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The aim of this study was to assess the microbiological profile of leafy vegetables from organic and conventional farming (𝑛 = 70).
The microbiological parameters analyzed consisted of aerobic mesophilic bacteria, yeasts and molds, coliforms at 30 and 45∘ C, and
Salmonella ssp. A biochemical identification of the Enterobacteriaceae species was carried out. Some Enterobacteriaceae species
were identified in the produce from both farming systems and Hafnia alvei was the most widespread specie observed. Salmonella
spp. was not detected in the samples analyzed. The microbial counts for indicator microorganisms were, in general, higher for
conventional leaves when compared to those produced by organic farming.

1. Introduction
The organic food and beverage market sold about 81.6 billion
US dollars’ worth of produce worldwide in 2015. Nowadays,
the highest per capita consumption of organic food is found
in European countries, such as Switzerland, Luxembourg,
and Denmark [1]. The Institute of Development Promotion
(IPD-Instituto de Promoção do Desenvolvimento) estimated
there were more than 10,000 organic production units in
Brazil in 2014. However, the lack of accurate data about the
Brazilian market limits a precise number, since the majority
of sales occur directly between small farmers and consumers
[2].
The reasons for the consistent growth in the consumption
of organic vegetables go from ethical and political reasons to
life quality, safety, and environmental concerns [3, 4]. Organic
vegetables, generally, presents lower amount residues of
pesticides when compared with conventional ones [5]. This
fact increases consumer trust in organic food due to a lower
perceived risk and increased perceived quality [6]. Perceived
quality is one of the most important predictors of organic
willingness to buy and consume [4]. The French Agency

for Food Safety (ANSES) points out that the use of safe
chemicals, such as alcohols and chlorine compounds, and
the banishment of Genetically Modified Organisms (GMOs)
constitute the most significant characteristics of organic
production [7].
The relationship between microbiological risk and
organic production is still uncertain since many factors
may contribute to the development of microorganisms,
including differences between the cropping system. The use
of animal manure in organic farming naturally raises concern
about the microbiological safety. Since there is a restriction
concerning the chemicals allowed in organic production [8]
the potential for microbial contamination exists when this
type of fertilization is used, representing an increased risk to
public health [9–11]. In Brazil the use of manure in organic
agriculture is allowed; however, the composting of manure
into soils is mandatory for this cropping system [12].
In some scientific studies greater risk with the consumption of organic food was not identified [8, 13] but controversially, several foodborne disease outbreaks are related to
organic food [14]. One example is the outbreak of Shiga
toxin-producing Escherichia coli O157:H7 linked with organic
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Table 1: Summary of the characteristics of the two evaluated farms.

Location

Farm of organic
cultivation

Farm of conventional
cultivation
∗

Fertilization

Water source

Manual with
manure composting

Well water
(groundwater)

Manual with
manure

River water (surface
water)

Irrigation system definition∗
Applies the water through small emitter to
the soil surface; drip irrigation allows the
Microirrigation (drip water to drip slowly to the roots of plants
minimizing the water evaporation;
and microspray)
microspray applies water to the soil surface
by a small spray or mist
Sprinkler irrigation is a method similar to
natural rainfall; water is delivered through a
Sprinklers
pressurized pipe network to sprinklers
which spray the water into the air
Irrigation system

Source: Solomon et al. [23].

spinach consumption reported in five States of United States
affecting 33 persons in 2012 [15]. No deaths were reported;
however two persons developed hemolytic uremic syndrome
(HUS).
Leafy vegetables do not generally represent the main type
of food reported in outbreaks. From 1998 to 2008 only 5.2%
of bacterial foodborne illnesses in the USA were related to
leafy vegetables [16]. The data from the Brazilian Health
Ministry shows that vegetables represented about 0.8% of
this epidemiology in the last 10 years; but this proportion
could be higher because most outbreaks are subnotified in
the USA [17] and Brazil. In addition, raw vegetables must be
sanitized before consumption. However, food handlers, both
professional and domestic, fail to follow hygiene procedures,
increasing the risk of consuming raw vegetables [18, 19].
In this context, the present work proposes to microbiologically evaluate certified organic leafy vegetables and
conventional ones from the same cultivars.

2. Material and Methods
2.1. Sampling. Samples of leafy vegetables from organic
and conventional cultivation were obtained from two farms
located in Cordeiropolis (22∘ 28耠 55耠耠 S; 47∘ 27耠 24耠耠 O) and
Americana (22∘ 44耠 21耠耠 S; 47∘ 19耠 53耠耠 O), both cities in Sao Paulo
State, Brazil. The production area for organic cultivation
has 12 hectares where 50 different species of vegetables are
planted. Well water is used for irrigation which is performed
by microirrigation (drip and microspray irrigation). The
fertilization is manual and made with manure composting
into soils. The vegetables are collected by a work team
composed of 8 persons, and each employee is responsible
for the collection of a particular plant in order to observe
possible changes in the crop. The organic vegetables presented national certification by Ecocert (a system which
adopts external audits) and the leafy vegetables that have
been evaluated are produced organically there since 2014.
The production area for conventional agriculture has 1.5
hectares, in which 19 different species of vegetables are
grown throughout the year. The irrigation process is only by
sprinkling and the irrigation water comes from a river from
to the PCJ watersheds (belonging to Piracicaba, Corumbataı́
and Jaguari cities). Manure is also used for fertilization

using a manual process. The work team is composed by 3
employees. Both producers used the same plant seedlings
from the same provider, so the production only differed with
respect to the type of cultivation. Five units of each leafy
vegetable, organically and conventionally grown, were collected. The following species were analyzed: green leaf lettuce
varieties “Milena” (LM) and “Vanda” (LV) and iceberg lettuce
(IL) (Lactuca sativa L.), common chicory (CC) (Cichorium
intybus), escarole (ES) (Cichorium endivia), collard greens
(CG) (Brassica oleracea L.), and parsley (PA) (Petroselinum
crispum). Table 1 summarizes the characteristics of the two
farms.
The analyses were performed from February to November 2016. The analysis routine was the following: each type
of leafy vegetable obtained by conventional and organic
cultivation was harvested at the same day and taken to the
Microbiology Laboratory. All analyses were performed on the
day the vegetables were harvested. They were placed in plastic
bags without modifying the atmosphere and stored at 4 ± 3∘ C
until analyzed. All samples presented a fresh appearance at
the time of analysis. The vegetables were washed in running
water before analysis, leaf by leaf, immersed in a sodium
hypochlorite solution (200 mg/L) for 15 minutes, and then
rinsed in running water [20]. This step aimed to compare
the microbiological quality of the leave vegetables under the
consumption conditions. Both the conventional and organic
leafy vegetables of the same type/variety were analyzed at
the same time and under the same conditions. Since the
production areas are nearby (approximately 40 Km distant),
the conditions of climate and rain during cultivation were
equivalent for each type of leafy vegetable growth at the same
time.
2.2. Microbiological Analyses. The samples were analyzed for
aerobic mesophilic bacteria, yeasts and molds, coliform (at
30∘ C and 45∘ C) counts according to Downes and Ito [21],
and the presence of Salmonella according to Andrews and
Hammack [22].
Plate Count Agar (PCA) (Difco/BD, USA) was used for
the aerobic mesophilic bacterial count with the addition of 1%
triphenyl tetrazolium chloride (TTC) (Merck, USA), using
the pour plate technique and incubation at 35 ± 1∘ C/48 h.
To determine the yeast and mold counts, the spread plate
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Table 2: Mean counts of aerobic mesophilic bacteria, yeasts and molds, and coliforms at 30∘ C and 45∘ C from 70 vegetable samples from
organic and conventional cultivation.
Microorganism
Aerobic mesophilic bacteria (log CFU/g)
Yeasts and molds (log CFU/g)
Coliforms at 30∘ C (log MPN/g)
Coliforms at 45∘ C (log MPN/g)

Conventional
Mean
4.84
3.18
1.96
0.79

Organic
SD±
0.83
0.78
0.97
0.88

Mean
4.32
2.81
1.08
0.25

SD±
1.13
0.85
1.02
0.27

𝑝 value
0.056∗
0.04†
<0.01†
<0.01†

SD is standard deviation. Values in bold indicate significant statistical difference (푝 < 0.05). ∗ Student’s 푡-test. † Mann–Whitney’s 푈 test.

technique was adopted using Sabouraud Dextrose Agar and
incubation at 25 ± 1∘ C for 3 to 5 days. All results were
expressed in log CFU/g.
The coliform counts at 30∘ C and 45∘ C were obtained
using the Conventional Multiple Tube Technique with Lauryl Sulfate Tryptose Broth (Oxoid, England) and Brilliant
Green Bile Broth (Oxoid, England), with incubation at 35 ±
1∘ C/48 h. Positive samples were transferred to EC broth
(Difco/BD, USA), with incubation at 45±1∘ C/24 h. The results
were expressed as the log most probable number per gram
(log MPN/g).
The method described by Andrews and Hammack [22]
was used to evaluate the presence of Salmonella. Briefly, the
method consists of the following steps: (A) preenrichment
(Lactose Broth, Difco/BD, USA); (B) selective enrichment
(Tetrathionate broth (TT) and Selenite Cysteine broth (SC),
Oxoid, England); (C) differential plating (Hektoen Enteric
agar (HE), Salmonella Shigella agar (SS) and Xylose-LysineDesoxycholate agar (XLD), Oxoid, England); and (D) biochemical tests (Lysine Iron Agar (LIA) and Triple Sugar Iron
agar (TSI), Difco/BD, USA). After application, each culture
medium was incubated at 35∘ C/24 h, and when a positive
reaction was obtained in the biochemical tests, a serological
test was carried out using polyvalent antisera (Probac, Brazil).
2.3. Biochemical Identification of the Enterobacteriaceae. To
identify the species of Enterobacteriaceae present in the
samples, the commercial systems Bactray I and II (Laborclin, Brazil) were used. These consist of a miniature kit
indicated for gram-negative oxidase negative bacilli, glucosefermenting and glucose nonfermenting bacteria. Initially,
MacConkey media for the growth of typical colonies was
used, with incubation at 35∘ C/48 h, and then transferred to
Brain Heart Infusion broth (BHI) and incubated at 35∘ C/24 h.
The BHI broth was adjusted to a 0.5 McFarland turbidity
reading in a spectrophotometer at 600 nm.
An aliquot of 1.0 mL of the suspension was then transferred to the Bactray I and II systems and incubated at
35∘ C/18 h–24 h. An electronic program provided by Laborclin
revealed the species found.
2.4. Reference Standards. The data obtained were compared
with the Brazilian legislation (RDC no. 12) (Resolução da
Diretoria Colegiada = Resolution of the Board of Directors)
which indicates a maximum count for coliform bacteria at
45∘ C of 2 log CFU/g and the absence of Salmonella in 25 g
[24]. The Compendium of Methods for the Microbiological

Examination of Foods published by the American Public
Health Association (APHA) was also consulted in order to
establish the parameters not contemplated by the Brazilian
legislation [21].
2.5. Statistical Analysis. The variables were expressed as the
means followed by the standard variation. The distribution
histograms, mean, standard deviation, and minimal and
maximum values were verified. The Kolmogorov Smirnov
test was used to verify the adherence of distributions with the
normal curve.
The means obtained for organic and conventional
cultivation were compared using Student’s 𝑡-test (variables with normal distribution and homoscedasticity) or
Mann–Whitney’s 𝑈 (variables without normal distribution
and/or homoscedasticity). All tests were carried out using the
SPSS software version 15.0.1., considering a significance level
of 𝑝 < 0.05.

3. Results and Discussion
The comparison between aerobic mesophilic bacteria, coliforms at 30∘ C and 45∘ C, and yeasts and molds can be
observed in Table 2 (mean counts for each group of microorganism) and Figure 1 (mean counts for each leafy vegetable).
Leafy vegetables from conventional cultivation presented
higher mean counts of coliforms at 30∘ C, coliforms at 45∘ C,
and yeasts and molds than the organically grown ones.
Of all the samples analyzed, only one conventional
vegetable (LV) and two organic ones (LM and CC) presented
aerobic mesophilic bacterial counts higher than 6 log CFU/g,
but they showed no signs of deterioration. When the aerobic
mesophilic bacterial counts reach 6 log CFU/g, the vegetables
may show signs of deterioration and become unsuitable for
consumption [25].
A range from 4 to >7 log CFU/g for yeasts and molds in
organic and conventional vegetables was reported by the literature [26, 27]. In the present work mean counts for yeasts and
molds for each leafy vegetable were lower than 4 log CFU/g;
however the samples were sanitized before analysis.
The contamination with coliforms at 30∘ C found
presently reached 1.08 log MPN/g for organic vegetables and
1.96 log MPN/g for conventional vegetables. Even though
high levels of coliforms at 30∘ C may not represent an eminent
health risk, they suggest poor hygiene conditions. A study
with organic lettuces cultivated in Brazil [28] showed a range
from 2.7 to ≥3.38 log MPN/g for coliforms at 30∘ C.
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Figure 1: Counting of aerobic mesophilic bacteria (a), yeasts and molds (b), and coliforms at 30∘ C (c) and 45∘ C (d) among the 7 species of
organic and conventional vegetables. Equal letters for the same vegetable indicate no statistical difference in Student’s 𝑡-test (𝑝 < 0.05).

The occurrence of coliforms at 45∘ C can indicate fecal
contamination. Lotto and Valarini [29] showed that conventional lettuces produced in Brazil presented higher counts
for coliforms at 45∘ C than organic lettuces, in accordance
with the results of the present study, where the three types
of lettuce evaluated presented statistically higher counts
for coliforms at 45∘ C for conventional leaves (Figure 1(d)).
For fresh, unpacked, unprocessed, and sanitized vegetables,
the maximum count accepted for coliforms at 45∘ C is
2 log MPN/g [24].
There was a statistical difference between the microbial
load (i.e., coliforms at 30∘ C and at 45∘ C and yeasts and molds)
of the leafy vegetables obtained by the two cultivation systems; however, the absolute numbers of the counts were similar, less than 1 log different. Although the averages were close,
in the individual analyses of two conventionally cultivated
leafy vegetables (LV (Vanda lettuce) and IL (iceberg lettuce))
higher counts of coliforms were observed at 45∘ C than the
established by the Brazilian legislation [12] indicating risk to
the consumers.
The presence of Salmonella spp. was not detected in any
of the samples analyzed. Some studies refer to the absence of
Salmonella spp. in fresh vegetables from the Brazilian market
[26, 30]; however other researchers found the presence of
Salmonella in a range from 0.7 to 20% of the samples [7, 28, 31].
In some Brazilian studies, higher microbial counts were
observed for organic vegetables [7, 26, 28, 32] than for

conventional ones. However, the microbial comparison of
organic and conventional vegetables is controversial and
depends on several factors including inadequately composted
or raw animal manure and irrigation with bad quality water
[7, 8, 33].
The irrigation system is another important factor in the
microbiological safety of a crop, since contaminated water
can reach the leaves during irrigation [3]. The control of this
source of contamination has been indicated as one of the
most promising targets to reduce microbial contamination
[34]. During this study, technical visits were made to both
production areas (conventional and organic cultivation).
The agricultural production unit responsible for the organic
vegetables uses good quality water and microirrigation systems. On the other hand, the conventional unit uses river
water with just a sprinkler system. According to ICMSF [35]
good quality water is less susceptible to contamination by
pathogens than surface water taken from rivers, for example.
Groundwater commonly contains less organic matter and
microorganisms than surface water because the rock tends
to act as a filter to remove some contaminants. Considering
these aspects, the source and type of irrigation used may have
affected the results.
The indiscriminate use of herbicides and pesticides in
conventional agriculture systems has been indicated as one of
the causes of water and soil contamination and an imbalance
in the environment, with direct impacts on the microbial
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Table 3: Enterobacteriaceae species identified by miniature kits Bactray I and II from samples of organic and conventional cultivation of leafy
vegetables.
Vegetable
Iceberg lettuce (Lactuca sativa L.)
Lettuce, var. Milena (L. sativa L.)

Conventional
N.D.
N.D.

Lettuce, var. Vanda (L. sativa L.)

N.D.

Escarole (Cichorium intybus)

Enterobacteriaceae
Precision rate (%)
-

Pseudomonas luteola
Acinetobacter baumannii/calcoaceticus
Chicory (Cichorium endı́via)
Hafnia alvei
Klebsiella oxytoca
Hafnia alvei
Collard green (Brassica oleracea L.)
Enterobacter asburiae
Parsley (Petroselinum crispum)
Hafnia alvei

51.83
100
100
99.2
100
44.97
100

Organic
Precision rate (%)
N.D.
Pantoea dispersa
49.96
Yokenella regensburgei
84.55
Hafnia alvei
99.85
Pseudomonas luteola
51.83
N.D.

-

N.D.
Hafnia alvei

100

N.D.: no species detected.

loads of the soil and on several other species [36]. On the
other hand, some studies have shown that organic fertilizers
can benefit the soil microbiota, increasing the availability and
uptake of nutrients and also contributing to plant growth [37].
Although animal manure benefits the soil microbiota and
can be used as a fertilizer in both organic and conventional
farming, the risks in the case of organic production can be
higher. To minimize this problem, a composting process is
recommended, which involves mineralization, moisturizing,
and decomposition of the organic matter, resulting in a stable,
pathogen free product with an improved nutrient content
[38]. During the thermophilic phase of composting, the
temperature can rise to 60∘ C and this is enough to reduce the
microbiological counts, including those of pathogens [39].
Costa et al. [40] demonstrated that the coliform population
suffered a progressive reduction during composting, and
Enterobacteriaceae such as Salmonella were destroyed. The
use of composting is mandatory for organic farmers in
Brazil, as described in Normative Instruction number 46 [12].
However, for conventional agriculture, although the use of
manure is allowed, composting is not required. It is suggested
that composting must be required by Brazilian government
in both the organic and conventional systems given the
importance of this process in product safety.
Table 3 shows the counts for the Enterobacteriaceae
species found on the samples of leafy vegetables. The specie
present in most samples was Hafnia alvei, which was found
in both organic and conventional produce. Other genera/species identified in the samples were Pseudomonas luteola, Acinetobacter baumannii/calcoaceticus, Klebsiella oxytoca, Enterobacter asburiae, Pantoea dispersa, and Yokenella
regensburgei. Although Enterobacteriaceae are present in the
soil, water, plants, and the human microbiota, they can be a
source of foodborne diseases. Some species observed in the
present study in both organic and conventional leaves are
epiphytic bacteria, which commonly colonize on the surface
of plants [41]. Their occurrence was also documented by
Al-Kharousi et al. [42] in about 91% of vegetable samples.

Although not necessarily harmful to the vegetables themselves, all the species found here have been somehow related
to hospital-acquired infections. Hafnia alvei appeared 5 times
in this study and can be found in human and animal feces,
as well as in water, soil, and diverse products of animal
origin [43] playing a role in the spoilage of refrigerated meat
and vegetables [44]. Moreover, H. alvei can be resistant to
penicillin, ampicillin, cephalothin, tetracycline, and amoxicillin/clavulanic acid [45, 46] which can represent a threat
from the clinical perspective.
It is also important to point out that, with respect to the
species reported in the current study, the reports found in
the literature concerning infections caused by them occurred
mostly in hospital environments and possibly with immunocompromised subjects. It is also important to highlight that
the increase in outbreaks has been strongly associated with
the consumption of vegetables by immunocompromised
individuals [47].
Organic agriculture production can be associated with
other benefits, especially regarding sustainability and public
health. Brazil, for example, is the leading country in the
use of pesticides (5.2 L per capita/year), causing a strong
impact on the environment in terms of the depletion of
natural resources, the persistence of certain residues, and a
decrease in biodiversity. The effects on public health due to
the consumption of contaminated food, as well as on farm
workers due to pesticide intoxication, can be considered as a
violation of human rights: violating the right to health and to
adequate and healthy food [48].

4. Conclusion
The present study showed that the same cultivars of leafy vegetables obtained by organic cultivation had lower microbial
counts than those obtained by conventional cultivation.
The methodological approach of the present study does
not allow to conclude which cropping system is safer;
however, the observed results indicate that leafy vegetables
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cultivated in a conventional way can present a higher count
of microorganisms even after the use of chemosynthetic pesticides and fertilizers. In this sense, good farming practices,
independent of the cropping system, tend to be more effective
in controlling the microbiological load. The quality of the
water and the type of irrigation used in production can affect
the quality of the leafy vegetables, so they should be carefully
evaluated and implemented.
Anyway, the detection of some Enterobacteriaceae
species (but no Salmonella specie) in various types of leafy
vegetable from both farming systems raises concern about the
consumption of raw vegetables by susceptible individuals,
such as infants, the elderly, and immunocompromised
persons.

Additional Points
Practical Applications. The organic market is increasing
worldwide. Agriculture for local consumption and exportation is the main economic activity in Brazil. As a result of that,
the country is leading pesticide use (5.2 L per capita/year)
and the study of organic production is important to give the
opportunity to the population to reduce chemical exposure.
The microbiological quality of leafy vegetable from organic
farming was compared to conventional farming and showed
no greater microbial load to them.
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cultura e casa de vegetação,” Pesquisa Agropecuária Brasileira,
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