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ABSTRACT

This study aims to identify the number of contaminantion of coliform, Escherichia coli and
lead contained in lettuce, tomato and carrots at the level of traditional market in Palembang
city. There were 27 total samples selected from four traditional markets. Microbial analysis
was determine based on AOAC (1984) method, leERi analysis by using AAS (Shimatzu type
AA 700). The data were expressed as mean = standard deviation was calculated using
Microsoft Excel 2007 program. All research work conducted in triplicate. The results showed
that all vegetables contained coliform and lead contamination while Escherichia coli was not
detected.
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Currently consumption of fresh vegetables is increasing. The %od and Drug
Administration (FDA) and the World Health Organization (WHO) recommends consuming 5-9
servings of vegetables daily because it can reduce the risk of certain diseases (Weldezgina
and Muleta, 2016; Ignarro et al., 2007; Liu, 2003). Lettuce, tomatoes, and carrots are
vegetables that are often consumed fresh (raw).

Although it has health benefits, raw vegetables need to be taken into consideration of
their safety level beffause it is suspected that vegetables have been contaminated due to
improper treatment at all stages during pre and post harvest techniques (De Roever, 1999;
Lund et al., 2000; Amoah et al., 2006). Types of contaminants commonly found ini
vegetables include pathogenic microbial contaminants and chemical contaminants.

Many epidemics in many countries are caused by the consumption of fresh vegetables
@ntaminated with microbes (Beuchat, 2002; FAQ/WHO, 2008). Pathogenic microbes
commonly detedggd in fresh vegetables are coliform bacteria and Escherichia coli (Tambekar
and Mundhada, 20086).

In developing countries, the use of waste water and fertilizg}s for vegetable production
is a contributing factor to the contamination of vegetables (Johannessen et al., 2002;
AdeOluwa and Cofie, 2012). Coliform is used as an indicator of microbiological quality of
water and food (Chaturvedi et al, 2013). The presence of coliform contamination in
vegetables indicates that vegetables are contaminated by human and animal feces (Cornish
et al., 1999). Microbiological contamination of pathogens originating from irrigation water
contaminated with waste, soil or manure used as fertilizer characterized by the presence of
Escherichia coli (Purba et al., 2012).

Several studiesgJave revealed the presence of pathogenic microbial contamination in
vegetables that harm consumers (D'Mello, 2003; Zandstra and De Kryger, 2007). In the USA
there is an outbreak of E.coli O157: H7 contained on the lettuce from the Taco Bell
restaurant in the northern United States (CDC, 2015).

The International Commission on Microbiological Specification for Foods (ICMSF)
(1996) recommends vegetables to be consumed raw containing Escherichia coli less than
10° CFU/g. Directorate General of Food and Drug Control of the Republic of Indonesia
(1989), requires maximum consumed vegetables containing Escherichia coli 10 CFU/g.

Contaminants of other harmful chemicals found in vegetables are heavy metals such
as lead (Pb) which pollute many environments and are harmful to human health
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(Widaningrum et al., 2007; Notohadiprawiro, 1995). The source of heavy metal contaminants
comes from excessive exhaust fumes, fertilizers or pesticides that exceeds the prescribed
safe dose (Singh, 2004). Winarti and Miskiyah (2010), showed that the content of lead
contaminats (Pb) in carrots was 0.10-0.21 ppm. While the content of Pb on lettuce is not
detected.

The presence of pathogenic microbial contaminants and heavy metals in fresh
vegetables indicates inadequate handling during planting, harvesting, distribution and
transportation to marketing. Traditional market sanitation conditions are generally
inadequate, this can be seen from the dirty environment, muddy, unpleasant smell,
uncomfortable. This situation allows bacteria to move from one place to antoher or cross
contamination (Mujianto, 2008).

Research purposes. Generally, this study aims to assest coliform, E.coli and lead
contaminantion in vegetables those are sold at the traditional market in Palembang city.

Hypothesis. The hypothesis of the study was fresh vegetables those sold in traditional
marketed in Palembang city contained coliform, E.coli and lead.

METHODS OF RESEARCH

The Scope of Research. The scope of research was identification of Coliform, E.coli
and Lead contamination in fresh vegetables marketed in Palembang city, Indonesia. The
execution of research work were four traditional markets which represent marketing area,
namely Jakabaring (JK), Perumnas (PM), Alang-Alang Lebar (AAL) and Km 5 (K5).

Random sampling was adopted to collects sample vegetables. There were 27 total
samples selected from four traditional markets. The vegetables investigated were lettuce,
tomato and carrot as those vegtetables commonly consumed freshly. All research work
conducted in treplicate.

Analysis Method. Microbial analysis was determine based on AOAC (1984) method,
[Bad analysis by using AAS (Shimatzu type AA 700). The data were expressed as mean
standard deviation was calculated using Microsoft Excel 2007 program.

RESULTS AND DISCUSSION

Coliform. This research is to know the amount of microbial contamination of pathogenic
coliform and E. @bli in lettuce, tomatoes, and carrots. Test result showed that coliform
contaminants on lettuce, tomatoes, and carrots at the level of traditional market in the city of
Palembang ranged from (9.62 + 4.65) x10? CFU/g up to (10.43 + 4.97) x10? CFU/g for
lettuce; (4.73 +1.45) x 102 up to (5.97 + 3.96) x 10° for tomatto; and (9.13 + 5.31) x 102 up to
(13.04 = 8.67) x 10%for carrot.

Table 1 — Coliform contamination

Coliform (CFU/q)

Traditional Market

Lettuce Tomatto Carrot
Jaka Baring (10.43 +4.97) x10° (5.38+2.49) x10° (11.75+4.32)x10°
Km 5 (10.03£5.03) x10° (4.78+1.54) x10° (10.68+4.81) x10°
AAL (9.87+4.91) x10° (5.97+3.96) x10° (9.1345.31) x10*
rumnas (9.6244.65) x10° (4.73+1.45) x10° (13.04+8.67) x10°

Data were expressed in mean + standar deviation based on triplicate readings (n=3).

Based on Table 1, among of the three vegetables, carrot was the most contaminated,
followed by lettuce, and tomatoes. Test result also showed that all vegetables involved have
level of coliform contamination exeeded the limit of recommended by WHO and the
International Commission on Microbiological Specifications for Food i.e. 10-10° CFU/g
(Benti's run et al., 2014). Coliform in vegetables is an indication of contamination that comes
from human and animal faecal (Cornish et al., 1999).
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These results correlated with the source of contamination during growth, namely soil,
organic fertilizer and water sources (Heaton and Jones, 2008). The carrot is a kind of
vegetable that is directly in contact with the ground, lettuce is belong to growing low above
the ground while tomatoes are relatively far away from the land where the growing. The
application of manure from animal waste, waterin@vith contaminated domestic waste water,
post-harvest handling unhygieni@ by farmers is a potential source of contamination
(Chaturvedi et al., 2013; Amoah et al., 2005; MefJsah et al., 2002; Halablah et al., 2011,
Johannessen et al., 2002). In addition, the use of fresh manure without drying used for
vegetable production potentially to produce total coliform fecal matter with a high number of
(Drechsel et al., 2000). The presence of coliform is more an indication of the condition of
prosessing or inadequate sanitation (anonymous, 2008). But the number of coliform is not
necessarily indicates a microbial pathogen (Nguz et al., 2005).

Pathogenic microbial contamination on agricultural products occurs at some point,
starting from the production, harvesting, processing, packaging, distribution and marketing in
traditional markets (Sapers, 2001). Sanitary condition of traditional market also influences the
presence of coliform contamination on vegetables, tomatoes, lettuce and carrots.

Jaka Baring market is a wholesale market that have fair sanitation conditions, where
each commodity are separated, and the vegetables are sold in large quantities for retailer.
This contrasts with other market such as market Perumnas and Km 5 where vegetables were
sold in small quantities and spread on plastic layer on the ground. It is the circumstance
which allows the bacteria move from one place to another or cross-contamination (Mujianto,
2008).

In addition the vegetables displayed were often touched by many hands. Handling is
often done by hand which is not hygienic are factors that contribute to high |@jels of
microbes. Dusty environment, a lively street, coupled with the quality of thgjwater used to
sprinkle vegetables to keep it stay fresh is a supporting factor that can help the survival and
multiplication of microorganisms on the surface of vegetables (Chaturvedi et al., 2013).

Escherichia coli. Escherichia coli is one of the members of the coliform group found in
human waste. Escherichia coli is often referred as coliform faecal (Fardiaz, 2011). In addition
Escherichia coli is one of the microbes used as terms of the quality of microbial impurities
contained in the standard specification for horticulture. There§lle some outbraeks caused by
Escherichia coli. Year 2011 poisoning outbreaks occurring caused by E. coli O157: H7 in
some States in the United States caused from @hsuming romaine lettuce. In year 2012,
there was a remarkable incident caused by E. coli O157: H7 assffflated with the
consumption of organic spinach, the year 2013 unusual poisoning is also c@lsed by E. coli
0157: H7 in ready eat salad, the year 2014 there was outbraek caused by E. coli 0121 on
raw clouver sprouts (www.cdc.gov, accessed on September 5, 2016).

Based on the test results analysis, the amount of contaminant Escherichia coli on all
vegetable lettuce, tomatoes and carrots marketed in a few traditional in the city of
Palembang were <2 MPN /100 ml. The value of < 2 MPN (most probable Number)/100 ml
indicates that none of the positive test tubes containing Escherichia coli. This mean that all
vegetables tested meet the E. coli contamination requirement set by Food and drugs
adminstration of Rnguinc Indonesia (2004) which require the limit for Escherichia coli on
vegetables are 0 -10° CFU/g (BPOM, 2004).

The levels of E coli on the vegetables is influenced by the location of the cultivation and
post-harvest treatment. Most vegetable like lettuce, tomato, and carrot come from area
where the water for irrigation during the process of cultivation is derived from well water and
rain water. In addition the site of cultivation are no aquaculture enclosures for livestock as
source of potential microbial contamination on the vegetables produced. The use of manure
derived from chicken manure could be made only at the time of the preparation of the soil
prior to planting so as to minimize the occurrence of Escherichia coli contamination.

Escherichia coli in vegetables indicates poor environmental sanitation. Escherichia coli
is a bacteria indicator for sanitation. The absence of Escherichia coli on all vegetables tested
pointed out that environmental sanitation around the cultivation of market environment
classified as good. Vegetables can be contaminated by pathogenic bacteria from
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contaminated irrigation water, soil, sewage or animal waste used as fertilizer. However, post-
harvest handling like washing with clean water in planting location and sorting by
manufacturer, farmer, wholesaler and retailers can reduce pathogenic bacteria, except
bacteria spore-forming (Djaafar and Rahayu, 2007).

Soil and water is the habitat of many microbes including Coliform, Ee. coli, S. aureus
and Bacillus cereus spore-forming bacteria and (Baird-Parker, 2000). To reduce the
occurrence of microbial contamination in vegetable, washing done prior to marketing at the
level of farmers and traders in a traditional market.

The traditional market is a great place to meet the seller and the buyer. The building
consists of stalls and kiosk, most of which is sold daily necessities. Sanitary condition of
traditional markets is generally very bad, it can be seen from the environment is dirty, muddy,
smell unpleasant, uncomfortable. It is the circumstance which allows the bacteria move from
one place to another or cross-contamination (Mujianto, 2008).

Based on interviews with farmers, the vegetables were cleaned in advance directly
after harvest before being sold to wholesaler, including cleaning of residual soil or sand and
washing to keep vegetables clean and fresh. Vegetables which have been harvested and
collected should be cleaned of all dirt that clings to the surface of the skin, either in the form
of dust, splashing on the ground, as well as the remains of the pesticides and fertilizers that
is sprayed on leaves when the plant maintenance. The dirt when not cleaned immediately
would constitute a source of contamination from a wide range of pathogens that can
accelerate damage and lower the quality (Kartasapoetra, 2008).

Heavy metal Lead (Pb). Lead contamination in lettuce, tomatoes and carrot can be
found in Table 2.

Table 2 — Lead contamination in lettuce, tomatoes and carrot marketed in Palembang city

Lead (ppb)
Market Lettuce Tomato Carrot
Jaka Baring 2615 1112 1846
Km 5 255 1042 1543
AAL 2146 1342 1443
rumnas 2244 1242 1543

Data were expressed in mean t standard deviation based on triplicate readings (n=3).

Heavy metals lead (Pb) is one of a wide variety of heavy metal pollution in major cities.
Heavy metals lead (Pb) goes into the plant through the roots and leaves of the mouth
(stomata). Test results showed that lead content on lettuce, tomatoes and carrots were
varies in each market. Based on Table 2, lead content (Pb) in lettuce, tomatoes and carrot
were below the treshold which specified in the standard heavy metal contamination in foods
that is 0.5 ppm (SNI 7387: 2009). Low levels of lead on the vegetables due to land used for
cultivation of vegetables are far away from the highway and in addition there was no
pesticide used during cultivation. This means that the lead in the vegetables predominantly
come from the soil and the plant itself as well as a small portion comes from smoke the rest
of the results of fuel combustion in motor vehicles. According to Sari et al. (2011) the lower
density of vehicles passing on the road, the lower levels of lead found in the vegetable.
Plants contain lead (Pb) fairly high when planted near a highway. This is caused by dust and
smoke contamination of vehicle fuel that contains lead.

Pollution of lead (Pb) may occur in the air, water, or soil. Lead (Pb) content in the soil is
average of 16 ppm, but for certain areas could reach thousands of ppm (Fardiaz, 1992). The
concentration of lead (Pb) in a densely populated urban air traffic could be 5 up to 50 times
compared with the mountain air (Sunu, 2001). Lead (Pb) content in plants of agricultural or
plantation located adjacent to the highway is higher compared to agricultural or plantation
located far from the highway. This shows that the pollution of lead (Pb) that potential comes
from a motor vehicle. However, in addition to the distance of the plant with the highway, the
levels of lead (Pb) in plants are also affected by the traffic density, the time the process of
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planting, the mileage from the location to the area of marketing, the contribution of lead from
soil, physiology and morphology of plants and also the direction of the wind.

Lead (Pb) is largely accumulated by plant organ, i.e., leaf, stem, root and root tubers
for example carrots. The transfer of lead from soil to plant depending on composition and pH
of soils. High lead concentrations (100 to 1000 mg/kg) will lead to toxic influences on the
process of photosynthesis and growth. Lead affects only thef@lant when its concentration is
high (Charlena, 2004). The plant can absorb metals Pb upon condition of fertility and low soil
organic matter content. In this situation of heavy metals Pb will be detached from the bonds
of the soil and in the form of ions that move freely in the soil solution. If other metals are not
capable of inhibiting its existence, then it will be absorbed by plant roots. Lead is a highly
toxic heavy metals, it can be detected in all the inanimate objects in the environment and in
the entire biological system. The main source of lead is food and drink. This component is
toxic to all aspects of life. Lead showed toxic on the nervous system, hemetologic,
hemetotoxic and affect the work of the kidneys.

Lead (Pb) is very dangerous to humans because it is a toxic substances that can not
be destroyed or changed in shape. Heavy metals can enter into the environment due to the
weathering of rocks containing heavy metals in the ground, the use of natural materials for
fertilizers and waste disposal plant and household waste. Heavy metal does not harm the
surroundings of life beings but heavy metals harmful when entering into the system the
metabolism of living beings in amounts exceeding the threshold.

CONCLUSION

The results of the study show that there are contaminants coliform in lettuce, tomatoes
and carrots on the level of market traders Jaka Baring, Perumnas, Km 5, Alang-Alang Lebar.
Highest coliform contaminants found in carrots ranged from (1304%8.67) x10? CFU/g,
followed by lettuce and tomatoes ranged (10.43+4.97) x10? CFU/g, and tomato (5.97+3.96)
x10% CFU/g. While the contaminant Escherichia coli not found on all vegetable samples test.
The highest lead contaminants are present in the lettuce of 26+5 ppb followed by carrot 18+6
ppb and tomato 132 ppb.
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