K.pneumoniae Rod - 

Negative         

Non – motile         Large pink colour colonies 

on MacConkey agar.                                                                                                                                                                                                                                                                                                                                   

3. S.typhimurium Rod - 

Negative         

Motile      Colourless transparent 

colonies on DCA 

4. Shigella sp., Rod - 

Negative         

Non – motile         Colourless transparent 

colonies on MacConkey 

agar.                  

 

Table 2: Biochemical characteristics of Isolated Bacteria 

S.No Isolated 

Bacteria 

Indole MR VP Citrate Urease TSI 

1. E.coli + + - - - A/A 

2. K.pneumoniae - - + + + A/A 

3. S.typhimurium - + - - - K/A/H2S 

4. Shigella sp., - + - - - K/A 

(+) Positive, (-) Negative, A/A – Acid slant and acid butt, K/A - Alkaline slant and acid butt,  K/A/H2 S - Alkaline 

slant and acid butt with H2S production. 

 

Enumeration of Bacteria in Vegetables 

Vegetables such as potato, carrot, radish, beet root, 

yam, ginger, onion, tomato, cabbage, cauliflower 

were directly enumerated for bacterial pathogens. 

Great variation in the total bacterial count and 

coliform count was observed in all the samples. Total 

bacterial count was highest in beet root followed by 

tomato, radish, onion, cauliflower, yam, potato, 

cabbage, ginger and carrot and coliforms were 

highest in beet root followed by carrot, potato, 

tomato, onion, cabbage, cauliflower, yam, radish, and 

ginger. The results were presented in Table 3. 

 

Assay of Antibiotic Susceptibility 

All the four bacterial isolates were subjected to 

antibiotic sensitivity against 3 different antibiotics 

such as ampicillin, tetracycline and amoxicillin. 

Among the organisms E.coli showed maximum 

susceptible against tetracycline followed by 

Salmonella, Shigella and Klebsiella. Salmonella 

showed maximum susceptible against ampicillin 
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followed by E.coli, Shigella and Klebsiella. Shigella 

showed maximum susceptible against amoxicillin 

followed by E.coli, Klebsiella and Salmonella. These 

results were analysed and compare with the zone 

interpretative chart. The results were presented in 

Table 4. 

 

Table 3: Total bacterial and coliform count in vegetables 

S.No Vegetables Mean ± SD 

Coliform count Total bacterial count 

1.    Potato             24.3 ± 27.5                            46.6±12.5 

2. Carrot 41.5±38.5 23.6±7.5 

3. Radish 16±8.8 1.13±74.8 

4. Beet root 42±11.4 274.5±173.5 

5. Yam 16.3±4.4 47.5±11.6 

6. Ginger 14.3±5.7 29.6±14.5 

7. Onion 21.3±13.5 91±50.4 

8. Tomato 23.6±9.4 218±182.1 

9. Cabbage 19.5±17.5 44.5±19.5 

10. Cauliflower 19±12.3 49±32.3 

                                      Values are represented as Mean ± Standard Deviation 

 

Table 4: Effect of antibiotic on the growth of test isolates. 

S.No 

 

Isolated Bacteria Zone of inhibition in diameter(mm)      

Ampicillin Amoxycillin Tetracycline 

1. E.coli 15± 3.5                    15.6± 2.6 20.3± 3.5      

2. Klebsiella 9± 0.81                    12.6± 3.68 11.6± 3.85             

3. Salmonella 16.6± 2.05                11.6±1.7      14.6±0.9 

4. Shigella 12± 0.81                   15.3± 2.86 13.3± 1.7      

Values are represented as Mean ± Standard Deviation 

 

Heavy metals in Vegetables 

Heavy metals such as Fe, Cu, Mn and Zn were 

analysed by Atomic Absorbtion Spectrophotometer 

in ten different vegetables such as onion, cauliflower, 

Potato, cabbage, yam, ginger, carrot, radish, tomato 

and beet root. In all the ten vegetables heavy metals 

were in the order of Zn>Cu>Fe>Mn. Amongst the 

various heavy metals analysed; Zn was maximum in 

all the ten vegetables. Potato had the highest content 

of Fe (0.533 mg/Kg
-1

) followed by beet root (0.442 

mg/Kg
-1

) cauliflower (0.421 mg/Kg
-1

), tomato (0.440 

mg/Kg
-1

), onion (0.399 mg/Kg
-1

), ginger  (0.375 

mg/Kg
-1

), carrot (0.355 mg/Kg
-1

), cabbage (0.337 

mg/Kg
-1

),radish (0.331 mg/Kg
-1

) and yam (0.324 

mg/Kg
-1

). Onion had the highest of Cu (0.608 mg/Kg
-

1
) followed by cauliflower (0.531 mg/Kg

-1
), Potato 

(0.522 mg/Kg
-1

), cabbage (0.515 mg/Kg
-1

), yam 

(0.324 mg/Kg
-1

), ginger (0.375 mg/Kg
-1

), carrot 

(O.355 mg/Kg
-1

), radish (0.331 mg/Kg
-1

), tomato 

(0.440 mg/Kg
-1

) and beet root (0.442 mg/Kg
-1

).  

Carrot had the highest of Zn (0.907 mg/Kg
-1

), 

followed by onion (0.907 mg/Kg
-1

),radish (0.521 

mg/Kg
-1

), beet root (0.50 mg/Kg
-1

), yam (0.428 

mg/Kg
-1

), potato  (0.400 mg/Kg
-1

), ginger (0.385 

mg/Kg
-1

), cauliflower (0.228 mg/Kg
-1

), tomato (0.50 

mg/Kg
-1

) and cabbage (0.42 mg/Kg
-1

). Maximum 

amount of Mn (0.479 mg/Kg
-1

), present in the 

cabbage followed by cauliflower (0.228 mg/Kg
-1

), 

carrot (0.200 mg/Kg
-1

), tomato (0.200 mg/Kg
-1

), 

onion (0.146 mg/Kg
-1

), ginger (0.190 mg/Kg
-1

), 

radish (0.081 mg/Kg
-1

), beet root (0.008 mg/Kg
-1

), 

yam (0.027 mg/Kg
-1

) and potato (0.029 mg/Kg
-1

). 

The results were presented in Table 5. 
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Table 5: Heavy metal Analysis –Vegetables 

S.No Vegetables Fe Cu Zn Mn 

1. Carrot 0.355        0.512         0.907       0.200 

2. Potato 0.533 0.522         0.400       0.029 

3. Radish   0.331        0.512        0.521        0.081 

4. Beet root 0.442       0.413       0.507                                  0.008 

5. Yam 0.324         0.515       0.428        0.027 

6. Ginger 0.375         0.541        0.385 0.190 

7. Onion                            0.399        0.608 0.907         0.146 

8. Tomato      0.440   0.510                                                   0.50         0.200 

9. Cabbage 0.337        0.515         0.42           0.479                                

10. Cauliflower  0.421                            0.531              0.228          0.321 

Values are mg/Kg
-1

dry weight 

CONCLUSION 

In the present study coliform bacteria were 

enumerated and isolated from ten vegetables such as 

potato, carrot, beet root, radish, yam, ginger, onion, 

tomato, cabbage and cauliflower. Then isolated 

bacteria were identified by gram’s staining technique 

and biochemical test. The isolated bacteria are E. 

coli, Salmonella, Klebsiella and Shigella. These 

bacterial isolated were subjected to antibiotic 

sensitivity against 3 different antibiotics such as 

ampicillin, amoxicillin and tetracyclin. Then heavy 

metals were analysed in ten vegetables by Atomic 

Absorbtion Spectrophotometer. 

 

Our study concluded that raw sewage water directly 

applied to agricultural field without prior treatment 

which contain pathogens and heavy metals, it may 

cause accumulation of toxic metals in surface and 

subsurface soils and crops. This pathogens and heavy 

metals harmful not only the plants and animals but 

also to consumers of the harvested crops. 

 

Coliform and Heavy metal contamination in 

vegetables possess a significant impact of health and 

environment. From this study, it can be said that is an 

urgent needed to raise awareness and education of 

this issues. Proper waste management strategy is 

needed to ensure health and environmental safety. 
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