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Abstract

Background: Three conventional lettuce farms were evaluated in Southern Brazil using a standardized self-
assessment questionnaire with 69 indicators and a microbiological sampling plan in order to assess the status of
current agricultural practices and management systems. The use of both tools aimed to identify the foremost
contamination sources and control measures during the crop production. A total of 128 samples were taken
(manure, soil, water, workers’ hands and equipment, lettuce seedlings and lettuce heads) in four visits during the
growth cycle of lettuces. Samples were analysed for hygiene indicators (E. coli) and presence of pathogens
(Salmonella spp. and E. coli O157).

Results: Microbiological results indicated that E. coli counts were very low in all analysed samples and no
pathogens were detected. These results could be explained partially because all farms had toilets near to the fields,
they did not raise animals near the crops, fields were located in areas where flooding was not possible, they used
organic fertilizers adequately composted, and irrigation water demonstrated good microbiological quality. The
microbial results for manure and soil indicated that the composting time was of utmost importance to maintain
minimal contamination levels for the duration of the cultivation period, as long as the quality of irrigation water
was very important to prevent further contamination of the crop. On the other hand, the self-assessment
questionnaire identified a moderate to high risk level concerning microbiological contamination in all evaluated
farms, because they had no formal good agricultural practices implemented, technical support, water control,
inspections, food safety registers or sampling plan for microbiological or chemical analyses.

Conclusion: These different results are important in order to provide information about the actual status of
contamination (microbial sampling plan) and possible food safety problems in the future based on the results given
by the questionnaire. Furthermore, the results of this study also highlighted the necessity to provide more safety
during the fresh produce cultivation, being formal good agricultural practices implementation an important start to
the fresh produce farms in Brazil, as well as to adopt a higher level of control activities in order to achieve lower
risk levels.

Keywords: Conventional lettuce; Good agricultural practices; Microbiological contamination
* Correspondence: tondo@ufrgs.br
1Laboratório de Microbiologia e Controle de Alimentos, Instituto de Ciência
e Tecnologia de Alimentos, Universidade Federal do Rio Grande do Sul
(ICTA/UFRGS), Av. Bento Gonçalves, 9500, prédio 43212, Campus do Vale,
Agronomia, Cep. 91501-970 Porto Alegre/RS, Brazil
Full list of author information is available at the end of the article

© 2015 Bartz et al.; licensee Springer. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work is properly credited.

mailto:tondo@ufrgs.br
http://creativecommons.org/licenses/by/4.0


Bartz et al. International Journal of Food Contamination  (2015) 2:7 Page 2 of 13
Background
Fresh produce is frequently associated with healthy diets
because their nutritional properties and global produc-
tion and consumption has increased significantly in the
last years around the world (FAOSTAT, 2013; Warriner
et al., 2009; Aruscavage et al., 2006). Intensive produc-
tion systems and the lack of reliable good agricultural
practices in the field are some of the reasons for the
worldwide increasing numbers of foodborne illnesses
associated to fresh produce (EFSA, 2014; Oilamat and
Holley, 2012; Warriner et al., 2009; Beuchat, 2006;
Sivapalasingam et al. 2004; Beuchat, 1996). Fresh pro-
duce can become contaminated with pathogens at any
step of the supply chain, mostly due to natural, human
or environmental factors (Olaimat and Holley, 2012;
Oliveira et al., 2012; Itohan et al., 2011; Taban and
Halkman, 2011). As a consequence, several foodborne
outbreaks associated with leafy greens have been reported
as primarily caused by Salmonella spp. and pathogenic
Escherichia coli (Callejón et al., 2015; Buchholz et al.,
2011; Warriner et al., 2009; Delaquis et al., 2007; Stine
et al., 2005; Buck et al., 2003).
In Brazil, as in many other countries, lettuce (Lactuca

sativa L.) is one of the most consumed leafy vegetables,
attributable to year round availability, low cost and
nutritional factors (Abreu et al., 2010; Mocelin and
Figueiredo, 2009; WHO et al. 2008; Mattos et al., 2007).
The Brazilian lettuce cultivation system is predominantly
done in open fields, which are located for the most part at
urban surroundings. Generally the distribution system
occurs without refrigeration at any step of the postharvest
chain, in contrast to practices in the European Union and
United States, where cold chain and advanced logistics
systems are applied (Brasil, 2013; Salla and Costa, 2012).
Food Safety Management Systems, for example, Good

Agricultural Practices (GAP), at farm level are able to
prevent and reduce bacterial contamination of fresh pro-
duce (Morgharbel and Masson, 2005; CDC, 2003; FDA,
1998). A number of factors has been identified as
sources of microbial contamination, for example: organic
fertilizers, soil, workers and equipment and, most note-
worthy, water. Water has been identified as one of the
most important sources of contamination of fresh pro-
duce. Irrigation waters and the fresh produce rinsing wa-
ters are recurrently used devoid of any disinfecting
treatment (Rodrigues et al., 2014; Olaimat and Holley,
2012; Salem et al., 2011; Allende et al., 2008; Beuchat,
2006; Anderson et al., 1997).
Based on these evidences, the objective of the present

study was to evaluate the status of current agricultural
practices and management systems of conventional let-
tuce farms in the State of Rio Grande do Sul (RS),
Southern Brazil, in order to identify major bottlenecks
during the crop growing time related to conceivable
microbiological contaminations. Insights were disclosed
by combining microbiological analyses with the diagno-
sis of the risk level at farm circumstances, the status of
implemented control measures and assurance activities
and the system outputs at three typical Brazilian farms.

Methods
Characterization of the farms
Three family managed, smallholdings (approximately 2
to 3 hectares of land) in which lettuce was grown in a
conventional production system were involved in the
present study. Further on these production units were
denominated farm 1, 2 and 3. These farms were chosen
because they had typical characteristics of small farms
were conventional lettuces and other leafy greens are
cultivated in Brazil and also due to their similar condi-
tions in terms of lettuce production. Before sampling
collection, the owners were contacted and agreed to
cooperate in the research. One of the farms was located
in the rural area of Porto Alegre, the capital city of Rio
Grande do Sul, the southernmost State of Brazil. The
other two farms were located in the rural area of Viamão,
a city neighboring Porto Alegre. Their cultivation system
was in a open field.
The lettuce seedlings used to start off the plantations

were delivered to the farms by different commercial sup-
pliers. There were no formal good agricultural practices
implemented or any other voluntary standard certified
at the farms in the course of the sampling period. The
fertilization procedures of the production fields were
similar in all three farms. Organic fertilizers, over 90 days
composted chicken manure, were purchased from local
suppliers. None of the farms produced any kind of or-
ganic fertilizer.
The lettuce fields were irrigated by overhead sprinkler

systems and the water was pumped from ponds located
adjacent and at a lower level of the cultivation areas.
In all three farms the workers’ households were lo-

cated near the fields (less than 100 meters apart) and
were equipped with toilets. Besides the intensive rain-
fall during the sampling period, flooding did not
occur or affect the production fields. The farmers,
during the sampling period, did not have cattle,
poultry or other livestock animals in breeding process
at their premises.

Microbiological sampling plan
Sampling locations and collection
A microbiological sampling plan was used with the in-
tent of identifying contamination sources in the current
agricultural practices. The sampling locations were se-
lected based on literature review related to potential risk
factors which may contribute to the microbiological
contamination of lettuce. These locations were
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identified as critical sampling locations (CSL’s), i.e.,
sites in the production processes at which contamination,
growth and/or survival of microorganisms may take place.
In the present paper 12 CSL’s were selected based on
sources and potential risk factors of microbial contamin-
ation, starting from lettuce seedlings, soil and manure, irri-
gation and rinse waters, handlers, food contact equipment
up to the final products (Rodrigues et al., 2014; Oilamat
and Holley, 2012; Ilic et al., 2012).
The sampling period ranged from August to October

2012 and the microbial sampling plan was set up to ob-
tain information about hygiene (E. coli) and safety levels
(Salmonella spp., E. coli O157:H7). Samples of water,
soil, manure, lettuce seedlings, lettuce heads, workers’
hands and transport boxes were collected as previously
described by Rodrigues et al. (2014).
All the samples were transported by car to the Laboratory

of Microbiology and Food Control of the Institute of Food
Science and Technology – ICTA/UFRGS inside thermal
boxes. Analyses started in less than one hour after sampling.

Microbiological analyses
The analyses of microbiological parameters of each CSL
are presented in Table 1. All the microbiological analyses
were carried out according to Rodrigues et al. (2014).

Diagnostic instrument used to measure the food safety
management systems
A questionnaire with 69 indicators was applied to gain
insights into the level of the good agricultural practices
and management system currently implemented on
the farms, as previously described by Rodrigues et al.
(2014). The questionnaires were answered by the
farms’ owners.

Weather conditions
Temperature and cumulative precipitation of the week
prior to sampling and including the sampling day (8 days)
were obtained from the National Institute for Meteorology
of Brazil (Instituto Nacional de Meteorologia (INMET),
http://www.inmet.gov.br/portal/). Table 2 shows the aver-
ages of temperature and precipitation during the sampling
period.

Statistical analyses
Statistical analyses were performed with SPSS Statistics
version 21 at p < 0.050. Bivariate correlations between the
indicators were determined by calculating the Spearman’s
Rho coefficient using the raw enumeration data. Kruskal-
Wallis or Mann-Whitney U tests were used to evaluate
the influence of different factors. Pair wise tests were
performed to identify the significant differences be-
tween individual categories when significant differ-
ences were found. In case of ‘n’ pair wise comparisons,
Dunn-Sidak correction was applied, resulting in adjusted
individual p’ values: p’= 1-(1-p)1/n, in which p = 0.050 to ob-
tain a family-wise error rate of 5%.

Results
Microbiological contamination
The presence of E. coli in the collected samples from ma-
nure, manured soil before setting the lettuce plantlets into
the field and soil along the growth cycle of the lettuce
crops presented mostly counts below the detection limits
(Table 3). The highest count of E. coli (2.00 log10 CFU/g)
was observed in two samples: one sample of manure and
another of soil (Table 3). There was no significant differ-
ence in E. coli counts between manured soil and soil sam-
ples for the duration of the sampling period (Kendall’s
tau-c, p = 0.803). There were no significantly differences in
E. coli counts in manure among farms (Kruskal-Wallis
Test, p = 0.368). Salmonella spp. and E. coli O157:H7 were
not found in any sample. The E. coli concentration along
the growth cycle in manure, manured soil and soil in the
three farms is demonstrated in Figure 1.
Lettuce seedlings were collected only at the time of

planting the seedlings in the field. E. coli counts ranged
from <1.00 log10 CFU/g to 2.30 log10 CFU/g (average
of 1.43 ± 0.75 log10 CFU/g). The highest count was
observed on seedlings at farm 1. During the growth cycle
of the lettuces, the E. coli distribution was similar
(Kruskal-Wallis Test, p = 0.560) (Figure 2). However,
the highest E. coli counts were observed two and one
week before harvest. At harvest, all E. coli counts were
below the detection limit (Figure 2). E. coli counts
were similar on the lettuce head samples collected at
all farms (Kruskal- Wallis Test, p = 0.162), ranging
from <1.00 ± 0.00 log10 CFU/g to 1.12 ± 0.14 log10
CFU/g. The rinsed lettuce heads presented E. coli
counts below the detection limits and no pathogens
were found on any sample of seedlings and lettuces.
Water samples collected from ponds, sprinklers and

rinsing tanks presented low counts of E. coli and 88.5%
of the samples counts were below the detection limit
(Table 3). Counts of positive samples ranged from 1 to
1.4 log10 MPN/100 ml. No statistical differences were
determined for E. coli among the three water sources
during the growth cycle of the crop (Kruskal- Wallis
Test, p = 0.739). No pathogens were detected in any ana-
lyzed sample. During the lettuce growth cycle, the distri-
bution of E. coli showed no significant differences
among farms and time of sampling (Kruskal- Wallis
Test, p = 0.212). No pathogens were found in any water
sample.
The samples of the transport boxes and workers’

hands of the three farms were collected only at harvest.
All samples showed E. coli counts below the detection
limit (Table 3).

http://www.inmet.gov.br/portal/


Table 1 Description of Critical Sampling Location (CSLs), samples, periodicity, microbiological parameters, methodologies,
results interpretation and references

CSL Description Samples Time Microbiological
parameters

Methodology Interpretation
of the results*

References

1 Manure 3 samples T0 E. coli ISO 21528-2:2004 10³ cfu/g MAPA/ IN n°46. (2011)

E. coli O157:H7 ISO 16654:2001 A/25g ND

Salmonella spp. ISO 6579:2002 A/25g MAPA/ IN n°46. (2011)

2 Manured soil 3 samples → 3 x 3 pooled T0 E. coli ISO 21528-2:2004 10³ cfu/g MAPA/ IN n°46. (2011)

E. coli O157:H7 ISO 16654:2001 A/25g ND

Salmonella spp. ISO 6579:2002 A/25g MAPA/ IN n°46. (2011)

3 Soil 3 samples → 3 x 3 pooled T1 E. coli ISO 21528-2:2004 10³ cfu/g MAPA/ IN n°46. (2011)

T2 E. coli O157:H7 ISO 16654:2001 A/25g ND

T3 Salmonella spp. ISO 6579:2002 A/25g MAPA/ IN n°46. (2011)

4 Seedlings in soil 1 sample→ 1 x 3 pooled T0 E. coli ISO 21528-2:2004 10² cfu/g RDC n°12 (2001)

E. coli O157:H7 ISO 16654:2001 A/25g ND

Salmonella spp. ISO 6579:2002 A/25g RDC n°12 (2001)

5 Seedling 1 sample T0 E. coli ISO 21528-2:2004 10² cfu/g RDC n°12 (2001)

6 Lettuce 3 samples → 3 x 3 pooled T1 E. coli ISO 21528-2:2004 10² cfu/g RDC n°12 (2001)

T2 E. coli O157:H7 ISO 16654:2001 A/25g ND

T3 Salmonella spp. ISO 6579:2002 A/25g RDC n°12 (2001)

7 Lettuce after washing 3 samples → 3 x 3 pooled T3 E. coli ISO 21528-2:2004 10² cfu/g RDC n°12 (2001)

E. coli O157:H7 ISO 16654:2001 A/25g ND

Salmonella spp. ISO 6579:2002 A/25g RDC n°12 (2001)

8 Rinse water 100 ml T3 E. coli 20 TH APHA (1998) 2 x102 MPN/100ml CONAMA. n°357 de 2005

E. coli O157:H7 ISO 16654:2001 A/25ml ND

Salmonella spp. ISO 6579:2002 A/25ml ND

9 Irrigation water source 100 ml T0 T1 E. coli 20 TH APHA (1998) 2 x102 MPN/100ml CONAMA. n°357 de 2005

T2 E. coli O157:H7 ISO 16654:2001 A/25ml ND

T3 Salmonella spp. ISO 6579:2002 A/25ml ND

10 Irrigation water
from tap

100 ml T0 T1 E. coli 20 TH APHA (1998) 2 x102 MPN/100ml CONAMA. n°357 de 2005

T2 E. coli O157:H7 ISO 16654:2001 A/25ml ND

T3 Salmonella spp. ISO 6579:2002 A/25ml ND

11 Swab of farmers’ hands 3 x 25 cm² T3 E. coli ISO 21528-2:2004
and AOAC (1998)

≤ 0.7 log cfu/25 cm²
(below detection)

Jacxsens. et al. (2010)

12 Swab of transport
boxes of lettuce

3 x 50 cm² T3 E. coli ISO 21528-2:2004 ≤ 0.7 log cfu/25 cm²
(below detection)

Jacxsens. et al. (2010)

A: absent; ND: not defined by official regulation.
T0: At planting. T1: Two weeks before harvest. T2: One week before harvest. T3: At harvest.

Bartz et al. International Journal of Food Contamination  (2015) 2:7 Page 4 of 13
Weather parameters
Regarding weather parameters (temperature and pre-
cipitation), results were significantly different (Kruskal-
Wallis Test, p < 0.001) among the farms and the sampling
days throughout the sampling period (Table 2). At farm 1,
on the first day of sampling (T0), the highest count of
E. coli found on soil seedling samples was 2.30 log10
CFU/g. On that day the amount of rain fall was, statisti-
cally, the lowest in comparison to the other sampling days
(Mann-Whitney U Test, p < 0.001) (Table 2; Figure 1). On
the other farms, no statistical differences were observed
both for E. coli counts and rain fall volumes during the
sampling period.
Temperature at transplanting day was similar to tem-

peratures observed at two and one week before harvest
(Mann-Whitney U Test, p = 0.446, p = 0.64, respectively)
and significantly different from the harvest day (Mann-
Whitney U Test, p = 0.002). Between the sampling periods
of one and two weeks before harvest, temperatures were
as well significantly different (Mann-Whitney U Test,



Table 2 Mean and standard deviation of temperature and
precipitation during sampling period in three farms
producing conventional lettuces in Southern Brazil

Farm Visit Temperature* (°C) Precipitation* (mm)

1 T0 18.01 ± 2.58a 0.58 ± 1.31a

T1 19.02 ± 2.46b 4.84 ± 12.80b

T2 19.24 ± 1.96c 9.65 ± 13.97c

T3 17.71 ± 2.33d 23.38 ± 35.06d

2 T0 19.02 ± 2.46a 4.84 ± 12.80a

T1 16.92 ± 3.15b 1.49 ± 3.71b

T2 21.70 ± 1.99c 5.66 ± 6.93c

T3 19.40 ± 1.90d 3.70 ± 5.24d

3 T0 19.02 ± 2.46a 4.84 ± 12.80a

T1 16.92 ± 3.15b 1.49 ± 3.71b

T2 21.70 ± 1.99c 5.66 ± 6.93c

T3 19.40 ± 1.90d 3.70 ± 5.24d

a,b,c,d : Different letters indicate statistically significant differences between the
different sampling period.
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p = 0.004), however no significant difference was ob-
served in E. coli counts on samples.
The rain fall amounts were similar between the trans-

planting day, one week before harvest and at harvest
(Mann-Whitney U Test, p = 0.064 and p = 0.426, respect-
ively). However, two weeks before harvest the amount of
rain fall was statistically higher when compared to one week
before and at harvest (Mann-Whitney U Test, p < 0.01 for
both), but the E. coli counts remained similar.

Diagnosis of the current good agricultural practices and
management system
The context of the farmers appraised revealed that the
conventional lettuce farms had a high risk context to-
wards microbiological safety and crop hygiene. The cal-
culated averages for product and process characteristics
reached an index of 3.0 for all the three farms, because
they have similar products and production practices
(Table 4).
Indicators of organization & chain processing scored

2.46 (farm 1), 2.69 (farm 2) and 2.54 (farm 3), indicating
moderate to high level of risk (Table 4). The riskiness of
the organization of the farms was very similar, except for
the indicators ‘technical staff of the farm’ and ‘variability
in workforce’. Farm 1 had a stable workforce and add-
itionally technological insights were as well present. At
farm 2 also a good technological staff was present, but
the activities had to rely on part time working personnel.
For farm 3 the situation was rather the opposite. Work-
ing personnel at the premises was already an effective
and a stable workforce for a long period of time. None-
theless, the technological knowledge was not present.
The indicators at level 2 (moderate risk) were ‘extent of
power in supplier relationships’ and ‘logistic facilities’ for
all three farms. However, all the other indicators were
classified as at high risk level (level 3) for the three farms
(sufficiency of operator competences, extent of manage-
ment commitment, degree of employee involvement,
level of formalization, sufficiency supporting information
systems, food safety information exchange, and inspec-
tions of food safety authorities).
The indicated levels of the control activities in the

good agricultural practices of the farms are specified in
Table 4. The mean score of the design or set-up of con-
trol activities was 1.53. An indication that these activities
were absent (level 1) or conducted on a basic level, using
historical and common knowledge (level 2), and no sec-
tor information or information from suppliers was ap-
plied (level 3), nor tailored to the farms own situation
(level 4).
The profiles were very similar for all the three farms,

though farm 3 differs from farms 1 and 2 on ‘partial
physical intervention’ (rinsing step), because rinsing of
the lettuce crops was not conducted at farm 3. Farms
were operating mainly at basic level (level 1) with
regards to items related to ‘equipment hygienic design
maintenance program’, ‘sanitation program’, ‘packaging
equipment’, ‘water control’, ‘sampling for microorgan-
isms’, ‘analyzing methods for pathogens’ and ‘corrective ac-
tions’. An indication that all these control activities were
not in place on the three farms (Table 4).
The indicators ‘storage facilities’, ‘personal hygiene’,

‘raw materials control’, ‘fertilizer program’, ‘irrigation
method’ were classified at level 2. That level suggests
that these activities were performed based on the know-
ledge of the farmers and not based on inputs from
guidelines, sector organizations or government (Table 4).
For the farms at which rinsing of the lettuce heads was

implemented after harvest (farms 1 and 2), the rinsing
was also done based on their individual knowledge. Sup-
plier control of the seedlings and manure composting
were well achieved (level 3, best situation) because all
farms bought seedlings from the same supplier and fer-
tilizers had been already composted over 90 days before
arrival to the farms.
Moreover, the actual operation of control activities

was lower (averages of 1.43 for all three farms – Table 4)
compared to the design or set-up of the control mea-
sures. This situation is indicating that the control mea-
sures were not implemented and applied in practice.
Only the indicator ‘compliance to producers’ received a
level 2, because the growers comply to their own work-
ing method.
Also assurance activities such as ‘translation of stakeholder

requirements’, ‘use of feedback information’, ‘validation
activities’ and ‘verification activities’, ‘documentation
system’ and ‘record keeping’ were not present or had



Table 3 Sampling location, sample type, number of samples and results for microbiological analysis

Hygiene indicators Pathogen indicator

E. coli (mean and stdv) Number of samples per E. coli counts Salmonella E. coli
O157:H7

CSL Sample n <1.0 log ≥1.0 and < 2.0 log ≥2.0 and < 3.0 log A/P* A/P*

1 Manure 9 1.11 ± 0.33 cfu/g 8 0 1 A A

2 Manured soil 9 <1.00 ± 0.00 cfu/g 9 0 0 A A

3 Soil 27 1.05 ± 0.20 cfu/g 23 3 1 A A

4 Seedlings in soil 3 1.43 ± 0.75 cfu/g 2 0 1 A A

5 Seedlings 3 1.00 ± 0.00 cfu/g 2 1 0 A A

6 Lettuce 27 1.06 ± 0.22 cfu/g 23 3 1 A A

7 Lettuce after washing 6 1.00 ± 0.00 cfu/g 5 1 0 A A

8 Rinse water 2 1.00 ± 0.00 MPN/100 ml 2 0 0 A A

9 Irrigation water source 12 1.03 ± 0.012 MPN/100 ml 10 2 0 A A

10 Irrigation water from tap 12 1.04 ± 0.12 MPN/100 ml 10 1 1 A A

11 Swab of farmers’ hands 9 1.00 ± 0.00 cfu/25 cm2 9 0 0 - -

12 Swab of transport boxes of lettuce 9 1.00 ± 0.01 cfu/25 cm2 9 0 0 - -

Total 128 112 11 5 - -

* A: absent in 25 g or 25 ml; P: presence in 25 g or 25 ml; stdv: standard deviation.

Bartz et al. International Journal of Food Contamination  (2015) 2:7 Page 6 of 13
not been yet developed. An indication that the farms
could not demonstrate that they were working cor-
rectly (mean level of 1 for all).
The system output of the current good practices for the

conventional lettuce farms was also low (mean 1 for all
the three farms). The reason for this was that no informa-
tion was available about the system output: no inspection
or audit was performed, no samples (for microbiological
or chemical analyses) were taken, no visual quality was
evaluated, and no non-conformities were recorded or
evaluated. Consequently no actual evaluation of the sys-
tem output could be completed (Table 4).

Discussion
In the present study low levels of microbiological con-
tamination were found in samples collected from small
Figure 1 Overview of the performance of Escherichia coli enumeration
and one week before harvest and at harvest.
farms producing conventional lettuces in Southern
Brazil, even though a high risk context towards microbio-
logical safety and crop hygiene was verified in all of them
based on the self-assessment questionnaire. These differ-
ent results may indicate that some good agricultural prac-
tices were in place, however no formal control was
applied.
For example, low levels of contamination and the ab-

sence of Salmonella spp. and E. coli O157:H7 observed
in manure were attributed to the fact that all farms pur-
chased manure from commercial suppliers, which was
already composted for over 90 days. Several authors de-
scribed that adequate composting time will effectively
reduce contamination (Oliveira et al., 2012; Fischer-Arndt
et al., 2010; James, 2006; Millner, 2003; MAFF, 2000) and
particular pathogens like E. coli and Salmonella spp. can
among farms in manure, manured soil, soil seedling, soil two



Figure 2 Overview of the performance of Escherichia coli enumeration among farms in seedling, lettuce two and one week before
harvest, lettuce at harvest and rinsed lettuce at harvest.
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survive at maximum to 90 days in soil as well as in ma-
nure (Heaton and Jones, 2007; Nicholson et al., 2005).
Moreover, the composted manures used at farms were

added to the soil at least two weeks prior setting the
seedlings into the field and after that no more manure
was applied to supply nutrients to the lettuce plants.
Also in the evaluation of the current good agricultural
practices related to manure management, indicator
‘organic fertilizer program’, a moderate level 2 was
given for the three farms, indicating that they used
and manipulated manure based on generic knowledge
from their suppliers (Table 4).
At planting and at harvest, all E. coli counts were

below the detection limit (<1.00 log10 CFU/g), demon-
strating good quality of lettuce seedlings and final prod-
uct (lettuce) in attendance to the parameters of the
Brazilian legislation (Brasil, 2001) that sets 102 CFU/g as
the maximum acceptable limit for E. coli counts. The
fact that no E. coli was detected on lettuces can be at-
tributed to the low pressure of E. coli in the manure,
manured soil around the crop and low contamination of
the irrigation water. Corroborating these results, EFSA
(2014) reported that several reasons can be attributed to
the variation in E. coli numbers on leafy greens and the
relationship between primary production practices and
numbers of E. coli in final product is very variable. Even
though, it is difficult to define which is the main cause
of this variation, the microbial quality of manure and ir-
rigation water are frequently cited (EFSA, 2014).
In the present study, the water supply was considered

a high risk (Table 4), especially because the water came
from ponds (Richardson et al., 2009) and there was no
further treatment, however water sampled from ponds,
sprinklers and rinsing tanks presented low levels of con-
tamination by E. coli. All analyzed samples were in ac-
cordance with the Brazilian regulation for irrigation of
vegetables (CONAMA, 2005), which establishes a limit
of 2 × 102 CFU/100 ml for thermotolerant coliforms.
Similarly, no Salmonella spp. or E. coli O157:H7 were
isolated from any of the analysed water samples. In a dif-
ferent study conducted in organic farms of the same re-
gion of Brazil (Rodrigues et al., 2014), the presence of
Salmonella spp. and E. coli O157:H7 was detected in
two samples (irrigation and rinsing tank water), after a
flooding event. It is important to mention that in the
farms investigated in the present study, the water supply
(ponds) and the crop fields were located in elevated
areas were flooding could not occur. Other authors ob-
served the influence of flooding in the variation of path-
ogens levels (Liu et al., 2013, Castro-Ibañez et al., 2013;
Cevallos-Cevallos et al., 2012; Tirado et al., 2010; Franz
et al., 2005; Girardin et al., 2005; Rose et al., 2001).
Water has been identified as the source of microbial

contamination of several foodborne outbreaks involving
leafy vegetables around the world (Itohan et al., 2011;
Delaquis et al., 2007; Beuchat, 1996). Pathogenic bacteria
such as E. coli O157:H7 are often associated with out-
breaks of waterborne diseases, resulting from inadequate
treatments of the water used for irrigation and rinsing of
fruits and vegetables (Levantesi et al., 2012; Moyne et al.,
2011). Furthermore, in the present study, farms 1 and 2
used the same irrigation water source to rinse the let-
tuces after harvest. At farm 3 no rinsing of the lettuce
heads did take place. The results indicated that no sig-
nificant differences were observed for E. coli counts
before, after or without the rinsing procedure, even
though the water supply was considered a high risk of
contamination (Table 4) and there was no water control.
No pathogens were identified in any crop sample and

no increases in the microbial counts were as well ob-
served after the rinsing process, demonstrating just the
opposite in our study of what was ascertained in a study
conducted by Antunes (2009).
Regarding organization and chain characteristics (Table 4),

the technological staff present in farm 1 had received tech-
nical support provided by local government (city), while in



Table 4 Scores and calculated mean attributed to the indicators of food safety management system

Indicators Farm1 Farm 2 Farm 3 Description of situation

I. Context factors (overall)a

Product and process characteristics

Risk of raw materials microbial 3 3 3 Seedlings and manure purchased from commercial
suppliers without any Good Agricultural Practice
implemented. Irrigation water without any treatment.
Seedlings in direct contact with soil.

Risk of final product microbial 3 3 3 The lettuces crops growing in direct contact with soil
and without covering.

Production system 3 3 3 Open cultivation field and contact with soil.

Climate conditions 3 3 3 The farms were located in subtropical areas, with
uncontrolled climate conditions.

Water supply 3 3 3 All producers used water from ponds, without treatment.

Mean product and process 3,00 3,00 3,00

Organization and chain

Presence of technological staff 2 3 3 Farm 1 had technical support provided by government
department (of the city). Farm 2 and 3 had no technical
support.

Variability in workforce composition 1 3 1 Farm 2 had a high turnover of employees and temporary
operators were commonly used. Farm 1 and 3 had low
turnover, with occasonaly temporary operators.

Sufficiency of operator competences 3 3 3 Operators with no training in food safety control, only
practice experience in the field.

Extent of management commitment 3 3 3 All three farms had no written food safety policy and
no official quality team.

Degree of employee involvement 3 3 3 There was no safety control sistems implemented in
the farms.

Level of formalization 3 3 3 No meetings sistem implemented for instructions
communication exist in all producers.

Sufficiency supporting information systems 3 3 3 None of the producers had standard information
system for food safety control decisions.

Severity of stakeholders Requirements of 3 3 3 Steakholders did not ask for any QA requirements.

Extent of power in supplier relationships 2 2 2 All farms required from their manure suppliers to
compost the manure as a prerequisit for purchase.

Food safety information exchange 3 3 3 No sistematic exchange of information on food
safety issues were done with the suppliers of the
three producers.

Logistic facilities 2 2 2 Transport of the final products to the distributer
done by trucks in protected conditions (covered)
but room temperature.

Inspections of food safety authorities 3 3 3 Never a inspection were done in the three farms.

Supply source of initial materials 1 1 1 Only local suppliers of major initial materials

Mean organisation and chain 2,46 2,69 2,54

II. Control activities designb

Hygienic design of equipment and facilities 1 1 1 None specific hygienic design required for
equipement and facilities among the producers.

Maintenance and calibration program 1 1 1 No manteinance and calibration program apllied
in any of the producers.

Storage facilities 2 2 2 Storage was made in ambient conditions in all farms.

Sanitation program(s) 1 1 1 The producers had no specific sanitation program
implemented.
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Table 4 Scores and calculated mean attributed to the indicators of food safety management system (Continued)

Personal hygiene requirements 2 2 2 No specific hygiene instructions were followed by the
operators but washing facilities and toillets were available
next to the field in all farms.

Incoming material control 2 2 2 Incoming material control was done by visual inspections
based on historical experience in all farms.

Packaging equipment 2 2 2 Use of non specific plastic boxes to pack the lettuce.

Supplier control 2 2 2 The farms had no specific pre requisites for supplier selection.

Organic fertilizer program 2 2 2 Pre composted manure purchased from local suppliers
in all producers.

Water control 1 1 1 There was no water control in all farms.

Irrigation method 2 2 2 All producers used sprinkler as the irrigation method.

Partial physical intervention 2 2 1 General partial physical intervention applied by washing
the lettuce and external leaves removed

Analytical methods to assess pathogens 1 1 1 The presence of pathogens were never analyzed by
any of the producers.

Sampling plan for microbial assessment 1 1 1 The producers had no sampling plan implemented.

Corrective actions 1 1 1 The farms had no corrective actions described.

Mean control activities design 1,53 1,53 1,53

III. Control activities operationb

Actual availability of procedures 1 1 1 The procedures were not documented in all the three farms.

The actual of compliance to procedures 2 2 2 The operators executed tasks according to their own
experience and ad-hoc basis.

Actual hygienic performance of equipment
and facilities

1 1 1 The hygienic design is not considered to be important
for food safety.

Actual storage/cooling capacity 1 1 1 The farms had no cooling storage facility available.

Actual process capability of partial physical
intervention

2 2 2 The partial physical intervention were done without
standard parameters and no control charts.

Actual process capability of packaging 2 2 2 Packaging were done without regular parameters and
based on the lettuce size.

Actual performance of analytical equipment 1 1 1 No analytical analyses were done in all farms.

Mean control Activities operation 1,43 1,43 1,43

IV. Assurance activitiesb

Translation of stakeholder requirements into
own HSMS requirements

1 1 1 Stakeholder requirements were not present in all three farms.

The systematic use of feedback information
to modify HSMS

1 1 1 The farms had no HSMS implemented.

Validation of preventive measures 1 1 1 The producers had no preventive measures implemented
and validated.

Validation of intervention processes 1 1 1 Intervention processes have never been validated and
were done based on their own knowledge.

Verification of people related performance 1 1 1 The producers had no documented procedures described,
so no verification was done.

Verification of equipment and methods
related performance

1 1 1 No procedures of verification for equipment and methods
were preformed in all producers.

Documentation system 1 1 1 Documentation were not available in all the farms.

Record keeping system 1 1 1 no record keeping system were present in all three farms.

Mean assurance activities 1,00 1,00 1,00

Food safety management system Outputc

Food safety Management System evaluation 1 1 1 No inspection or audit of the Food Safety Management
System were done in all produceres.
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Table 4 Scores and calculated mean attributed to the indicators of food safety management system (Continued)

Seriousness of remarks of remarks 1 1 1 Audits on HSMS were never performed.

Hygiene related and microbiological
food safety

1 1 1 No records of hygine related and microbiological food
safety complains were available in the farms.

Chemical safety complaints of customers 1 1 1 Chemical complains records were not avalilable in the
producers.

Typify the visual quality complaints 1 1 1 No records about quality complaints were available in
the farms.

Product sampling microbiological performance 1 1 1 The microbiological performance is not known once
no microbiological analyses were done on regular basis.

Judgment criteria microbiological 1 1 1 Microbiological analyses were not performed in the farms.

Non conformities 1 1 1 The performance of the HSMS was not possible once
no coformities registration were available

Mean food safety output 1,00 1,00 1,00
aI Context factors: product and process characteristics and organization and chain characteristics were evaluated based on three risk levels: level 1 (low risk); level
2(medium risk); and level 3 (high risk).
bII Control activities design: evaluates the designs of control activities; III evaluates the actual operation or implementation of control activities; IV evaluates the
assurance activities in good agricultural practices based on four levels: level 1 (non-existing or not implemented); level 2 (activities done at basic level based on
own knowledges and historical information); level 3 (activities implemented based on sector information or guidelines); level 4 (activities adapted and tailored to
the specific situation on the farm).
cIV Food safety system output indicators: evaluation based on external or governmental audits, records, microbial and chemical analysis: level 1 (not done or no
information available); level 2 (limited information available); level 3 (more systematic information is available); level 4 (systematic informations available and good
results are obtained).
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farms 2 and 3 no technical support was given. At the same
time, farm 1 and 3 had a stable workforce, while farm 2
demonstrated a high turnover. Some authors described that
the stability of the workforce can help the companies to pre-
vent food safety questions and problems (Kirezieva et al.,
2013a; Luning et al., 2011). At the same time the other
organization characteristics demonstrated that all farms
were operating in a very low level of organization, what is
common in family based companies (Lunning et al, 2011;
Powell et al., 2011), with the operators without any king of
food safety training, no safety control systems implemented
or written, no standard information about safety control sys-
tems, stakeholders without any quality assurance required,
transport of the final product without temperature control
and no inspection done by official authorities. It is well
known that a trained workforce can help the companies to
implement the good agricultural practices, once the em-
ployees know their responsibilities with the food safety
issues (Kirezieva et al., 2013b) and that governmental
inspections are also important to assure the compli-
ance of the companies with the good practices (Jafee
and Masakure, 2005; Kierzieva et al., Kirezieva et al.
2013a). It has also been demonstrated that the practice
of keeping registration and documents in the primary
production level is not usual in other countries (Jevsnik
et al., 2008; Nieto-Montenegro et al., 2008), however, this
could be a good procedure to be implemented in Brazilian
farms in order to reach higher food safety levels.
It might be assumed that the studied conventional let-

tuce farms were in a moderate to high level of risk in
microbiological contamination due to product and
process characteristics (Kirezieva et al., 2013b), once the
seedling where purchased from commercial suppliers
without formal good agricultural practices implemented,
lettuce crops were in direct contact with soil, farmers lo-
cated in subtropical areas without climate conditions
control, there was no treatment of irrigation water, and
the cultivation was in open fields (Table 4). That context
level found in the three farms suggests that a medium to
advanced level of good agricultural practices and man-
agement system should be present in order to have a
good system output as described by authors such as
Osés et al. (2012) and Kirezieva et al. (2013b). However,
the good practices and management of all investigated
farms were informal and very basic, which may implicate
in a high risk of food safety problems (Uyttendaele et al.,
2014). Moreover, in the conventional lettuce farms in-
vestigated, there was no system output because of the
lack of registered information and controls. This results
could be explained because in Brazil there is no govern-
mental requirement for that and producers are not stim-
ulated to make quality records. A similar situation was
observed in organic farms in the same region of Brazil
(Rodrigues et al., 2014). Different circumstances was re-
ported by Kirezieva et al. (2015) for companies located
in the European Union where lower to moderate risk of
production and supply chain context was found because,
among other factors, controlled water sources were used
and the cultivation was done in a protected area. The
microbial load and pressure in the conventional farms
analysed in the present study were lower compared to the
samples collected in organic farms studied by Rodrigues
et al. (2014), who reported higher E. coli counts and
also the presence of Salmonella and E. coli O157:H7.
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The major differences between conventional and or-
ganic farms studied in Southern Brazil were the ma-
nure and composting of manure, which was conducted
by the organic farms themselves with uncontrolled
manner while a good manure management and control
was evaluated for the conventional farms. Also, no ani-
mals were present on conventional farms what may
contributed in the reduction of E. coli pressure on the
water sources. Furthermore, a good water quality was
verified in conventional farms, what was not the case
in the organic ones (Rodrigues et al., 2014).

Conclusions
The use of the risk based sampling plan in combination
with the diagnostic questionnaire allowed to analyse the
microbiological aspects and the status of management
systems of conventional lettuce farms in Southern Brazil.
Although all farms had no formal good agricultural

practices implemented and there was no technical sup-
port in any of them, the microbial parameters showed
very low levels of contamination, including the final
products (lettuce heads). These results are plausible for
the reason that Brazilian regulatory bodies do not en-
force the implementation of good agricultural practices,
nonetheless farmers are frequently aware that farm
organization and hygienic procedures are necessary in
order to maintain food safety and good productive levels.
As an example, all analyzed farms had toilets near to the
fields, providing adequate personnel hygienic practices.
Further, the farms did not raise animals such as cows,
pigs and hens, ultimate sources of cross contamination
of the fields, remarkably, as a consequence of rain falls.
In addition, the fields were located in areas where flood-
ing was not possible. Another important aspect to take
into account, concerning the organic fertilizer that was
appropriately composted, not impacting on the contam-
ination of the crops. Similarly, the good quality of the
irrigation waters used, evidenced by the microbial ana-
lyses, did not influence the contamination of the final
product.
Good practices should be applied during all food

chain, farm to fork. It has been observed that in the last
years, outbreaks caused by fresh produce are increasing
around the world, suggesting that, in that particular step
of the chain, primary production, more efforts are needed
in order to get more safety.
Even though the fact that all the microbial results were

very low and no pathogen was determined in any of the
analysed samples, attention should be given to the re-
sults of the self-assessment questionnaire that indicated
moderate to high risk levels at all farms. These different
results are important in order to provide information
about the actual status of contamination (microbial sam-
pling plan) and possible food safety problems in the
future based on the results given by the questionnaire.
Furthermore, the results of this study also highlighted the
necessity to provide more safety during the fresh produce
cultivation, based on the bottlenecks identified by the self-
assessment questionnaire, being formal good agricultural
practices implementation an important start to the fresh
produce farms in Brazil, as well as to adopt a higher level
of control activities in order to achieve lower risk levels.
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