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Abstract
In the present study, levels of microbial contamination on some leafy vegetables collected from local 
wholesale markets (Ankara, Turkey) were determined. The efficacies of different surface decontamination 
methods on these vegetables were also investigated. Average total mesophilic aerobic bacteria (MB) and 
total coliform (TC) counts were between 6.20 - 7.14 log cfu/g, and 3.39 - 4.91 log MPN/g, respectively. Of 
the sixteen samples analyzed, thirteen contained Escherichia coli. Dipping in tap water was not effective 
at reducing microbial populations on vegetables. Difference between chlorine (200 mg/L) and acetic acid 
(0.25 %, v/v) treatments in the reduction of MB and TC counts was found to be statistically insignificant. 
The highest reduction in both MB and TC counts was obtained by sequential treatment with acetic acid 
followed by chlorine. According to these results, acetic acid can be an alternative to chlorine for surface 
decontamination of leafy vegetables in food establishments and house level. Level of microbial decontami-
nation can be increased by sequential dipping in different sanitizers.  
Keywords: Leafy vegetable, natural microbial flora, surface decontamination, chlorine, acetic acid

DEĞİŞİK DEKONTAMİNASYON YÖNTEMLERİNİN 
YAPRAKLI SEBZELERDE MİKROBİYEL 

YÜK ÜZERİNE ETKİSİ
Özet
Bu çalışmada, Ankara’daki yerel pazarlardan toplanan bazı yapraklı sebzelerin mikrobiyel kontaminasyon 
düzeyleri belirlenmiştir. Çeşitli yüzey dekontaminasyon işlemlerinin bu sebzeler üzerindeki etkileri de ay-
rıca incelenmiştir. Ortalama toplam mezofilik aerobik bakteri (MB) ve toplam koliform (TC) sayıları sıra-
sıyla 6.20 - 7.14 log kob/g ve 3.39 - 4.91 log EMS/g düzeyinde bulunmuştur. İncelenen 16 örneğin 13’ünde 
Escherichia coli tespit edilmiştir. Çeşme suyuna daldırma işlemi, sebzelerdeki mikrobiyel popülasyonun 
azaltılmasında etkili bulunmamıştır. MB ve TC sayılarındaki azalma açısından klor (200 mg/L) ve asetik 
asit (% 0.25, v/v) ile yıkama işlemleri arasında istatistiksel olarak önemli bir fark bulunmamıştır. MB ve 
TC sayılarındaki en fazla azalma, birbirini takip eden asetik asit ve klor uygulamasıyla elde edilmiştir. Bu 
sonuçlara göre de asetik asitin gıda işletmelerinde ve ev düzeyinde yapraklı sebzelerin yüzey dekontami-
nasyon uygulamalarında klora alternatif olabileceği ortaya çıkmıştır. Mikrobiyel dekontaminasyon düzeyi 
farklı sanitizerlerin ardışık uygulamaları ile arttırılabilecektir. 

Anahtar Kelimeler: Yapraklı sebze, doğal mikrobiyel flora, yüzey dekontaminasyonu, klor, asetik asit.
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INTRODUCTION
Consumption of leafy vegetables has increased 
in recent years because of their nutritional value 
and beneficial health effects (1, 2). The number of 
outbreaks of foodborne illnesses associated with 
consumption of fresh vegetables and fruits have 
increased due to the increase in demand for fresh 
produce (3, 4).

The presence of spoilage and pathogenic microor-
ganisms on leafy vegetables has long been recog-
nized (5). Salmonella spp. (6), Listeria monocyto-
genes (7), Escherichia coli O157:H7 (8), Aeromonas 
hydrophila (9), Yersinia spp. (10) and Staphylococ-
cus aureus (1) have been isolated from vegetables 
which can become contaminated with these patho-
gens at any of several points from the field through 
to the time of consumption (11, 12, 13).

Effective and feasible sanitation methods are re-
quired to remove pathogens and also to prevent 
foodborne diseases associated with consumption 
of fresh vegetables and fruits (14). Although most 
processors and consumers assume that washing 
fresh vegetables and fruits will reduce the micro-
bial load on their surface, studies have shown that 
water washing alone is not effective in reducing 
microbial population on the fresh vegetables (15, 
16). Hypochlorite solution containing 50 – 200 
mg/L free chlorine is the most widely used sani-
tizer in fresh produce processes. Chlorine creates 
about 1 to 2 log microbial reductions on fresh 
vegetables at commonly used concentrations (17, 
18). Despite some safety concerns about the use 
of chlorine in food processes (e.g., formation of 
trihalomethanes), it has been accepted as a con-
venient and inexpensive sanitizer for use against 
many foodborne pathogens at the foodservice and 
household levels (19, 20). Acetic acid has been used 
as an alternative to chlorine for surface decontami-
nation of vegetables. In household applications, 
vinegar can be used as an inexpensive acetic acid 
source (4, 5, 21).

The objectives of this study were to determine the 
level of microbial load on the surfaces of raw leafy 
vegetables (cos lettuce, arugula, parsley and let-
tuce) marketed in Ankara, Turkey and to evaluate 
the efficacy of different surface decontamination 
methods in the reduction of microbial load on the 
vegetables. 

MATERIALS AND METHODS 
Vegetable Samples
Cos lettuce (Lactuca sativa L. var. longifolia), aru-
gula (Eruca sativa), parsley (Petroselinum crispum) 
and lettuce (Lactuca sativa) samples were pur-
chased from the local wholesale markets in Anka-
ra, Turkey and transported to the laboratory under 
refrigerated conditions at the day of the treatment. 
Sampling was performed four times for each veg-
etable and totally 16 vegetable samples were exam-
ined in the study. The outer damaged leaves and 
cores of lettuce and non-edible stems of arugula 
and parsley were aseptically removed and discard-
ed. Then leaves of arugula, cos lettuce and lettuce 
were shredded into approximately 2-3 cm pieces 
of using a sterile stainless steel knife while parsley 
leaves used without cutting.

Preparation of Treatment Solutions
Tap water was sterilized for decontamination 
treatment. Chlorine solution (200 mg/L, pH 6.50) 
was prepared using commercial grade sodium hy-
pochlorite (Ak-Kim, Istanbul, Turkey) and sterile 
deionized water. The free chlorine level was de-
termined by the method given in the standard of 
Turkish Standards Institution (22). Acetic acid so-
lution was prepared using glacial acetic acid (Mer-
ck, Darmstadt, Germany) and sterile deionized 
water at the concentration of 0.25 % (v/v, pH 3.48). 

Decontamination Treatments of Vegetables
Decontamination treatments were performed by 
dipping 200 g of vegetable samples into two liters 
of the appropriate treatment solution by continu-
ous stirring using a sterile stainless steel spatula. 
(I) Control group was not subjected to any surface 
decontamination method. The other groups were 
subjected to each decontamination solution for 10 
min; (II) tap water, (III) 200 mg/L chlorine, (IV) 
0.25 % (v/v) acetic acid and (V) sequential dipping 
using 0.25 % (v/v) acetic acid followed by 200 mg/L 
chlorine (sequential dipping treatment). Treated 
samples (III, IV and V) were subsequently rinsed 
with 2 liters of sterile deionized water in order to 
eliminate possible sensory quality defects caused 
by the use of acetic acid and chlorine as mentioned 
in the literature (2, 23, 24). At the end of treatments, 
samples were spin-dried in a sanitized home salad 
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spinner for 1 min. All treatments were performed 
four times at room temperature (24±2 ºC). 

Microbiological Analysis
After decontamination treatments 25 g of each 
sample was immediately weighted in a sterile 
stomacher bag and 225 ml of buffered peptone wa-
ter (PW, Merck, Germany) was added into the bag 
and homogenized using Seward 400 laboratory 
stomacher (West Sussex, UK) at medium speed for 
1 min. Serial dilutions were made by using PW. The 
efficacies of the surface decontamination methods 
were examined by determination of the numbers 
of total mesophilic aerobic bacteria (MB), total co-
liforms (TC) and Escherichia coli. Total mesophilic 
aerobic bacteria were enumerated in plate count 
agar (PCA, Merck, Germany) following the pour 
plate method by incubation at 37 °C for 48 h (25, 
26).

The numbers of TC and E. coli were determined 
by using three tube most probable numbers (MPN) 
method. Appropriate dilutions were inoculated 
into Fluorocult® Lauryl Sulfate Tryptose (LST-
MUG, Merck, Germany) broth with Durham tube 
and incubated at 37 °C for 24 to 48 h. One loop-
ful culture from the tubes with gas formation at 
24 and 48 h was transferred to brilliant green bile 
broth (BGB, Merck, Germany) and incubated at 
37 °C for 24 to 48 h. The BGB tubes with gas and 
turbidity formation were used for the enumera-
tion of coliform by using the MPN table. For the 
determination of E. coli numbers, gas and turbid-

ity positive LST-MUG broth tubes at 24-48 h were 
examined for blue fluorescence at a wavelength 
of 366 nm using a hand held UV lamp (CAMAG, 
Muttenz, Switzerland). As a confirmation, indole 
test was performed by using Kovac’s reagent. The 
gas, fluorescence and indole positive LST-MUG 
broth tubes were used for the determination of E. 
coli number by using the MPN table (27-29).

Statistical Analysis
All experiments were replicated four times. Data 
were subjected to Duncan’s test using SPSS ver-
sion 11.5 (SPSS Inc., Chicago, USA) to determine 
if significant (P<0.05) differences existed between 
decontamination treatments.

RESULTS AND DISCUSSION 
The effects of different surface disinfection meth-
ods treatments on cos lettuce, arugula, parsley and 
lettuce samples are presented in Table 1 and 2. In 
this study, the levels of initial MB (6.20 - 7.14 log 
cfu/g) of the cos lettuce, arugula, parsley and let-
tuce samples were found fairly high. These results 
are similar with the study of various researchers. 
For example, Abadias et al. (30) reported the mean 
mesophilic aerobic bacteria counts of iceberg, let-
tuce hearts and romaine samples as 4.6, 4.4 and 
6.0 log cfu/g, respectively. Similarly, Allende et al. 
(18) found high number of total mesophilic aerobic 
bacteria (6-8 log cfu/g) in salad leaves (lettuce and 
escarole). 

Control Tap water
Chlorine  

 (200 ppm)
Acetic acid 
(0.25%, v/v)

Acetic acid 
(0.25%, v/v) + 
Chlorine (200 

ppm)

Cos lettuce 6.60±0.12A** 5.98±0.24AB 5.12±0.62BC 5.58±0.69BC 4.65±0.91C

Arugula 6.20±0.08A 5.45±0.35B 4.77±0.33C 4.70±0.17C 3.93±0.33D

Parsley 7.14±1.02A 6.31±0.91A 5.64±0.86A 5.99±1.06A 5.30±1.12A

Lettuce 6.40±0.34A 5.72±0.48AB 5.22±0.44BC 5.08±0.53BC 4.93±0.52C

.  

Table 1. Effects of disinfection treatments on total mesophilic aerobic bacteria counts (log cfu/g)* on cos lettuce, arugula, parsley 
and lettuce samples

*Values are mean ± SD population recovered (log cfu/g) (n=4)
**Different capital letters in the same raw significantly different (P<0.05)
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The presence of high level of TC is undesirable alt-
hough these are part of the natural microflora on 
vegetables (31). High microbial loads of TC were 
found on the samples examined. Mean TC counts 
of control samples of romaine lettuce, arugula, 
parsley and lettuce were 4.91, 3.39, 4.73 and 3.74 
log MPN/g, respectively. In contrast, Cruz et al. 
(32) and Soriano et al. (1) reported lower coliform 
counts (ranged from <0.47 to >3.38 log MPN/g and 
0.65 to 1.55 log MPN/g, respectively) on lettuce 
samples. 

The incidence of E. coli was fairly high on the samp-
les. Among the sixteen vegetable samples analyzed, 
thirteen tested positive for E. coli. The population 
of E. coli was between 0.60 and 4.32 log MPN/g in 
parsley and arugula samples respectively (data not 
shown). The presence of E. coli is commonly used as 
an indicator of fecal contamination in foods and its 
existence indicates the likely presence of pathogens 
such as Salmonella, Shigella and E. coli O157:H7 
(17, 30, 32). Thus, determination of E. coli is impor-
tant in the food safety point of view. Meldrum et 
al. (33) reported that 3.9 % of the salad vegetables 
(cabbage, cucumber, lettuce, onion, tomato) analy-
zed contained >2 log cfu/g E. coli. On the contrary, 
McMahon and Wilson (9) couldn’t isolate E. coli 
from the organic vegetables (carrot, mushroom, to-
matoes, cherry tomatoes, pepper, courgette, aspa-
ragus, red onion, onion, spring onion, potato, alfal-
fa sprouts, water cress, lettuce, cucumber, broccoli, 
cabbage, celery, cauliflower and turnip) examined. 
These high MB and TC counts and high inciden-
ce of E. coli on leafy vegetables could possibly be 
originated from natural flora of soil, contaminated 
irrigation water, manure and animals (12).

Washing vegetables with water is the most used de-
contamination method in house level, although its 
decontamination efficacy is very low. In this study, 
the maximum reduction with the tap water in MB 
and TC counts were 0.83 log cfu/g and 0.98 log 
MPN/g (in parsley), respectively. However, there 
was no significant difference in the counts of MB 
(except arugula) and TC (except parsley) after the 
tap water treatment compared to control. Simi-
larly, Allende et al. (18) found that water washing 
reduced the initial population of total mesophilic 
aerobic bacteria about 1 log in fresh cut lettuce and 
escarole. Various studies had also shown that de-
contamination efficacy of water on vegetables was 
not more than 1 log (5, 20).

The decontamination efficacy of chlorine was fo-
und to be significant (P<0.05) at reducing MB 
and TC counts. MB and TC counts were reduced 
by 1.18-1.49 log cfu/g and 1.44-2.07 log MPN/g, 
respectively. The results obtained in our study for 
chlorine are also consistent with those reported by 
other researchers. Allende et al. (18) reported about 
2 log reduction in MB and TC counts following 100 
mg/L free chlorine (pH 6.5) treatment for 1 min on 
lettuce samples. Delaquis et al. (17) reported about 
1 log and 2 log reductions in MB counts following 
100 ppm free chlorine (pH 8.7) treatments of lettu-
ce samples for 1 min at 4 °C and at 50 °C, respec-
tively. Washing lettuce samples with chlorinated 
water (200 ppm free chlorine, for 15 min) reduced 
the MB and TC counts by 2.63 and 1.91 log, respec-
tively (5). Vandekinderen et al. (2) reported maxi-
mum 0.5 - 2 log reduction in TC counts following 
20-200 mg/L free chlorine (pH 6.0) treatment for 
1-5 min on carrot samples.

Control Tap water
Chlorine
 (200 ppm)

Acetic acid 
(0.25%, v/v)

Acetic acid (0.25%, 
v/v) + Chlorine (200 
ppm)

Cos lettuce 4.91±0.67A** 4.20±0.30AB 3.47±0.51BC 3.96±0.56B 2.84±0.77C

Arugula 3.39±0.77A 3.10±0.80AB 1.77±0.71C 1.97±0.53BC 1.39±0.23C

Parsley 4.73±0.48A 3.75±0.19B 2.66±0.71C 3.67±0.29B 2.49±0.56C

Lettuce 3.74±1.14A 2.99±1.17A 2.29±1.43A 2.69±1.02A 2.37±1.39A

Table 2. Effects of disinfection treatments on total coliform counts (log MPN/g)* on cos lettuce, arugula, parsley and lettuce 
samples

*Values are mean ± SD population recovered (log cfu/g) (n=4)
**Different capital letters in the same raw significantly different (P<0.05). 
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As a sanitizing agent, organic acids are used as an 
alternative to chlorine in decontamination of fresh 
vegetables. Acetic acid (vinegar) is the most widely 
used acidulant in salads to give zest or tang flavor 
(34). Reductions in the counts of MB and TC on ve-
getables treated with 0.25% acetic acid were signi-
ficant (P<0.05). The average reductions were about 
1.25 log cfu/g and 1.12 log MPN/g in MB and TC 
counts, respectively. As seen from Table 1 and 2, 
the best decontamination results with the use of 
acetic acid were achieved in arugula (1.50 log cfu/g 
and 1.42 log MPN/g). Akbas and Ölmez (24) re-
ported that dipping of lettuce in 0.5 % acetic acid 
for 2 min significantly (P<0.05) decreased (1.3 log 
cfu/g) the number of E. coli, and the change in the 
acetic acid concentration (from 0.5 to 1.0 %) had 
no significant effect on reduction level.  Chang and 
Fang (21) compared the effectiveness of acetic acid 
to reduce the E. coli O157:H7 for 5 min at 25 ºC in 
lettuce samples. They reported that 5% acetic acid 
reduced the E. coli count (~3 log) significantly. On 
the other hand, acetic acid concentrations of 0.05% 
and 0.5% had no significant effects. Nascimento et 
al. (5) reported 3.37 and 3.91 log reductions in MB 
counts following 2% and 4% acetic acid treatments 
of lettuce samples for 15 min. The reductions in 
TC counts were found as >2.25 log with 2% and 4% 
acetic acid treatments.  

Overall statistical analysis indicated that sequen-
tial dipping in acetic acid and chlorine solution 
was the most effective method in reducing the MB 
and TC counts. Initial MB counts reduced by 1.96, 
2.27, 1.84 and 1.48 log cfu/g on cos lettuce, arugu-
la, parsley and lettuce samples, respectively; where 
in the case of TC counts the reduction levels were 
determined as 2.07, 2.0, 2.24 and 1.45 log MPN/g.  
Statistically, no significant differences were obser-
ved between sequential dipping treatment and in-
dividual applications of chlorine and acetic acid on 
MB counts except from arugula sample. However, 
better reduction levels were observed numerically 
by sequential dipping treatments than the others 
(Table 1). Similarly, application of sequential dip-
ping and individual use of chlorine showed no sig-
nificant differences in the reduction of TC counts. 
However, in the view of the reduction rate, the se-
quential dipping treatment gave relatively higher 
reduction in TC counts than chlorine treatment 
except lettuce samples as seen in Table 2. In agree-
ment with our results, Singh et al. (35) showed that 
microbial quality could be improved more when 

the washing regime was repeated with different 
sanitizer. 

In parsley samples, no significant decreases were 
determined in the level of MB although there were 
up to 1.84 log cfu/g reductions after decontami-
nation treatments. Similarly, the reduction in TC 
counts were found insignificant in lettuce samples, 
although there were up to 1.45 log MPN/g reduc-
tion compared to control after decontamination 
treatments. 

Since the initial E. coli levels were very low (Table 
3) and standard deviations of replicate experiments 
were also very high in all tested samples, the effect 
of decontamination treatments on E. coli could not 
be determined.

Table 3. Mean E. coli counts (log MPN/g)* in control samples 

Control

Cos  lettuce 2.12±1.19

Arugula 1.17±0.71

Parsley 1.99±2.18

Lettuce 1.79±0.94
*Values are mean ± SD population recovered (log cfu/g) (n=4)

In conclusion, the high counts of MB and TC were 
determined on the leafy vegetables. Also high in-
cidence of E. coli was found on the samples. It is 
very difficult to remove or kill the microorganisms 
after the produce is contaminated. Therefore Good 
Agricultural Practices must be applied by farmers 
in the field level in order to prevent this microbial 
contamination.

The results obtained in this study showed that 
the levels of microbial contamination of the leafy 
vegetables surfaces were fairly high and tap water 
had limited or no effect on reducing these micro-
organisms. The use of acetic acid or vinegar could 
be preferred instead of chlorine for surface decon-
tamination in home applications and foodservice 
establishments. Compared to the single dipping 
treatments, sequential dipping method showed the 
best reduction rate on microbial load of leafy veg-
etables.
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