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RESUMO

A busca por alimentos saudaveis, seguros e sustentaveis tem levado a um grande
aumento do consumo de alimentos organicos, em todo o mundo. Embora esses
alimentos sejam claramente menos expostos aos perigos quimicos, diversos estudos
tém demonstrado contaminagdo microbioldgica significativa em produtos como as
alfaces organicas, as quais sdo amplamente comercializadas. Dessa forma, o
objetivo deste estudo foi avaliar a cadeia produtiva de alfaces organicas no sul do
Brasil, através de andlises microbiolégicas e dos sistemas de gestdo da inocuidade,
buscando identificar possiveis medidas de intervencédo a partir do ponto de vista da
seguranca dos alimentos. Trés propriedades rurais de alface organica foram
analisadas, utilizando as ferramentas Horticultural Assessment Scheme (HAS) e
Horticulture Safety Management System Diagnosis (HSMS-DI). Amostras de adubo,
solo adubado, mudas de alface, alface, agua de irrigacao e lavagem foram coletadas
ao longo da cadeia produtiva, seguindo a ordem de inicio do plantio, durante o
crescimento e na colheita das alfaces. As analises microbiolégicas foram realizadas
segundo o protocolo do HAS e normas internacionais. Para avaliagdo dos sistemas
de gestdo de seguranca dos alimentos a ferramenta de diagnéstico HSMS-DI, com
58 questdes, foi aplicada em cada propriedade rural. As Informagdes obtidas no HAS
e HSMS-DI foram combinadas e um diagnéstico de cada propriedade foi elaborado,
assim como foram sugeridas medidas de interven¢édo. Os resultados do HSMS-DI
indicaram que as propriedades rurais apresentavam clara organizacdo e forte
embasamento quanto a prevencdo dos riscos quimicos, no entanto estavam
operando em um contexto de risco microbioldgico moderado a elevado. Os
resultados obtidos com 0 HAS demonstraram contaminacdo por microrganismos de
origem fecal em diversas amostras, além disso, foi detectada a presenca de E. coli
0157:H7 na 4gua de irrigacéo e lavagem das alfaces, e a presenca de Salmonella
em adubo. Estes resultados demonstraram a existéncia natural e inerente de fontes
de contaminagdo microbioldgica na cadeia de producdo de alfaces organicas.
Contudo, destaca-se a necessidade de maior apoio aos produtores organicos,
principalmente na implementagdo de medidas de controle da compostagem dos

adubos e na qualidade da agua de irrigacao e lavagem dessas propriedades.



Palavras-chave: Alface organica. Contaminacao microbioldgica. Sistemas de gestédo

de seguranca na horticultura.



ABSTRACT

The search for healthy, safe and sustainable food has led to a large increase in the
consumption of organic foods worldwide. Although these foods are clearly less
exposed to chemical hazards, several studies have demonstrated significant
microbial contamination in products such as organic lettuces, which are widely
marketed. Thus, the aim of this study was to evaluate the production chain of organic
lettuce in southern Brazil, through microbiological analyses and safety management
systems in order to identify potential measures from the point of view of food safety.
Three rural properties of organic lettuce were analyzed using the Horticultural
Assessment Scheme (HAS) and the Horticulture and Safety Management System
Diagnosis (HSMS-DI) tools. Samples of compost, fertilized soil, lettuce seedlings,
lettuce, irrigation and wash water were collected along the production chain, following
the beginning of the planting, the growing and the harvesting of lettuce.
Microbiological analyzes were performed according to protocol HAS and international
standards. For evaluation of the food safety management, the diagnostic tool HSMS-
DI, with 58 questions, was administered to each farm. Information collected on HAS
and HSMS-DI was combined and a diagnosis of each property was developed, as
were suggested intervention measures. The results of the HSMS-DI indicate that the
farms had clear and strong organizational foundation for the prevention of chemical
risks, however, were operating in a context of moderate to high microbiological risk.
The results obtained with the HAS showed contamination by microorganisms of fecal
origin in several samples, furthermore, we detected the presence of E. coli 0157: H7
in irrigation and wash water, and the presence of Salmonella in manure. These
results demonstrated the existence of inherent and natural sources of microbiological
contamination in the production chain of organic lettuces. However, there is a need
for greater support for organic producers, especially in the implementation of control
measures for fertilizer composting and in the quality of irrigation and wash water of

these properties.

Keywords: Chain Lettuce Organic. Horticultural Assessment Scheme. Horticulture

Safety Management System.
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1 INTRODUCAO

A busca por alimentos saudaveis, seguros e sustentaveis tem levado a um
grande aumento do consumo de alimentos organicos, os quais nao utilizam
agrotoxicos, adubos quimicos e outras substancias téxicas e sintéticas comumente
encontrados na agricultura convencional. Um dos principais objetivos da agricultura
organica é a producdo de alimentos ecologicamente sustentaveis, capazes de
integrar 0 homem ao ambiente. Dentre os alimentos organicos, as alfaces (Lactuca
sativa L) tém se destacado, devido a sua facilidade de aquisicdo e aceitabilidade em
diversas faixas etarias e econémicas de uma populacdo. No Brasil, e em diversos
paises, a alface € uma das hortalicas mais consumidas, tendo grande importancia
econdmica e nutricional.

No entanto, diversos pesquisadores tém demonstrado preocupagdo com a
qualidade microbiologica destes alimentos, pois a contaminagdo microbioldgica de
alfaces pode ocorrer em diversas etapas da cadeia produtiva, independente do tipo
de cultura, organica, hidropbénica ou convencional. Em qualquer modo produtivo, as
condigbes sanitarias sdo muito importantes, uma vez que microrganismos
patogénicos tém sido frequentemente encontrados no solo, adubos, na agua de
irrigacao e lavagem.

Dentre as fontes de contaminacdo de alfaces, a agua de irrigacdo tem
recebido destaque, pois na maioria das vezes, a agua utilizada na irrigacdo é
proveniente de rios, corregos, lagos ou poc¢os adjacentes as hortas e podem estar
contaminadas com bactérias patogénicas, como Salmonella spp. e E. coli O157:H7.
Além disso, muitas vezes, a populacdo consumidora néo higieniza adequadamente
0s produtos organicos antes de consumi-los, uma vez que deposita grande
confianga nos mesmos.

Conforme alguns estudos, as Doengas Transmitidas por Alimentos (DTA)
envolvendo vegetais crus tém aumentado ao longo dos anos, sendo 0s principais
agentes envolvidos a Salmonella e E. coli O157:H7.

Em virtude deste aumento das DTA envolvendo produtos vegetais frescos, a
Unido Européia elaborou um projeto de pesquisa denominado Veg-i-Trade (VEG-I-
TRADE, 2009), o qual tem o objetivo de avaliar a influéncia das mudancas climaticas
e da globalizacdo na seguranca de produtos vegetais. Este projeto, do qual o Brasil

faz parte através da Universidade Federal do Rio Grande do Sul (UFRGS), utiliza
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uma ferramenta denominada Horticultural Assessment Scheme (HAS) para avaliar
microbiologicamente a cadeia produtiva de produtos de origem vegetal. O HAS tem
o objetivo de fornecer informacdes microbiologicas de hortifrutigranjeiros e demais
amostras da cadeia produtiva desses produtos, sem ter a ambicdo de realizar
amostragens estatisticamente embasadas, as quais seriam praticamente
impossiveis em um pais com as dimensdes do Brasil. Por outro lado, o HAS pode
fornecer informacBes importantes a respeito da cadeia produtiva de vegetais,
proporcionando a tomada de decisbes que podem contribuir na seguranca dos
alimentos (HOLVOET, et al. 2011).

Ainda dentro do projeto VEG-I-TRADE, outra ferramenta foi desenvolvida com
0 objetivo de fornecer informacdes sobre os sistemas de gestdo de seguranca de
vegetais, em cada propriedade avaliada. Essa ferramenta foi chamada de
Horticulture Safety Management System Diagnosis (HSMS-DI), e juntamente com o
HAS, foi utilizada no presente estudo para avaliar a cadeia produtiva de alface

organica do sul do Brasil.
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1.2 OBJETIVOS

1.2.1 Objetivo geral

Avaliar a cadeia produtiva de alface organica no sul do Brasil, através de
analises microbiologicas e informacdes sobre os sistemas de gestdo da inocuidade

desses produtos.

1.2.2 Objetivos especificos

a) Analisar amostras de alface organica, agua de irrigacdo, amostras de solo,
mudas de alface, manipuladores, adubo e superficies que entram em contato
com alfaces organicas, seguindo a ferramenta HAS;

b) Investigar as caracteristicas dos sistemas de gestdo de inocuidade
implementados na cadeia produtiva de alface organica, através do HSMS-DI;

c) ldentificar os principais problemas relativos a inocuidade e propor medidas de
controle de seguranca dos alimentos, dentro da cadeia produtiva de alface

organica;
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1.3 REVISAO BIBLIOGRAFICA

1.3.1 Cultura da alface

A alface (Lactuca sativa L) € uma das espécies mais antigas cultivadas pelo
homem, sendo citada desde 4500 a.C. como planta medicinal, e desde 2500 a.C.
como hortalica. Pertence a familia Asteraceae, originaria de clima temperado. E uma
planta herbacea, muito delicada, com caule diminuto, ndo ramificado, ao qual se
prendem as folhas. Estas séo grandes, lisas ou crespas, fechadas em forma de
cabeca. Sua coloragdo varia do verde amarelado até o verde escuro, tendo algumas
variacfes de cor nas extremidades (MORETTI; MATTOS, 2006; FILGUEIRA, 2003).

A alface é classificada comercialmente nos seguintes tipos: Americana,
Crespa, Lisa, Mimosa e Romana. Desses tipos, o mais consumido é a alface
Crespa, sendo a hortalica folnosa mais consumida do Brasil. Estima-se que seja
cultivada em 35 mil hectares, na maioria dos casos, em pequenas propriedades em
areas periurbanas ou nos cinturbes verdes dos grandes centros. Seu volume de
producdo chega a dois milhdes de toneladas (EMBRAPA, 2008; COSTA, SALA,
2005).

A alface orgénica é cultivada durante o ano todo, em canteiros de terra
adubada com composto organico, e de maneira geral, os pés permanecem em
contato com o solo durante todo o seu desenvolvimento. Além disso, necessita de
um ambiente Umido, o que requer a pratica de irrigacdo durante este periodo de
desenvolvimento. Esta caracteristica da producdo favorece o desenvolvimento de
microrganismos patogénicos, ressaltando ainda mais a necessidade de avaliar a
cadeia produtiva, pois ao longo desta, diversas podem ser as fontes de
contaminagdo por microrganismos patogénicos, uma vez que esses estdo
frequentemente presentes no solo, na 4gua e nos INsuMOosS naturais, como a cama
de frango e adubos organicos. Com isso, a alface pode ser um veiculo transmissor
de microrganismos para o homem, podendo ser responsaveis por intoxicacdes e
infeccbes alimentares (OLIVEIRA, et al., 2012; ITOHAN, et al., 2011; ARBOS, et al.,
2010; OLIVEIRA, et al., 2010).

Quando se fala em alface organica, a preocupacgdo em relacdo a contaminacao
por microrganismos pode ser ainda maior, uma vez que a mesma € sempre

consumida crua e a higienizagdo com solucdo desinfetante, muitas vezes, néo
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ocorre por que os consumidores ndo aceitam adicionar um produto quimico em um
produto organico. Além disso, frequentemente o consumidor de produtos organicos
deposita grande confianca na seguranca desses produtos, pensando, erroneamente,

gue 0s mesmos nao tem perigos bioldgicos. (ABREU, 2010; SILVA, 2005).

1.3.2 Fontes de contaminagéo na cultura da alface

A contaminacdo na alface pode ocorrer em diversas etapas do cultivo ou ter
origens diferentes, como por exemplo: sementes, solo, adubos, 4gua de irrigacao e
lavagem, colheita, armazenamento e distribuicdo. A seguir, algumas dessas fontes

serao abordadas.

1.3.2.1 Sementes

A qualidade da semente € fundamental em uma producdo, e uma atencao
especial deve ser dada a semente. As sementes devem ser obtidas junto as
empresas de sementes ou instituicbes de pesquisa, utilizando preferencialmente
sementes certificadas. A selecédo de plantas e frutos mais uniformes e sadios para
retirada de sementes é essencial para obtencdo de um fruto sadio, ja que sementes
de baixa qualidade tendem a originar campos desuniformes e problematicos, com
baixo padréo tecnolégico e com baixos niveis de produtividade e de qualidade da
producao pretendida (NASCIMENTO, 2005).

A qualidade fisiol6gica das sementes é determinada pela germinacéo e o vigor,
gue € o conjunto de caracteristicas que determinam o potencial fisiolégico das
sementes em diferentes condicdes. A qualidade fisica est4d relacionada
principalmente com a pureza das sementes. JA os contaminantes biologicos das
sementes sdo 0s insetos e 0s microrganismos causadores de doencas, tais como as
bactérias e fungos (NASCIMENTO, 2005).

Recentemente, em 2011, na Europa, principalmente na Alemanha, ocorreu um
grave surto, envolvendo sementes germinadas de broto de feno grego contaminadas
por uma bactéria denominada E. coli 0104:H4, no qual mais de 3 mil pessoas foram
atingidas, das quais 46 morreram (MELLMANN et al 2011). Segundo as
investigacbes realizadas para identificar a possivel fonte de contaminacdo das

sementes, foi identificado que a contaminacdo ocorreu durante o cultivo ou
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armazenamento das sementes. As sementes podem conter baixos niveis de
bactérias patogénicas, contudo durante o processo de germinacgédo, estes patégenos
presentes nas sementes podem rapidamente atingir niveis elevados, devido a
combinacédo de umidade e temperatura e que ao longo do cultivo esta contaminacéo
pode permanecer e causar contaminacdo do alimento como produto final (VEG-I-
TRADE, 2011; WHO, 2011; MELLMANN et al. 2011).

1.3.2.2 Agua de irrigagéo

A agricultura requer a utilizacdo de grande quantidade de agua para irrigacao,
sendo que as fontes habituais de recursos hidricos para a agricultura sdo as aguas
superficiais provenientes de rios, riachos, represas e lagos ou desvios destes
através de valas e canais de irrigacdo, bem como aguas subterraneas provenientes
de furos ou pocos. A qualidade microbiolégica da agua e o consequente risco de
contaminacgéo das culturas variam conforme a fonte de agua e as praticas agricolas
utilizadas (OLIVEIRA, et al., 2012; GELTING et al. 2011; JAMES, 2006; GOMBAS et
al., 2006; LIMA et al., 2005).

No Brasil sdo utilizadas como fonte de irrigacdo aguas provenientes de rios,
cOrregos, lagos ou pocos adjacentes as hortas, e esta agua € transportada através
de bombas ou canais desde o rio e riacho até as hortas, sem qualquer tratamento
prévio, favorecendo a contaminacéo dos alimentos (OLIVEIRA; GERMANO, 1992).

Segundo a FAO (2008) a avaliacdo da qualidade da agua de irrigacao torna-se
muito importante, pois esta é considerada um dos principais veiculos de
enfermidades diarréicas de natureza infecciosa. As doencas de veiculacdo hidrica
sdo transmitidas pela rota oral-fecal, através da ingestdo de agua ou até mesmo
alimentos contaminados por microrganismos e enteroparasitas (AMARAL et al.,
2003).

O risco da contaminagdo da agua de irrigacdo na agricultura é alto, pois o
fornecimento encontra-se muitas vezes, proximo de fontes de contaminacdo como
pastagens ocupadas por animais, deposi¢cdo de residuo organico animal no solo, a
proximidade de esgotos e fossas, e até mesmo pelo escoamento superficial durante
o periodo de chuva, que é responsavel pelo transporte de dejetos indesejaveis para
as fontes de agua (GELTING et al. 2011; FAYER et al., 2000).



21

O estudo de Guimarées et al. (2003) constatou a presenca de coliformes
termotolerantes em todas as 81 amostras de agua retiradas de 44 propriedades
rurais na cidade de Lavras-MG. O estudo de Lima et al. (2005) demonstrou que a
utilizacdo de esgoto apenas decantado gerou maior contaminacdo nas alfaces,
ressaltando que seu uso deve ser evitado na irrigagdo de hortalicas devido a
deficiente qualidade sanitéria, pois pSe em risco a saude dos agricultores,
manipuladores e consumidores.

Em 2005, na Suécia, um surto que envolveu 120 casos de contaminacgéo por E.
coli O157:H7 foi associado ao uso de 4gua contaminada de um pequeno riacho. Nos
EUA e Canadéa, em 2006, ocorreu um surto devido ao consumo de espinafres-baby
pré-embalados, que envolveu 205 casos, dos quais 103 foram hospitalizados, 31
desenvolveram sindrome hemolitica urémica (HUS) e trés faleceram. As
investigacOes efetuadas concluiram que entre as potenciais fontes de contaminacao
encontrava-se a agua de irrigacdo na qual foi detectada a estirpe epidémica
(SANTOS, 2009).

Surtos alimentares envolvendo vegetais folhosos contaminados por agua sao
relatados por diversos estudos no mundo inteiro (OLIVEIRA, et al., 2012; GELTING
et al. 2011; BERALDO, FARACHE FILHO 2011; DELAQUIS et al., 2007; BEUCHAT
et al., 1996). Bactérias patogénicas tais como a E. coli 0157 H:7 presentes em
residuos animais sdo os mais frequentemente associados com surtos de doencas
transmitidas pela agua, resultante de tratamento inadequado da &gua utilizada na
irrigacao e lavagem de frutas e hortalicas (LEVANTESI et al., 2012; OLIVEIRA, et al.,
2012; MOYNE et al., 2011).

No Brasil, a resolucdo n.° 357 do Conselho Nacional do Meio Ambiente
(CONAMA, 2005) estabelece que para a irrigacdo de hortalicas que sdo consumidas
cruas e de plantas frutiferas que se desenvolvem rente ao solo, as 4guas ndao devem
ser poluidas. Diversos estudos (LEVANTESI et al.,, 2012; MOYNE et al., 2011;
GUILHERME et al.,, 1999; FRANCO et al., 2007; BISCARO et al., 2008),
constataram a presenca de coliformes totais em &gua de irrigagdo utilizada na
cultura de alface. De acordo com estes estudos a agua utilizada na irrigagdo € uma
importante fonte de contaminacdo para as hortalicas (LEVANTESI et al.,, 2012;
MOYNE et al., 2011; GUILHERME et al., 1999; FRANCO et al., 2007; BISCARO et
al., 2008).
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1.3.2.3 Solo

O solo é o substrato natural para producédo agricola, servindo como meio para
o desenvolvimento do sistema radicular das plantas, sendo uma importante fonte de
nutrientes minerais para as plantas. Segundo FILGUEIRA (2003) as culturas
necessitam encontrar no solo treze ou mais nutrientes em quantidades adequadas.
Sao eles os macronutrientes nitrogénio, fosforo, potassio, célcio, magnésio e enxofre
e 0S micronutrientes boro, zinco, molibdénio, cobre, manganés, ferro e cloro.

Os sistemas de adubagem, tais como a cama de frango, esterco bovino e suino
e adubagem vegetal, fornecem nutrientes imprescindiveis que promovem a
adubacdo do solo e a nutricdo das plantas. Porém, cuidados no manejo desses
residuos sdo indispensaveis para que a producdo de alimentos ndo seja
prejudicada. Estes compostos devem sofrer adequado tratamento, para que ocorra a
sua decomposigdo, tornando-os adequados ao uso. Esse processo refere-se a
compostagem em elevada temperatura e em um periodo de 100 a 120 dias, tempo
necessario para eliminar a maioria dos patdogenos (FISCHER-ARNDT et al 2010;
JOHANNESSEN, 2005; SEDIYAMA et al.,, 2008; DURHAM 2003; GLIESSMAN,
2001; PRIMAVESI, 1990).

Os critérios de reducdo de agentes patogénicos incluem uma temperatura de,
pelo menos, 60 °C, durante trés dias consecutivos, numa pilha, sendo que esta pilha
deve ser revolvida para que ocorra homogeneizacao e eliminacdo dos patégenos.
Este processo elimina quase todos 0s microrganismos patogénicos e ainda mantém
as populacdes que sdo benéficas para a cultura e solo (FISCHER-ARNDT et al
2010; JOHANNESSEN, 2005; JAMES 2006; HUTCHISON et al. 2000). Outro fator
gue aumenta o risco de contaminacdo € a contaminacdo cruzada entre o adubo
compostado com excrementos frescos, sugerindo assim maior controle por parte dos
produtores (JOHANNESSEN, 2005; JAMES, 2006).

Na producdo de vegetais organicos, os produtores rurais utilizam uma grande
guantidade de adubo tratado como fertilizante. No entanto, os mesmos devem estar
atentos para ndo usar adubo fresco, porque isso aumentaria 0 risco de
contaminacao do alimento e ainda este processo tem que ser realizado muito antes
da colheita para que haja tempo suficiente para a eliminacdo do patdégeno, caso
ainda esteja presente (JAMES, 2006).
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Dentre os patdégenos que sdo eliminados na compostagem adequada,
destacam-se a Salmonella e E. coli. Contudo, estes patdégenos ainda estédo
frequentemente envolvidos com surtos envolvendo vegetais (YOSSA, 2010;
OLIVEIRA et al., 2012).

Portanto, o principal cuidado a ser considerado na adubag&o é a inocuidade
dos adubos organicos através da compostagem por um periodo e temperatura
adequados (YOSSA, 2010; JOHANNESSEN, 2005; DANIEL, 2005; ISLAM et al.,
2005; HUTCHISON et al 2000; MILLNER, 2009).

1.3.2.4 Manipuladores

Outra importante fonte de contaminacdo € causada pela manipulacdo que
ocorre no campo devido a falta de higiene pessoal dos agricultores, uma vez que
estes tém contato direto com o alimento durante toda a etapa de producéo e
colheita. A higiene pessoal exerce forte influéncia na transmissdo de bactérias
patogénicas ao alimento (JAMES, 2006; SOARES; CANTOS, 2005).

No campo, diversas sao as situagcdes que levam a contaminacao do alimento
por parte do manipulador, dentre as situacdes destacam-se a falta de sanitario
proximo a lavoura dotado de vaso sanitario e pia de higienizacdo de maos. Esta
deficiéncia leva a contaminacédo da plantacdo com dejetos humanos.

Ainda a falta de cuidados higiénicos durante a producdo e/ou manipulacdo no
campo, amplia os riscos de contaminacao por diversos microrganismos, tais como
Salmonella spp, E. coli, Listeria monocytogenes e Staphylococcus aureus, que séo
microrganismos causadores de doencas transmitidas por alimentos (JAMES, 2006;
ALVES FILHO, 2003).

Outro fator muito importante é a precariedade das condigBes higiénico-
sanitarias de processamento, armazenamento e na distribuicdo das hortalicas, que
favorece a contaminacao de diversos microrganismos, principalmente por E. coli. A
presencga deste microrganismo em alimentos indica contaminacdo de origem fecal,
apontando condi¢des higiénico-sanitarias insatisfatorias. Esta contaminagdo ocorre
principalmente por contato com material fecal ou contatos com superficies
contaminadas (NASCIMENTO; STAMFORD, 2000). Segundo Takayanagui et al.

(2000), as sucessivas manipulacdes aumentam as chances de contaminacao.
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De acordo com Tondo e Bartz (2012), muitas das infecgbes alimentares podem
ser evitadas com a orientacdo do manipulador sobre a higiene pessoal, higiene dos
utensilios usados na producéo e preparo do alimento.

Tondo e Bartz (2012) ressaltam que a falta de cuidados na manipulacdo e
negligéncia com a higiene pessoal, propiciam a contaminacdo dos alimentos, visto
que muitos manipuladores, apesar de terem recebido capacitagdo em praticas
adequadas de higiene, muitas vezes, nao praticam aquilo que aprenderam,

justificando a contaminacédo dos alimentos.

1.3.2.5 Caixas de transportes e embalagens da Alface

O acondicionamento de produtos horticolas em embalagens adequadas
contribui para a reducéo das perdas, para a melhoria do controle higiénico-sanitario,
para maior protecdo e integridade e qualidade do produto, para a maior
racionalidade e economia no transporte e manuseio de mercadorias e para a melhor
apresentacao e conservacao desses alimentos (MILLING et al., 2005). No entanto,
se as embalagens nao forem adequadamente higienizadas entre as utilizacoes,
podem contribuir para a contaminacao dos vegetais acondicionados.

As caixas de madeira tém sido largamente utilizadas na industria alimentar
devido, essencialmente, a sua estabilidade, ao custo, durabilidade e facilidade de
manuseio. No entanto, podem ser consideradas menos seguras, quando
comparadas com outros tipos de materiais utilizados na embalagem de alimentos,
pois a dificuldade de higienizacdo, a possibilidade de ocorréncia de lascas,
provenientes do desgaste do material, e a sua elevada porosidade, que absorve e
retém muitos microrganismos, podem contaminar os alimentos (MILLING et al.,
2005), sendo que a reutilizagéo indiscriminada das embalagens e caixas, contribui
ainda mais para a contaminac&o microbioldgica dos alimentos (SEBRAE, 2010).

1.4 O PROJETO VEG-I-TRADE

Produtos vegetais frescos fazem parte de uma dieta equilibrada e seu consumo
deve aumentar ainda mais nos proximos anos em virtude da busca pela alimentacéo

saudavel. No entanto, devido as doencas transmitidas por estes alimentos, alertas
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tém sido atribuidos para o seu consumo. Preocupados com este cenario, a
Comunidade Europeia, desenvolveu, através do Projeto Veg-i-Trade, plataformas
para a identificacdo do impacto das mudancas climaticas e a globalizacdo do
comércio sobre a seguranca dos alimentos vegetais frescos e derivados. O projeto
enfoca diversos aspectos relacionado a seguranca dos alimentos, destacando a
seguranca microbiana e de seguranca relacionados com os residuos de agrotoxicos
e micotoxinas emergentes (VEG-I-TRADE, 2009).

O projeto Veg-i-Trade ainda, visando um maior panorama da cadeia produtiva
de vegetais, desenvolveu ferramentas de avaliacdo de riscos microbiolégicos e de
gestdo da cadeia produtiva, denominados Horticultural Assessement Scheme (HAS)
e Horticulture Safety Management System Diagnostic (HSMS-DI), respectivamente
(VEG-I-TRADE, 2011).

A associacdo destas duas ferramentas (HAS e HSMS-DI) pode fornecer
informacdes sobre o desempenho da seguranca da producdo primaria, tornando
possivel identificar os principais problemas de producédo e assim propor medidas de
seguranca (VEG-I-TRADE, 2011).

O projeto Veg-i-Trade conta com a colaboracdo de 23 parceiros internacionais,
0S quais sao universidades, institutos de pesquisa e grandes industrias. A
Universidade Federal do Rio Grande do Sul (UFRGS), através do Instituto de
Ciéncia e Tecnologia dos Alimentos (ICTA) e da Faculdade de Agronomia, € a Unica

instituicdo de pesquisa brasileira envolvida no Veg-i-Trade.

1.4.1 Ferramenta HAS - Horticultural Assessment Scheme

O HAS é uma ferramenta que se baseia na estrutura e principios do Sistema
de Avaliacado Microbiana (MAS) desenvolvido por Jacxsens et al. (2011). O MAS foi
utilizado para analisar sistematicamente a qualidade microbiolégica de produtos e
processos em uma empresa. MAS permite obter uma visdo geral em nivel de
higiene, qualidade e seguranca microbiologica de produtos e processos em um
servico de alimentacdo ou em uma industria de alimentos. Com base no MAS, uma
outra ferramenta foi criada para a obtencédo de informacgdes na cadeia produtiva de
vegetais frescos e essa ferramenta foi denominada HAS - Horticultural Assessment

Scheme.
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A ferramenta HAS foi desenvolvida na Universidade de Ghent — Bélgica e esta
sendo utilizada nas investigagbes do Projeto VEG-I-TRADE para avaliar
microbiologicamente a cadeia produtiva de hortifrutigranjeiros, como a da alface. O
HAS tem o objetivo de fornecer uma “visdo de helicoptero” da cadeia produtiva de
hortifrutigranjeiros, sem ter a ambicdo de realizar amostragens estatisticamente
embasadas, as quais seriam praticamente impossiveis quando se avalia a cadeia
produtiva de um pais como o Brasil. No entanto, a HAS pode fornecer informacdes
importantes a respeito dessas cadeias produtivas, proporcionando tomada de
decisbes que podem contribuir na seguranca de alimentos (VEG-I-TRADE, 2011).

O HAS ainda permite obter de forma sistematica, a dimenséo da qualidade,
higiene e seguranca microbioldgica de produtos e processos da cadeia produtiva de
vegetais frescos. Neste processo de avaliagdo microbioldgica, locais criticos de
amostragem sdo determinados e estes sdo analisados durante um periodo que
envolve desde o plantio do alimento até a sua colheita. Neste processo a
amostragem é realizada em trés intervalos de tempo dentro de trés propriedades
rurais a fim de obter um perfil microbiano do processo de producédo (VEG-I-TRADE,
2010). Os resultados obtidos com este plano de amostragem indicardo o perfil de
contaminacdo dentro da cadeia produtiva primaria e identificara os principais
problemas de seguranca dos alimentos. No entanto, o nUmero de amostras no HAS
é limitado para se fazer conclusbes sobre qualquer potencial contaminacdo e
prevaléncias de patdgenos na matéria-prima, processo ou produto final. O HAS nao
tem o objetivo de fazer uma amostragem estatistica de triagem sustentada, mas
pretende obter uma visao dos principais agentes patogénicos envolvidos na matéria-

prima, nas etapas de producao e no produto final.

1.4.2 Ferramenta de diagnostico HSMS-DI - Horticulture Safety Management

System Diagnostic

O comércio global e a complexidade da cadeia produtiva e logistica dificultam a
obtencdo de informacdes sobre a gestdo da seguranca dos alimentos de origem
vegetal. Além disso, ferramentas como o HAS néo fornecem informacdes sobre os
sistemas de gestdo da inocuidade implementados na cadeia primaria. De acordo
com isso, o0 projeto Veg-i-Trade adotou uma ferramenta denominada Horticulture

Safety Management System Diagnostic (HSMS-DI), a fim de coletar informagdes
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sobre os Sistemas de Gestdo da Seguranca dos Alimentos na cadeia de
abastecimento de produtos frescos (VEG-I-TRADE, 2011).

A ferramenta de diagndstico HSMS-DI consiste em um questionario com 58
guestdes com uma abordagem estruturada e documentada para questionar sobre o
estado de seguranca e medidas de controles utilizados pelos produtores rurais
durante a producéo de vegetais frescos. A ferramenta de diagndstico permite obter o
conhecimento dos pontos fortes e fracos das atividades de controle de qualidade
para garantir a seguranca dos alimentos (VEG-I-TRADE, 2011; JACXSENS et al.,
2009).

O HSMS-DI é composto por trés partes principais. A primeira parte consiste em
um diagnostico utilizando um conjunto de indicadores que apresentam trés niveis de
risco com descricbes breves para avaliar o nivel de risco do contexto sobre 0s
produtos, processos, caracteristicas organizacionais e caracteristicas ambientais da
cadeia produtiva. Os indicadores de riscos nos niveis 1, 2 e 3 representam,
respectivamente, situacfes que sdo caracterizadas como baixo, moderado e alto
risco. As Partes Il e lll incluem um diagndstico das atividades com conjuntos de
indicadores que representam, respectivamente, controle e garantia de atividades de
gestédo da seguranca dos alimentos vegetais, com descricdes concisas para indicar o
nivel de atividade que séo utilizadas pelas propriedades rurais. Os niveis 1, 2, 3 e 4
representam situacfes que as propriedades rurais estdo operando em nivel basico,
simples, intermediario ou avancado, respectivamente, quanto aos sistemas de
gestdo de seguranca dos alimentos (OSES et al.,, 2012, VEG-I-TRADE, 2011;
LUNING et al. (2008), LUNING et al. (2009) e LUNINING et al. (2011).

O HSMS-DI foi elaborado para coletar informacgdes por meio de uma entrevista
com a pessoa responsavel pela seguranca dos alimentos das propriedades rurais.
Para cada indicador, os entrevistados tiveram que escolher qual nivel de atividade
mais se assemelha com sua realidade de producéo (LUNING et al., 2009). Quando
utilizados juntos, o HAS e o HSMS-DI podem fornecer informagdes importantes
sobre a distribuicdo microbiolégica e sobre os sistemas de gestdo e controle da
inocuidade de produtos vegetais. Essas informacfes séo suficientes para identificar
0S principais pontos a serem controlados na producdo primaria, direcionando

estratégias para a seguranca dos alimentos.
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2 RESULTADOS

Os resultados do presente estudo estdo apresentados na forma de artigo
cientifico. O subtitulo deste capitulo corresponde ao artigo formatado de acordo com

as orientaces do Food Control onde foi submetido.

2.1 Artigo 1 - Insights in the Microbiological Contamination in the Production of

Organic Lettuce in Southern Brazil
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Abstract

Insights in the microbial contamination in organic lettuce production in Southern
Brazil was achieved by following three organic lettuce farms at Porto Alegre, the
capital city of Rio Grande do Sul State (Southern Brazil) during their lettuce
production. A risk based sampling plan was used three times for each farm
resulting in 132 samples, 44 samples per farm distributed over 6 samples of
seedlings and their soil, 36 samples of lettuce throughout the different growth
periods, 36 samples of soil, 27 samples of irrigation and washing water and 18
samples of food contacts materials (hands of the workers and lettuce collection
recipients). Enteric bacteria such as coliforms and E. coli and the pathogens
Salmonella spp. and E. coli 0157:H7 were analysed. E. coli 0157:H7 was detected
in irrigation and wash waters (2 positive samples out of 27 analysed samples).
Presence of Salmonella spp. was found in 1 sample of 9 samples of manure
applied as organic fertilizer. Generic E. coli was counted in manure, manured soil
and lettuce samples. Along with the microbiological sampling, the performance of
the current implemented food safety management systems in these farms were
evaluated to gain additional insights in potential factors affecting microbiological
contaminations. The combined results of the microbiological sampling and the
insights in the food safety management systems reveal that there are different
sources of microbial contamination along the production chain of organic lettuce,
highlighting the requirement of special control measures on fields, focusing mainly
on composting time of organic fertilizers and on the quality of irrigation and wash

waters.

Key words: Lactuca sativa, organic production, food safety management systems,

Risk based microbiological sampling.
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Introduction
The search for healthy, safe and sustainable food production has increased

the consumption of organic fresh produce. These products should be free of
pesticide residues and other synthetic substances commonly used in conventional
agriculture, such as soluble fertilizers (Aquino & Assis, 2007; Assis & Romeiro,
2002). At the same time that organic products grant lower risks related to chemical
contamination, several investigations have ended up with concerns with reference
to microbiological quality of these foods (Oliveira, Vifias, Usall, Anguera & Abadias,
2012; Oliveira et al., 2010; Abreu, Junqueira, Peixoto & Oliveira, 2010; Abadias,
Usall, Anguera, Solsona & Vifias, 2008; Lotto, 2008; Delaquis, Bach & Dinu, 2007,
Rezende & Farina, 2001). Among organic fresh produce, lettuce (Lactuca sativa L)
stands out due to its continual availability on the market as well as acceptability
indistinctively of age or economic group of the population (Abreu, Junqueira,
Peixoto & Oliveira, 2010; Cometti, Matias, Zonta, Mary & Fernandes, 2004). In
many countries, including Brazil, lettuce is one of the most consumed vegetables,
imparting remarkable economic and nutritional importance (Abreu, Junqueira,
Peixoto & Oliveira, 2010; Mocelin & Figueiredo, 2009; WHO, 2008; Mattos, Moretti,
Chitarra & Prado, 2007).

Lettuce might become a foremost mean of microbiological contamination
due to its imbricate leaves, providing conditions to safekeeping and survival of
microorganisms. The microbiological contamination of lettuce is likely to occur at
several steps of the productive chain, whether it is organic, hydroponic or
conventional production system. For that reason the evaluation of the sanitary
conditions of each production location is of utmost importance. Pathogenic
microorganisms have been frequently detected in soil, fertilizers and irrigation and
rinse waters (Olaimat, A. N., Holley, R. A., 2012; Taban & Halkman, 2011; Oliveira
et al., 2010; Moretti & Mattos, 2006; Oliveira, Vifias, Usall, Anguera & Abadias,
2012; Itohan, Peters & Kolo, 2011; Mocelin & Figueiredo, 2009; Machado, Bueno,
Oliveira, & Moura, 2009; WHO, 2008; llic, Rajic, Britton, Grasso, Wilkins, Totton,
Wilhelm, Waddell & Lejeune, 2012).

According to Mogharbel and Masson (2005), the prevention of
contamination risks is directly linked to Good Agricultural Practices (GAP), which
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can be applied from seeding until harvest. At production areas, the irrigation and
rinse waters have received critical attention as they might be one of the major
sources of microbial contamination. Irrigation and rinse waters might be home of
pathogenic bacteria like Salmonella spp. and E. coli O157:H7. Usually irrigation
and rinse waters are used without any previous treatment when obtained from
rivers, streams, lakes or wells adjacent to the cropping areas (llic, Rajic, Britton,
Grasso, Wilkins, Totton, Wilhelm, Waddell & Lejeune, 2012; Olaimat, A. N., Holley,
R. A., 2012; Salem, Ouardani, Hassine & Aouni, 2011; Abreu, Jungueira, Peixoto
& Oliveira, 2010; Pacheco et al., 2002). Microbiological contamination data in the
lettuce production of Brazil is unknown so far. Therefore, the present study
objectives were to obtain insights concerning management systems and microbial
distribution in the production of organic lettuce in Southern Brazil in order to identify
possible intervention measures from the point of view of food safety and hygiene.
Three farms were selected as case study and were visited three times during their
lettuce production in function of the growth stages in order to gain insight in the
variability of the microbiological contaminations for coliforms, generic E. coli,
pathogenic E. coli O157:H7 and Salmonella spp. Along with the risk based
microbiological sampling plan, a diagnostic tool was applied to get information on
the food safety management systems conducted in the organic lettuce farms and
to link potential microbiological problems to control or assurance activities at farm
level.
2. Material and methods
2.1. Characterization of growers of organic lettuce

Three growers of organic lettuce participated in this study, hereafter
denominated Farm 1, 2 or 3. All the growers were located in the rural area of Porto
Alegre, the capital city of the southernmost State in Brazil. All the production units
were certified by the Organism of Social Control (OSC) and by the Participative
Organization of Organic Compliance (OPAC) of the Southern region of Brazil.
Open field production was done. The organic lettuce seedlings were originating
from the same supplier. There were clear Good Agricultural Procedures (GAP)

implemented at all production units, yet these procedures were neither registered
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nor written down. No formal food safety management system was implemented in
the farms for the duration of the sampling period.

The fertilization system diverged in all three farms. In Farm 1 the fertilizer
came from poultry manure and in Farm 2 horse manure was the source of fertilizer
to the lettuce fields. The grower of Farm 3 prepared his fertilizer by using only
vegetable remainings. The composting time of each of these sources of organic
matter differed: 180 days, 90 days or 60 days at Farm 1, 2 or 3, respectively.

The sprinkler irrigation system at Farm 1 was supplied from collected rain
water and from a nearby pond. At Farm 2 a drip irrigation system was in place. The
water comes from a well from which it was pumped to a storage tank. At Farm 3
the irrigation system was supplied by a pond close to the plantation area from
which water was pumped to a storage tank and from there through a hose the
water was delivered to the lettuce fields.

2.2. Risk based microbiological sampling plan

In order to assess the microbial performance of fresh-cut vegetable
producers, Holvoet, Jacxsens, Sampers and Uyttendaele (2011) developed a
sampling scheme. This sampling scheme was used as a basis to work out the risk
based sampling plan for the lettuce production at farm level from initial materials to
final crops. In function of the time line of the lettuce production visits and sampled
collection was performed. This procedure was followed three times in the three
farms in order to gain information on the variability of the present microbiological
contaminations.

2.2.1. Selected Critical Sampling Locations (CSLS)

A CSL is a spot in the production process at which contamination, growth
and/or survival of microorganisms may occur (Luning et al., 2011; Holvoet,
Jacxsens, Sampers & Uyttendaele, 2011). For organic lettuce, the following 12
CSLs were selected (Figure 1). These CSLs were selected based on potential risk
factors and sources of microbiological contaminations coming from initial materials,
applied water, applied manure and food contact materials being people or
recipients.

2.2.2 Sampling frequency
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Each lettuce grower was followed for three lettuce productions during the
time period of December 2011 until February 2012. This period was the time
required to follow a lettuce crop from the start until its harvest. The timeline of the
sampling is given in Table 1.

2.2.3. Sampling method
2.2.3.1 Water samples

For the sampling of the irrigation water sources at each grower a five liter
sample was collected in a previously sterilized plastic bottle. The bottle was
immersed into the water source to a depth of 20 to 30 centimeters upside down,
and filled by turning it sidewards and upwards in order to avoid superficial
contamination.

For the sampling of irrigation water from tap, again a sample of five liters
was collected into a previously sterilized plastic bottle. Before each collect, a
disinfection of the irrigation water taps was made with ethyl alcohol 70%. After, the
taps were open, letting the water flow for 60 seconds and, only then, it was
collected directly into the sterile bottle. The irrigation water samples were collected
in every of the four visits to each of the three growers.

The lettuce plants were washed in tanks with either potable water supplied
by the public water service department, or from a well or from a pond, at Farm 1, 2
and 3, respectively. After the washing procedure of the harvested lettuces, five
liters of residual rinse waters were collected into a previously sterilized plastic
bottle. The rinse waters were collected only at the last visit and after the harvesting
and washing of the lettuces.

All the samples were transported by car in thermal boxes, under
refrigeration (7° C) in less than one hour to the Food Microbiology and Food
Control Laboratory of the Institute of Food Science and Technology -
ICTA/UFRGS for further analyses. At the laboratory, water samples of 100 mL or
25 mL were retrieved from the five-liter samples collected at the production fields to
be analyzed as described.

2.2.3.2. Soil samples
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Soil samples were collected from a 30 centimeters?2 area around each
sampled lettuce plant. Each soil sample consisted of 200 gram of soil. On every
visit to the growers soil samples were collected. At each production area three soil
samples were taken and pooled to produce on single soil sample of every grower
on every visit. That procedure resulted in a total of nine soil samples analyzed
along the production timeline of lettuces.

The samples were placed in plastic bags and transported by car to
Laboratory for subsequent microbiological analyses.
2.2.3.3. Manure samples

One single fertilizer sample was retrieved from every production area at the
beginning of the production. A 200 g sample was withdrawn from the composting
location and placed directly into sterile plastic bags and transported to the
Laboratory.
2.2.3.4. Sampling of lettuce seedlings

Using sterile plastic bags, 500 g of lettuce seedlings were collected before
transplant as they were delivered by the supplier. The lettuce seedlings were
collected during the first visit to the growers.
2.2.3.5. Sampling of lettuce

The lettuce plants were severed off just above the ground with a cutting
knife previously disinfected with ethyl alcohol 70%. The samples were placed
directly into sterile plastic bags. From each producer, in each of the four visits, nine
samples of lettuce plants were collected randomly take according to a Z profile in
the field.

In the last visit, during the harvesting period, nine samples of washed lettuce
were collected from each producer. Three washed lettuce heads were placed in a
sterile bag, giving rise to a pooled sample. Altogether, three pooled samples of
washed lettuce were collected from each producer.

All the samples were transported in less than one hour, under refrigeration
(7°C) in thermal boxes to the Food Microbiology and Food Control Laboratory at
the Institute of Food Science and Technology — ICTA/UFRGS, for further analyses.

2.2.3.6. Sampling for detection of contamination of workers’ hands
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To determine the occurrence of contamination of workers’ hands, three
hand’s samples were collected on each farm. The samples to detect contamination
of workers’ hands were collected by use of sterile swabs only in the last visit,
during the harvesting activities. Before the harvest of lettuces in T3, the swabs
were moistened in sterile 0.1% peptone water and then rubbed on top of the hands
of the workers in three different directions in the area delimited by the wire mold.
Thereafter, each swab was placed again into a tube containing 5 mL of 0.1%
peptone water and transported under refrigeration (7° C) in thermal boxes to the
laboratory for analysis.
2.2.3.7. Sampling of transport boxes

For the sampling of the lettuce transport boxes an area of 50 cm? was drawn
with a previously disinfected wire mold. One sample was collected from each box,
amounting three samples from each grower at T3, just before applying the boxes to
pack the harvested lettuce. Before the sampling the swabs were moistened in
sterile 0.1% peptone water and rubbed in three different directions in the delimited
area. After that the swabs were placed in test tubes containing sterile 0.1%
peptone water and transported under refrigeration (7° C) in thermal boxes to the
laboratory for analysis.

2.2.4. Microbiological parameters

The analyses and microbiological parameters of each CSL are presented in
Table 1. Coliforms, E. coli and Enterococcus spp. were used as hygiene indicator
organisms. Total coliforms were considered as indicators for the sanitary quality of
the samples. Enterococcus and E. coli were considered as fecal contamination
indicators of the samples. E. coli O157:H7 and Salmonella spp. were analyzed as
enteric pathogens.

2.2.5. Microbiological analyses

Microbial analyses were carried out using the standard methodologies
described in Table 1.

Salmonella spp. was determined according to the methodology described in
ISO 6579:2002 (ISO, 2002). Characteristic colonies of Salmonella spp. were

confirmed by biochemical tests (APl 30E, BioMerieux). Serological testing was
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performed using polyvalent serum anti O (Probac do Brasil) and isolates identified
as Salmonella were sent to the reference Laboratory of Enterobacteriaceae at the
Bacteriology Department of the Instituto Oswaldo Cruz, Fundagdo Oswaldo Cruz
(FIOCRUZ) in order to be serotyped.

The analyses of total coliforms and E. coli were carried out in samples of
lettuce tissues, collected solil, fertilizer samples and lettuce seedlings. 10 g of
sample were placed in 90 mL 0.1% peptone water. The samples were
homogenized in stomacher (Seward) for 30 seconds. Decimal dilutions were
prepared and triplicate samples of 1 mL were placed on Petrifim™ plates and
incubated for 24+2 hours at 37+£1° C.

To determine coliforms and E. coli of irrigation waters, the Most Probable
Number (MPN) method using the multiple tube technique was applied (Standard
Methods for Examination of Water and Wastewater, 1998).

To detect E. coli O157:H7, the methodology described in ISO 16654:2001 —
Detection method, preconized by the International Organization for Standardization
(ISO) was used. To confirm dubious colonies, these were sent to the Brazilian
reference Laboratory of Enterobacteriaceae at the Bacteriology Department of the
Instituto Oswaldo Cruz, Fundagdo Oswaldo Cruz Foundation (FIOCRUZ).

To analyze Enterococci spp., the method described in the manual of
methods of microbiological analysis of water (20 ™" APHA, 1998) was adapted and
used. Aliguots of 0.1 mL were spread on M-enterococcus Agar (Himedia, Mumbai,
india). The confirmation of the typical colonies was made by Gram coloration and
biochemical tests such as the catalase test, growth on Bile Esculin Agar at 45° C,
growth at the presence of 6.5 % NaCl and PYR Test.

2.6. Diagnostic instrument to measure food safety management systems

A guestionnaire with 69 indicators was applied to gain insight in the level of
the food safety management system currently implemented by the farmers. The
guestionnaire was organized in four major parts. The first part consists of the
context diagnosis with a set of indicators and grids (three risk levels), with brief
descriptions to assess the risk level of context factors (product and process

characteristics, organizational and chain environmental characteristics), in terms of
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the riskiness they create. Levels 1, 2 and 3 represent respectively situations that
were typified as of low, moderate or high risk. The second part and third part of the
questionnaire include a diagnosis of control and assurance activities and grids with
concise descriptions to indicate an activity level as addressed in the implemented
food safety management systems. The levels 1, 2, 3 or 4 represent activities which
are operating in a nonexistent, basic-simple, average-common or advanced-
sophisticated way respectively. The final set of indicators was given information on
the output of the system. Also four levels could be attributed, namely no
information of the food safety management system output, low, medium or high
output of the system (Osés et al., 2012, Kierezieva et al., 2013).

The questionnaire was performed by an interview with the individual
responsible for the production at farms. For each indicator, the interviewed in
charge had to choose which level was the most representative for the situation of
the farm. Each interview took about 2 to 3 hours and was followed by an on-site
visit to confirm the assessment (Luning et al., 2009).

Mean scores were calculated by using all indicators, respectively, and
divided by their total number of indicators.

Data were analyzed with Microsoft Office Excel to assemble web diagrams
in order to visually illustrate the levels for the separate indicators for context and
control activities.

3. Results
3.1. Results of the microbiological assessment

Table 3 presents the results of samples collected at the CSL 1 to 9, from
Farms 1, 2 or 3. In Table 4 the results are displayed with regards to irrigation and
wash/rinse water samples (CSL 10 to 12). Overall, a total of 132 samples (44
samples per company) were taken over the 3 month-period.

3.1.1. Contamination of organic manures

The manure samples collected at T, on all surveyed farms presented E. coli
counts ranging from 3.43 to 5.65 log;o cfu/g and coliforms counts from 4.63 to 6.78
logio cfu/g. The presence of Salmonella spp. was detected only in Farm 2 (Table

3). In none of the fertilizer samples E. coli O157:H7 was detected.
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3.1.2. Contamination of manured soll

The analyzed manured soil samples contained E. coli counts ranging widely
from farm to farm. In all farms E. coli count started at elevated counts and
decreased over time during the sampling period To, T1, T2 and T3z. For example, in
Farm 1 mean E. coli decreased from 4.45 (To) to 3.36 (T1), to 2.3 (T>) to less than
1.00 log cfu/g (T3). On the other hand, counts for coliforms remained barely
unaltered over time in the three farms. Salmonella spp. was detected in Farm 2 at
To and in Farm 1 at T;. E. coli 0157:H7 was not identified in any of the analyzed
samples (Table 3).
3.1.3. Contamination of seedlings and lettuces

Lettuce seedlings were collected at Ty and presented E. coli counts of less
than 1.00 logio cfu/g. Coliform counts ranged form 3.36 to 4.63 logio cfu/g.
Salmonella spp. and E. coli O157:H7 were not detected (Table 3).

The lettuce samples presented E. coli counts ranging from less than 1.00 to
3.6 logio cfu/g, no trend over time was observed and contamination variability was
detected between farms and time of sampling. For example, in Farm 1, the
average counts were less than 1.00 logo cfu/g at T1 and 2.6 logjo cfu/g at T3. In
Farm 2, the counts at T, started with 3.49 log;o cfu/g and decreased to less than
1.00 logyo cfu/g at Ts. In Farm 3, the average counts at T1 were 2.76 logio cfu/g
and decreased to 1.00 log;o cfu/g at T, and increased again to 3.15 logio cfu/g at
T3. In spite of this, all the lettuce samples from the three producers presented low
counts (less than 1.00 log cfu/g) after the final wash with water, indicating that
washing was able to reduce the microbial load. Salmonella spp. was isolated from
a lettuce sample only in Farm 2 at T; (Table 3). E. coli 0157:H7 was not detected
in any of the producers at any of the sampling instances.
3.1.4. Contamination of irrigation water

Irrigation water samples collected in both pond or taps (sprinklers)
presented contamination by E. coli (from 1.1 to > 23 mpn/ml) and coliforms (from
12 to > 23 mpn/ml) at all times. The counts remained similar throughout the
sampling period (Table 4). Only in Farm 1 there was a tendency of decreasing E.

coli counts. Enterococcus spp. was determined in sprinkler water at T3 (Table 4).



325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355

41

Salmonella spp. and E. coli O157:H7 were found on Farm 2 at T3 in irrigation water
and irrigation tap water respectively (Table 4).
3.1.5. Contamination of wash/rinse water

All of the rinse water samples collected after the washing of the lettuce
presented contamination with E. coli and total coliforms (Table 4). In Farm 1 in
which potable water was used to wash lettuce plants, the counts were low (1.1 and
5.1INMP/mL of E. coli and total coliforms, respectively). In Farms 2 and 3 the
counts were beyond 23 NMP/ml. In these farms the water to prepare lettuce plants
for the market was obtained from a well and from a pond, respectively.

Contamination by Salmonella spp. was not detected in any sample of wash
waters collected at all the three farms. Nonetheless, at Farm 3 wash water
contamination by E. coli O157:H7 was identified (Table 3).
3.1.6. Contamination of transport boxes

The box samples collected at all three farms have showed relatively low
counts of E. coli (less than 1.00 logso cfu/cm?). Total coliforms ranged from 2.10 to
3.50 logso cfu/cm? (Table 3).
3.1.7. Microbiological contamination of workers’ hands

The analysis of samples collected from the workers’ hands at the moment of
the harvest for the market of lettuce plants (T3) indicate in all three farms the
presence of E. coli counts. The counts maintained a pattern of contamination,
ranging from less than 1.00 up to 1.9 logio cfu/hand. Total coliform counts ranged
from 1.89 up to 3.33 logyo cfu/hand (Table 3).
3.2. Results of the diagnosis of the food safety management system

Details of the diagnostic questionnaire are given in Table 4. All three
surveyed organic lettuce farms operate in a moderate to high level of risk regarding
product and process characteristics. The reason for such outcome is that indicators
related to the product & process characteristics scored for the mean 3 (Farm 1 and
3) or 2.8 (Farm 2) (high level of risk). The indicators of organization & chain
characteristics scored 2.3 (Farm 1) and 2.4 (Farm 2 and 3) (moderate to high level
of risk). The risk of the context of the farms was very similar, with the exception of

the two indicators, i.e. "technological farm team" and "Variability in the workforce".
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Farm 1 and Farm 2 counted with the assistance of a professional agronomist,
increasing its technological capacity, but Farm 3 counted with the knowledge of the
farmers. Farm 2 showed high employee turnover, what was not observed in the
other farms.

The indicated levels of the control and assurance activities in the food safety
management system of the farmers are given in detail in Table 4. The mean score
of the design of control activities was 2, indicating that these activities are
conducted on a basic level, using historical and common knowledge, but no sector
information or information from suppliers was applied, nor tailored to the farm own
situation. The results of design of control activities of the three organic farms are in
detail illustrated in Figure 3. The profiles were very similar for the three farms,
however Farm 1 (blue lines) differs from Farms 2 and 3 on partial physical
intervention (washing step) which was conducted at a basic performance level in
Farm 1 while in Farms 2 and 3 it was executed based on sector information
(performance level 3). While indicator ‘analytical methods applied for
microbiological analyses of pathogens’ was at level 3 for Farm 1, indicating that the
farm was working together with accreditated laboratories when performing
microbiological analyses, the other Farms did not analyse microbiological
indicators or pathogens (performance level 1). For the indicators related to hygienic
design of the equipments, maintenance program, sanitation program, packaging
equipment, water control and corrective actions all the farms were operating at
level 1, indicating not conducted, not done in all three farms.

It could be expected to have a higher level of control activities in order to
address high level of riskiness of their context. However, the observed operation of
control activities in farms was very low (mean of 1.1), indicating that the control
measures were not implemented or applied in practice. Moreover, assurance
activities were not present or were not yet elaborated, indicating that the farms
could not demonstrate that they were working correctly (mean score of 1 for
assurance activities in table 4).

The system output of the current food safety management system in the

organic lettuce farms was also low (mean 1 for the three farms, Table 4). The
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reason for this was that no information of the system output was available: no
inspection or audit was performed, no samples (both microbiological and chemical)
were taken, so no actual evaluation of their system output could be done.

It can be concluded that the organic lettuce farms were having a moderate
to high level of risk context, in which a medium to advanced level of food safety
management system should be present in order to have a good system output
(Osés et al., 2011, Kierezieva et al., 2013). However, the food safety management
system was designed and executed at basic to medium level and the system
output was low because of lack of information.

4. Discussion

All three farms analysed were certified and rely on technical support
provided by regulation bodies and by a solid organic association. Focus so far was
mainly made on the control of chemical hazards, being pesticide residues, as could
be derived from the interviews with the farmers. Workers were very compliant,
responsive to changes and concerned with reference to possible quality
improvements. In spite of this, the diagnostic instrument demonstrated that all
farms were operating in a moderate to high microbial risk context.

4.1. Organic manure
The indicator ‘organic manure program’ revealed that the farms developed

organic fertilizer programs based on common farm knowledge and the capability of
the composting process was not known or tested (indicator on level 2 for the three
farms, Table 4). Moreover, the instructions for storage, frequency and methods of
application derived from the producers' own experience. Manure samples from the
three farms showed high contamination with E. coli and coliforms. Similar counts
were found by other authors in different types of fertilizers (Oliveira, Vifas, Usall,
Anguera & Abadias, 2012; Fischer-Arndt, Neuhoff, Tamm & Kopke, 2010; James,
2006; Johannessen, 2005; Millner, 2003; MAFF, 2000). Studies have indicated that
the composting time and temperature of manure may effectively reduce
microorganisms like E. coli, E. coli O157:H7 and Salmonella, routinely determined
in fresh compost (Oliveira, Vifas, Usall, Anguera & Abadias, 2012; Fischer-Arndt,
Neuhoff, Tamm & Kopke, 2010; James, 2006; Millner, 2003; MAFF, 2000).

According to Johannessen (2005), the appropriate composting time to reduce
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pathogens is about 120 days. As demonstrated in the present study, in Farm 1 the
manure was prepared from poultry manure and it was composted by 180 days,
suggesting that the contamination was not due to inadequate composting time but
it may be provided by the addition of fresh manure to the composted manure. In
the opposite, in Farm 2 and 3 horses manure and vegetable remaining were the
sources of manure and the composting times of them were 90 and 60 days,
respectively, suggesting that the composting time was not sufficient. However, the
possibility of the addition of fresh manure and vegetable residues can not be
discarded.

The Brazilian regulation does not establish specific parameters for E. coli
and total coliforms in fertilizers, but it determines a maximum limit of 3.0 log mpn/g
for thermotolerant coliforms (IN n°46/MAPA, 2011). Based on this regulation, all
the fertilizer samples analyzed in the present study were above the limit, indicating
that the control of manure was not adequate.

The addition of fresh manure containing pathogens may recontaminate the
already composted fertilizer and that contamination will spoil vegetables (Oliveira,
Vifias, Usall, Anguera & Abadias, 2012; Islam, Doyle, Phatak, Millner & Jiang,
2005; MAFF, 2000). Although the presence of E. coli 0157:H7 was not detected in
any of the analyzed fertilizer samples, the presence of this pathogen has been
identified in similar studies recommending the need for better control within the
agricultural production (Oliveira, Vifias, Usall, Anguera & Abadias, 2012; Islam,
Doyle, Phatak, Millner & Jiang, 2005; MAFF, 2000). The presence of Salmonella
spp. was detected in the manure from Farm 2, which also showed high counts of
E. coli. This fertilizer was prepared with horse faeces and was composted for a
period of 90 days, which may not have been enough for the reduction of
pathogens. That contamination indicates high potential of microbiological risk. As
shown in the studies of Johannessen (2005) and MAFF (2000), the presence of
Salmonella represents a serious problem of improperly composted fertilizer, since
Salmonella is a pathogenic microorganism and food products like lettuce are eaten
raw. These studies alert that contamination in the fertilizer may contaminate

irrigation water and soil, and that contamination could be a source to spread



450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480

45

contamination of lettuce plants. According to Brazilian legislation, fertilizers
containing Salmonella are improper for use (IN n° 46. MAPA, 2011).
4.2. Manured soil

Overall, a tendency towards decreasing counts of E. coli was observed in
the fertilized soil samples throughout the cultivation of organic lettuces. Similar
results were demonstrated by Oliveira, Vifias, Usall, Anguera & Abadias (2012).
These authors report that microbiological contamination of soil might be reduced
due to solar radiation, soil composition, water activity, moisture reduction, redox
potential, presence of rhizosphere, changes in soil pH, high temperatures and
microbiological competition.

The presence of Salmonella spp. in the manured soil samples from Farm 2
suggests that contamination occurred via manure in view of the fact that
Salmonella was also detected in the fertilizer itself. At Farm 3 no contamination by
Salmonella was determined probably as a consequence of the non-use of animal
residues as manure.

High counts of E. coli and the absence of Salmonella spp. in lettuce or
manure samples have been reported by several studies and such fact has been
explained as a possible competition between the two types of microorganisms
(Oliveira, Vinas, Usall, Anguera & Abadias, 2012; Neto et al.,, 2012; Abreu,
Junqueira, Peixoto & Oliveira, 2010).

4.3 Lettuce seedlings, lettuce during cultivation and washed lettuce

E. coli counts in lettuce samples during cultivation were very variable and
did not show a pattern of contamination among the farms over time according to
the risk based sampling plan. Several studies have demonstrated that lettuces may
frequently present contamination by microorganisms and/or pathogens due to their
natural characteristics and the contact with soil, irrigation water, animals, among
others (Levantesi et al., 2012; Oliveira, Vifias, Usall, Anguera & Abadias 2012,
Moyne et al., 2011; Fischer, Neuhoff, Tamm & Kopke, 2010; James, 2006; Millner,
2003). Lettuce seedlings also may be a source of contamination, especially when
they are not treated before use. This could also be derived for the evaluation of the

‘product and process riskiness’ with the diagnostic questionnaire, where a mean
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level 3 was obtained indicating the lettuce seedlings as a cause of the
contamination and that lettuce production was at risk for microbiological
contaminations. In the present study, microbiological analyses demonstrated very
low contamination in lettuce seedlings even though they were not treated with
chemicals or had undergone heat treatments. However, during growth of the
lettuce, the lettuce was becoming contaminated due to several risk sources such
as fertilized soil (see 4.1.2), irrigation water (see 4.1.4).

All the samples of washed lettuce (final products) from the three farms
proved to be in accordance to Brazilian legislation which settles on the maximum
acceptable E. coli count of 10 cfu/g. Different results were found by Arbos, Freitas,
Stertz & Carvalho (2010) and Santana et al. (2006), where samples of different
lettuce crops had E.coli counts above those permitted by the Brazilian law. The
presence of E. coli in vegetables may indicate carelessness during farming,
inadequate sanitary conditions and contamination by pathogenic bacteria
associated with several foodborne illnesses (Neto et al., 2012; Soriano, Rico, Molté
& Marfies, 2000).

In the present study the presence of E. coli O157:H7 was not detected in the
lettuce plant samples throughout cultivation. However, international references
demonstrate the presence of E. coli 0157:H7 on leafy greens such as lettuce and
spinach (Oliveira et al., 2012; Oliveira, Souza, Bergamini & Martinis, 2011; Oliveira
et al., 2010; FDA, 2007; Santana et al., 2006; Ackers et al., 1998).

There are studies pointing to washing of lettuce plants as an effective
measure to reduce in up to one log the microbiological contamination (Oliveira et
al., 2012; Bobco et al., 2011). However, if the washing process is done with
reutilized water or with standstill water an increase in the microbiological
contamination of the final product may occur (Antunes, 2009). According to the
diagnostic questionnaire, the washing process was conducted in Farm 2 and 3
according to sector guidelines while in Farm 1 only based on common and
historical knowledge. The effect of washing on the E. coli count of the lettuce can
be derived when comparing CSL 6 and 7 in Table 2. For Farm 1 and 3 a 2 log

reduction can be seen, while for Farm 2 no effect of washing could be seen due to
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the low contamination of the lettuce already before washing (< 1 log cfu/g).
However, none of the farms had a water control program, as pointed with the
diagnostic questionnaire and indicator ‘water control’ (on level 1, Table 4), clearly
making obvious a high risk level if additional control measures are not
implemented.

4.4. Irrigation and wash water

Irrigation water samples collected in both the water sources and the
sprinklers of the surveyed farms demonstrated contamination by E. coli at all times.
The Brazilian Regulation (CONAMA resolution 357 of 2005, Table 1) has
established a limit of 2 x10? cfu/100ml for irrigation water of vegetables. Based on
that limit in the present study several water samples were in accordance with the
regulation, nevertheless attention should be given to the frequent presence of E.
coli indicating fecal contamination. Furthermore, the variation of the counts among
sampling periods also indicates that this limit may be surpassed over the time.

The irrigation water analyzed in the present study showed contamination by
E. coli O157:H7 in Farm 2, where the lettuces were ready for harvest indicating a
serious risk of contaminating the final product. Foodborne outbreaks involving leafy
vegetables contaminated by water have been reported by several studies around
the world (Itohan, Peters & Kolo, 2011; Delaquis, Bach & Dinu, 2007; Beuchat,
1996). Pathogenic bacteria such as E. coli O157:H7 are most often associated with
outbreaks of waterborne diseases, resulting from inadequate treatment of the
water used for irrigation and washing of fruits and vegetables (Levantesi et al.,
2012; Moyne et al., 2011). It is important to highlight that the E. coli O157:H7 was
found in irrigation water of Farm 2 and in rinse water of Farm 3 after a flood,
suggesting that such events could be important sources of contamination and
specific control measures should be planed in order to prevent lettuce final product
contamination.

The water used in rural areas for washing lettuce intends to remove debris
and to reduce contamination of the vegetables. Yet, if the water is contaminated,
the contamination of lettuce plants will probably increase as well. In the present
study, the wash water from Farm 3 also demonstrated contamination by E. coli
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0157:H7, nevertheless, the lettuce plants washed in this water did not show
contamination. It is possible that the contamination of the lettuce by E. coli 0157:H7
was reduced by washing and turned out to be under the detection limit of the
method. Based on the fact that, frequently, end users only wash vegetables before
consumption and that home washing may not be sufficient to eliminate pathogens,
the microbial quality of the wash waters at production sites are obliged to be
considered critical for the safety of lettuce plants (Oliveira, Vifas, Usall, Anguera &
Abadias, 2012; Moyne et al., 2011; James, 2006).

In this context, it may be necessary to consider the implementation of
preventive measures on farms and the sanitization of lettuces in the home of
consumers or food services, before consumption in order to increase its safety.
According to the food services regulation Portaria Estadual of Rio Grande do Sul
n® 78 of 2009 (Rio Grande do Sul, 2009), vegetables prepared in food services
should be washed and disinfected using 100 to 250 ppm solution of free chlorine
for 15 minutes, being rinsed with potable water after that.

Regarding the implementation of preventive measures on lettuce farms, the
microbial quality and method of composting manure, source and quality of irrigation
waters and washing waters could be considered of utmost importance to avoid
microbiological contamination of lettuces. Moreover, attention should be given to
the fact that all investigated farms did not display implemented control and
assurance activities, suggesting that preventive measures were not in place.

5. Final considerations

The use of the risk based sampling plan in combination with the diagnostic
guestionnaire allowed to analyze the microbiological safety in the productive chain
of organic lettuce and provide an overview of the organic farms’ performance.

The present study concludes that the fertilizer and the water used for
irrigation and washing were important bottlenecks to be controlled in the production
chain of organic lettuces. The contamination of manures highlighted the need of a
fertilizer control program in order to control the composting time and avoid addition
of fresh manure to the composted manure. With regards to irrigation and wash

waters, the results evidenced the importance of using water from safe sources. It is
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also essential to emphasize the need for consumer awareness, because organic
vegetables may not comprise chemical contamination, nonetheless they might be
contaminated with pathogens and, for that reason, sanitization procedures should
be used to avoid foodborne illnesses. The present survey indicates the
susceptibility of the organic lettuce production chain to microbiological safety
ISsues.
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Figure 1: Timeline and identification of selected Critical Sampling Locations (CSLs) in primary production of organic lettuce in

Southern Brazil. To: Start of the planting. T1: three weeks before harvest T2: two weeks before harvest T3: harvest
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Figure 2: Organization characteristics of three organic lettuce farms in Southern Brazil (blue: farm 1,
green: farm 2, red: farm 3) analyzed by the diagnostic tool of Kirezieva et al. (2013). Level 1
indicates low risk level, indicating that measures are not putting pressure on the current food safety
management system. Level 2 indicates moderate risk level, i.e. measures are putting medium
pressure on the food safety management system. Level 3 indicates high risk level, indicating that
the food safety management system should compensate this risk aspect.

Legend:

Presence of technological staff: qualified employees in food safety;

Variability in workforce composition: employee turnover;

Sufficiency of operator competences: competency requirements for work in agriculture;

Extent of management commitment: food safety policy;

Degree of employee involvement: employee engagement in food safety;

Level of formalization: formalization of documents, meetings, procedures and work instructions;
Sufficiency supporting information systems: information system to support food safety;

Severity of stakeholders Requirements of: additional requisites for food safety;

Extent of power in supplier relationships: relationship with suppliers of materials and seedlings of
lettuce;

Food safety information exchange: exchange of information with suppliers about food safety;
Logistic facilities: environmental conditions of logistics facilities until the product reach the customer;
Inspections of food safety authorities: inspection of food safety authorities;

Supply source of initial materials: variability of suppliers of raw and certified internationally;

Specific extern supply: support external and security information (organization or government
affiliated agencies);

Specific legislation: specific legislation regarding food safety;
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Figure 3: Evaluation of the design of control activities of three organic lettuce farms in Southern
Brazil (blue: farm 1, green: farm 2, red: farm 3) analyzed by the diagnostic tool of Kirezieva et al.
(2013). Level 1 indicates that the item is not appropriate or not done. Level 2 indicates that the
activity is executed at basic level or based on historical knowledge of the farmers. Level 3 indicates
that the activity is executed at generic level, based on sector information or information of suppliers.
Level 4 indicates that the activity is conducted in a more advanced level, tailored to the company
own situation.

Legend:

Hygienic design of equipment and facilities: Equipment and facilities projects aimed at food safety;
Maintenance and calibration program: Maintenance and calibration seeking food safety;

Storage facilities: Storage of products at farm;

Sanitation program(s): Program sanitization of equipment and installation;

Personal hygiene requirements: Requirements for personal hygiene of workers;

Incoming material control: Control of planting material used on the farm;

Packaging equipment: Use of packaging equipment does not interfere with food safety;

Supplier control: Control and vendor selection;

Organic fertilizer program: Application of organic manures composted following programs specific
security control;

Water control: Control of water used for irrigation;

Irrigation method: Application methods of irrigation (drip, sprinkler, or other);

Partial physical intervention: Physical intervention for reducing contaminants (eg removal of outer
leaves, spraying water to remove soil);

Analytical methods to assess pathogens: Analysis of pathogens;

Sampling plan for microbial assessment: Microbiological sampling plan in the farm;

Corrective actions: Corrective Action as described or parameters established tolerance or limit
contamination;
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Table 1: Description of Critical Sampling Location (CSLs), samples, quantities, periodicity, microbiological parameters,
microbiological methodologies, results interpretation and reference methodology.

CsL Description Samples Time Microbiological Methodology Interpretation of the References
Parameters results*
1 Manure 3 samples TO E. coli/coliforms 1SO 21528-2:2004 and AOAC (1998) 1.000 NMP/g MAPA/ IN n°46. (2011)
E. coli 0157:H7 1SO 16654:2001 AJ25g ND
Salmonella spp. 1SO 6579:2002 AJ25g MAPA/ IN n°46. (2011)
2 Manured soil 3 samples > 3 x TO E. coli/coliforms 1SO 21528-2:2004 and AOAC (1998) 1.000 NMP/g MAPA/ IN n°46. (2011)
8 pooled E. coli 0157:H7 1SO 16654:2001 AJ25g ND
Salmonella spp. 1SO 6579:2002 AJ25g MAPA/ IN n°46. (2011)
3 Seedlings in 1sample > 1x 3 TO E. coli/coliforms 1SO 21528-2:2004 and AOAC (1998) 10° RDC n°12 (2001)
soil pooled E. coli 0157:H7 1SO 16654:2001 Al25g ND
Salmonella spp. 1SO 6579:2002 AJ25g RDC n°12 (2001)
4 Seedling 1 sample T0 E. coli/coliforms 1SO 21528-2:2004 and AOAC (1998) 10 RDC n°12 (2001)
5 Manured soil 3 samples > 3 x T1 E. coli/coliforms 1SO 21528-2:2004 and AOAC (1998) 10° MAPA/ IN n°46. (2011)
3 pocled T2 E. coli O157:H7 1SO 16654:2001 Al25g ND
T3 Salmonella spp. 1SO 6579:2002 AJ25g MAPA/ IN n°46. (2011)
6 Lettuce 3 samples > 3 x T1 E. coli/coliforms 1SO 21528-2:2004 and AOAC (1998) 10° RDC n°12 (2001)
3 pooled T2 E. coli O157:H7 1SO 16654:2001 Al25g ND
T3 Salmonella spp. 1SO 6579:2002 AJ25g RDC n°12 (2001)
7 lettuce after 3 samples > 3 x T3 E. coli/coliforms 1SO 21528-2:2004 and AOAC (1998) 10° RDC n°12 (2001)
washing 3 pooled E. coli 0157:H7 1SO 16654:2001 AI25g ND
Salmonella spp. 1SO 6579:2002 Al25g RDC n°12 (2001)
8 swab of 3x25cm? T3 E. coli/coliforms 1SO 21528-2:2004 and AOAC (1998) < 0.7 log cfu/25 cm? Jacxsens. et al. (2010)
farmers’ (below detection)
hands
9 swab of 3 x50 cm? T3 E. coli/coliforms 1SO 21528-2:2004 and AOAC (1998) < 0.7 log cfu/25 cm? Jacxsens. et al. (2010)
transport (below detection)
boxes of
lettuce
10 irrigation 100 ml TO E. coli/coliforms 20 ™ APHA (1998) 2 x10° cfu/100ml CONAMA. n°357 de 2005
water supply T1 Enterococci 20 ™ APHA (1998) A/100mI Jacxsens. et al. (2010)
T2 E. coli O157:H7 1SO 16654:2001 A/25ml ND
T3 Salmonella spp. 1SO 6579:2002 A/25ml ND
11 irrigation 100 ml TO E. coli/coliforms 20 ™ APHA(1998) 2 x10? cfu/100ml CONAMA. n°357 de 2005
water from tap T1 Enterococci 20 ™ APHA(1998) A/200ml Jacxsens. et al. (2010)
T2 E. coli 0157:H7 1SO 16654:2001 A/25ml ND
T3 Salmonella spp. 1SO 6579:2002 A/25ml ND
12 wash water 100 ml T3 E. coli/coliforms 20 ™ APHA (1998) 2 x10? cfu/100ml CONAMA. n°357 de 2005
Enterococci 20 ™ APHA (1998) A/100mI Jacxsens. et al. (2010)
E. coli 0157:H7 1SO 16654:2001 A/25ml ND
Salmonella spp. 1SO 6579:2002 A/25ml ND
*A: absent; ND: not defined by official regulation
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648 Table 2. Microbial results of samples collected according risk based sampling plan in three organic lettuce farms of Southern Brazil. Mean and standard deviation expressed as log cfu.g® or cfu.cm® for
649 coli and coliforms. For the pathogens Salmonella and E. coli 0157:H7 results are expressed as presence or absence in 25g or in 100cm? (boxes) or by hand (worker’s hands).
Farm 1 Farm 2 Farm 3
Visit CSL Description *E. coli *Coliforms **Salmonella *E. coli *E. coli *Coliforms “*Salmonella “E. coli *E. coli *Coliforms **Salmonella. *E. coli
0157:H7 0157:H7 0157:H7
TO 1 Manure® 3 4.32(£0.11) 4.63 (£0.11) - (0/3) - (0/3) 5.65 (+ 0.50) 6.68 (+ 0.09) +(1/3) - (0/3) 3.43 (£ 0.41) 4.73 (£ 0.05) - (0/3) - (0/3)
TO 2 Manured Soil® 3 2.10 (£0.17) 3.45 (£0.24) - (013) - (013) 4.45 (£ 0.09) 5.56 (& 0.46) +(1/3) - (0/3) 2.85 (+ 1.09) 4.27 (£ 0.08) - (0/3) - (0/3)
TO 3 Soil Seedling® 1 <1.00 4.36 - (0/1) - (0/1) 4.54 4.92 - (0/2) - (0/1) 2.48 3.49 - (0/3) - (0/3)
TO 4 Seedling® 1 <1.00 3.36 - (0/1) - (0/1) <1.00 4.63 - (0/2) - (0/1) <1.00 4.60 - (0/3) - (0/3)
T1 5 Manured Soi%l 3 <1.00 3.93 (£0.34) +(1/3) - (013) 3.36 (£ 0.32) 4.32 (£ 0.56) - (0/3) - (0/3) 2.3% 2.77 (£ 0.67) - (0/3) - (0/3)
T1 6 Lettuce® 3 <1.00 3.78 (£0.68) - (013) - (013) 3.49 (£ 0.31) 3.76 ( 0.59) +(1/3) - (013) 2.76 (£0.39)*  3.37 (+0.16) - (0/3) - (0/3)
T2 5 Manured Soil® 3 <1.00 3.93 (x0.34) - (013) - (013) 2.3% 3.68 (+ 0.21) - (0/3) - (0/3) <1.00 3.54 (£ 0.12) - (0/3) - (0/3)
T2 6 Lettuce® 3 2.48% 4.08 (+1.34) - (0/3) - (0/3) <1.00 3.86 (+ 1.42) - (0/3) - (0/3) <1.00 2.50 ( 0.63) - (0/3) - (0/3)
T3 5 Manured Soil® 3 2.30%* 3.36 (£0.31) - (0/3) - (0/3) <1.00 4.40 (£ 0.30) - (0/3) - (0/3) 2.3% 3.21 (+0.23) - (0/3) - (0/3)
T3 6 Lettuce® 3 3.6 (£0.21) 3.91 (£0.95) - (013) - (013) <1.00 3.89 (& 0.06) - (0/3) - (013) 3.15% 3.23 (+0.82) - (0/3) - (0/3)
T3 7 Lettuce (final 3 <1.00 3.06 (£0.31) - (013) - (013) <1.00 3.89 (& 0.06) - (0/3) - (013) <1.00 2.82 (+0.48) - (0/3) - (0/3)
product) 2
T3 8 Workers’ 3 <1.00 1.89 (0.58)* - (0/3) - (0/3) <1.00 3.33 (£ 0.26) - (0/3) - (0/3) 1.9 2.56 (+ 0.94) - (0/3) - (0/3)
Hands”
T3 9 Boxes’ 3 <1.00 2.10 (£0.98) - (013) - (013) <1.00 3.50 (£ 0.41) - (0/3) - (013) <1.00 2.56 (+ 0.94) - (0/3) - (0/3)
Total 35 1/35 0/35 3/35 0/35 0/35 0/35

or-m

ooU All the values are presented as the mean and standard deviation except for seedling and soil seedlings.

651 * Result of one sample was below the detection limit (<1.00 log).

652 **Results of two samples were below the detection limit (<1.00 log).

653 To: Start of the planting. T1: three weeks before harvest. T2: two weeks before harvest. T3: harvest
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654 Table 3. Results of irrigation water and wash water collected in three organic lettuce farms of Southern Brazil. Mean and standard deviation expressed as MPN/ml or E. coli and coliforms. For the pathogen
655 Salmonella and E. coli 0157:H7 results are expressed as presence or absence in 25 ml. For Enterococcus spp. results are expressed as presence and absence in 100 ml.
Visit CSL Description Farm1 Farm 2 Farm 3
E. coli Coliforms Enterococcus Salmonella 0157:H7 E. coli Coliforms Enterococcus Salmonella 0157:H7 E. coli Coliforms Enterococcus Salmonella 0157:H7
MPN/ml MPN/ml 100ml sp. 25ml MPN/mI MPN/mI 100ml sp. 25ml MPN/ml MPN/ml 100ml sp. 25ml
25ml 25ml 25ml
TO 10 Irrigation 1 >23 >23 Absence Absence Absence 16.10 16.10 Absence Absence Absence 23 >23 Absence Absence Absence
Water
source
TO 11 Irrigation 1 >23 >23 Absence Absence Absence >23 >23 Absence Absence Absence 16.1 23 Absence Absence Absence
Water Tap
T1 10 Irrigation 1 12.0 23 Absence Absence Absence 3.6 >23 Absence Absence Absence >23 >23 Absence Absence Absence
Water
source
T1 11 Irrigation 1 12.0 23 Absence Absence Absence 11 >23 Absence Absence Absence 11 16.1 Absence Absence Absence
Water Tap
T2 10 Irrigation 1 5.1 >23 Absence Absence Absence 6.9 9.20 Absence Absence Absence 9.2 12 Absence Absence Absence
Water
source
T2 11 Irrigation 1 3.6 >23 Absence Absence Absence 6.9 12 Absence Absence Absence 9.2 16.1 Absence Absence Absence
Water Tap
T3 10 Irrigation 1 11 23 Absence Absence Absence 11 23 Absence Presence Absence 23 23 Absence Absence Absence
Water
source
T3 11 Irrigation 1 6.9 23 Presence Absence Absence >23 >23 Absence Absence Presence >23 >23 Absence Absence Absence
Water Tap
T3 12 Wash/rinse 1 11 51 Absence Absence Absence >23 >23 Absence Absence Absence >23 >23 Absence Absence Presence

water
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656 Table 4: Levels attributed to the indicators representing the context factors, core control and core assurance activities in a food safety
657 management system along three lettuce production farms in Southern Brazil, based on the diagnostic questionnaire
Indicators Companies

Farm 1 Farm 2 Farm 3

1. Context factors ( overall)
Product and process characteristics

Risk of raw materials microbial 3 3 3
Risck of final product microbial 3 3 3
Production system 3 3 3
Climate conditions 3 3 3
Water supply 3 2 3
Mean product and process 3,0 2,8 3,0
Organization and chain

Presence of technological staff 1 1 3
Variability in workforce composition 1 3 1
Sufficiency of operator competences 2 2 2
Extent of management commitment 3 3 3
Degree of employee involvement 2 2 2
Level of formalization 3 3 3
Sufficiency supporting information systems 3 3 3
Severity of stakeholders Requirements of 1 1 1
Extent of power in supplier relationships 2 2 2
Food safety information exchange 3 3 3
Logistic facilities 3 3 3
Inspections of food safety authorities 3 3 3
Supply source of initial materials 3 3 3
Specific extern supply 3 3 3
Specific legislation 1 1 1
Mean organisation and chain 2.3 2.4 2.4
Il. Control activities design

Hygienic design of equipment and facilities 1 1 1
Maintenance and calibration program 1 1 1
Storage facilities 2 2 2
Sanitation program(s) 1 1 1
Personal hygiene requirements 2 2 2
Incoming material control 2 2 2
Packaging equipment 1 1 1
Supplier control 3 3 3
Organic fertilizer program 2 2 2
Water control 1 1 1
Irrigation method 2 2 2
Partial physical intervention 2 3 3
Analytical methods to assess pathogens 3 1 1
Sampling plan for microbial assessment 1 1 1
Corrective actions 1 1 1
Mean control activities design 2 2 2
1l. Control activities operation

Actual availability of procedures 1 1 1
The actual of compliance to procedures 2 2 2
Actual hygienic performance of equipment and facilities 1 1 1
Actual storage/cooling capacity 1 1 1
Actual process capability of partial physical intervention 1 1 1
Actual process capability of packaging 1 1 1
Actual performance of analytical equipment 1 1 1
Mean control Activities operation 11 1,1 1,1
IV. Assurance activities

Translation of stakeholder requirements into own HSMS requirements 1 1 1
The systematic use of feedback information to modify HSMS 1 1 1
Validation of preventive measures 1 1 1
Validation of intervention processes 1 1 1
Verification of people related performance 1 1 1
Verification of equipment and methods related performance 1 1 1
Documentation system 1 1 1
Record keeping system 1 1 1
Mean assurance activities 1.0 1.0 1.0
Food safety management system Output

Food safety Management System evaluation 1 1 1
Seriousness of remarks of remarks 1 1 1
Hygiene related and microbiological food safety 1 1 1
Chemical safety complaints of customers 1 1 1
Typify the visual quality complaints 1 1 1
Product sampling microbiological performance 1 1 1
Judgment criteria microbiological 1 1 1
Non conformities 1 1 1
Mean food safety output 1.0 1.0 1.0
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3 CONSIDERACOES FINAIS

A utilizacdo da ferramenta HAS, combinada com o HSMS-DI, permitiu analisar
a cadeia produtiva de alface organica quanto a distribuicdo microbiolégica e
sistemas de gestdo da inocuidade. Essas ferramentas possibilitaram uma visao geral
do desempenho de propriedades rurais organicas do sul do Brasil, indicando
provaveis melhorias a serem implementadas em pontos que demonstraram
desempenho insuficiente ou que tenham apresentado maior risco dentro do contexto
da seguranca dos alimentos.

Ao longo da cadeia produtiva de alfaces organicas, diversas séo as fontes de
contaminagcdo microbiolégica, conforme demonstrado pela avaliagdo das
ferramentas HAS e HSMS-DI.

Na avaliagdo pelo HSMS-DI da “matéria-prima” o escore médio obtido pelas
propriedades avaliadas foi trés, classificando-as como de alto risco. Esta
classificacdo esta relacionada com as caracteristicas das mudas de alface utilizadas
nas trés propriedades rurais, as quais ndo eram tratadas quimica ou termicamente,
tornando o produto vulneravel a contaminacdo. No entanto, as andlises do HAS
demonstraram baixas contagens de microrganismos e auséncia de patdgenos nas
mudas de alface. Contudo, diversos surtos envolvendo sementes de vegetais
contaminadas foram relatados no mundo inteiro (MELLMANN et al. 2011),
salientando a importancia de alguma medida de controle aplicavel as sementes ou
mudas de alface organico. O fato das mudas analisadas nédo ter demonstrado
contaminacdo microbiolégica expressiva ndo quer dizer que essa nunca ocorra,
sendo necesséria a implementacao de medidas de controle como o tratamento fisico
das sementes, controle e certificacdo dos fornecedores, objetivando principalmente o
controle do armazenamento, germinagéo e transporte.

A avaliacdo do HSMS-DI quanto a contaminacdo microbiologica do produto
final demonstrou um escore meédio de trés, classificando-o como de alto risco em
todas as propriedades rurais analisadas. Este resultado foi atribuido devido as
caracteristicas do produto “alface”, o qual apresenta folhas imbricadas e de
superficie irregular, favorecendo a permanéncia e desenvolvimento de
microrganismos (ROLIM; TORRES, 1992). Ainda, a alface por ndo apresentar
propriedades protetoras em sua superficie e por ser um alimento que sera

consumido cru, demonstra ser um produto de alto risco se medidas de seguranca
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ndo forem tomadas. Medidas estas que incluem cuidados desde a plantacdo até a
mesa do consumidor. No presente estudo, uma das medidas realizadas pelos
produtores foi a retirada de folhas externas e estragadas da superficie e,
posteriormente, as alfaces foram lavadas com agua para a retirada de sujidades
visiveis. Este procedimento se realizado com 4gua de fonte segura pode ajudar a
diminuir a contaminacao conforme demonstrado no resultado do HAS, pois todas as
amostras de alface (produto final), nas trés propriedades rurais, demonstraram estar
de acordo com a legislagéo brasileira, que estabelece uma contagem de E. coli de
até 10° UFC/g. Resultados diferentes foram encontrados por Arbos et al. (2010), e
Santana et al. (2006), onde amostras de alface de diferentes tipos de cultivos
apresentaram contagens de E. coli acima do permitido pela legislacao brasileira. A
presenca de E. coli em vegetais indica negligéncia durante o cultivo, condigbes de
higiene insatisfatérias e provavel contaminacdo por bactérias patogénicas
associadas a diversas DTA (GOMES NETO et al., 2012; SORIANO et al., 2000).

Estudos indicam que a lavagem das alfaces reduz a contaminacéo
microbiolégica em aproximadamente 1 ciclo logaritmo, no entanto se a lavagem for
realizada com 4gua de ma qualidade microbioldgica, pode ocorrer o aumento das
contagens microbioldgicas do produto final (ANTUNES 2009; PARISH et al., 2003).

A avaliagdo contaminagdo microbiologica do “sistema de cultivo® das
propriedades analisadas demonstrou um escore médio de trés, classificando-a como
de alto risco, pois as mesmas apresentavam um sistema de cultivo em campo aberto
e as alfaces eram plantadas em canteiros rentes ao solo. A plantagdo em campo
aberto pode favorecer a contaminacdo do alimento, uma vez que diversas situacoes
problematicas podem ocorrer, dentre elas: a presenca de aves, animais silvestres e
domésticos, entre outros. Em todas as propriedades rurais analisadas havia a
presenca de animais como cées, gatos e animais silvestres na plantagéo.

As “condig¢des climaticas” também foram avaliadas neste estudo e o escore
médio foi trés, classificando todas as propriedades como de alto risco. Esta
classificacdo ocorreu por que as propriedades encontrava-se em zona climética
tropical, o que permite oscilacbes de temperatura. A falta de controle da temperatura
ao longo do cultivo favorece o desenvolvimento de microrganismos, pois em
condicdes controladas, tal como estufas climatizadas, o risco € menor. Durante as
coletas de amostras do HAS, as condi¢Bes climaticas foram bastante estaveis,

demonstrando temperaturas proximas a 37°C e sem precipitacdo ao longo de toda
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avaliacdo. Apenas na ultima semana de avaliagdo das propriedades (T3) ocorreu
uma forte chuva (precipitacdo de 33,2 mm), a qual foi responsével por uma enchente
nas propriedades rurais 2 e 3 e esta pode ter propiciado o isolamento da E. coli
0157 H:7 na 4gua de irrigacao e lavagem das alfaces. Pesquisas tém demonstrado
que alteracdes climaticas podem influenciar diretamente no desenvolvimento de
microrganismos. Oliveira et al. (2012) avaliando a presenca de microrganismos
patogénicos na agua de irrigacdo, solo e em alfaces sugeriram que altas
temperaturas que ocorrem no verdo podem influenciar nas contagens de
microrganismos patogénicos. Estes autores relataram que a contaminacao
microbiolégica do solo pode diminuir devido a radiacdo solar, a umidade e as
temperaturas elevadas. A presenca de temperaturas elevadas e a baixa umidade no
periodo das coletas das amostras do presente estudo podem ter contribuido para a
reducado das contagens de E. coli.

Na avaliacdo da contaminagcdo microbioldgica da “fonte de agua” o escore
meédio foi trés (alto risco) para as propriedades rurais 1 e 3, que utilizavam fonte ndo
controlada de agua (acude). Ja na propriedade rural 2, o escore médio foi 2
(moderado risco) pois a fonte de agua era de poco escavado. A origem da agua
utilizada para irrigacéo é primordial para se obter um produto seguro. O escore de
alto risco das fontes de agua foi confirmado pelos resultados encontrados no HAS,
gue apresentou altas contaminacdes nas aguas avaliadas, inclusive a presenca de
patégenos com Salmonella e E. coli 0157 H:7. A presenca de E. coli 0157 H:7 foi
encontrada na agua de irrigacdo da propriedade rural 2, apés a enchente, conforme
relatado anteriormente, onde as alfaces ja estavam prontas para a colheita,
demonstrando alto risco de contaminacdo do produto final. Surtos alimentares
envolvendo vegetais folhosos contaminados por agua foram relatados por diversos
estudos no mundo (BERALDO, FARACHE FILHO, 2011; DELAQUIS et al., 2007;
BEUCHAT et al.,, 1996). Bactérias patogénicas, como por exemplo, a E. coli
0157H:7, presentes em residuos animais sdo as mais frequentemente associadas
com surtos de doencas transmitidas pela agua contaminada e imprépria para
irrigacao (LEVANTESI et al., 2012).

No presente estudo a agua de lavagem da propriedade rural 3 também
apresentou contaminacao por E. coli O157:H7, contudo, as alfaces lavadas nessa
agua ndo apresentaram contaminacdo por este patégeno. E possivel que a lavagem

das alfaces tenha reduzido este patdgeno e por isso tenha ficado abaixo do limite de
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deteccdo do método utilizado. Mesmo assim, a qualidade da agua utilizada para a
lavagem deve ser considerada como um ponto critico da cadeia de producdo de
alface (OLIVEIRA; et al. 2012; MOYNE et al, 2011;. JAMES, 2006). Neste contexto &
necessario considerar como medida de controle a higienizacdo destas alfaces antes
do seu consumo, a fim de promover a reducdo do numero de microrganismos
patogénicos. De acordo com a Portaria Estadual do Rio Grande do Sul n° 78 de
2009 (RIO GRANDE DO SUL, 2009), este processo compreende a lavagem da
alface com agua potavel e posterior desinfeccdo com solucdo contendo 100 a
250ppm de cloro livre, durante 15 minutos. Em seguida deve ser realizado o
enxague com agua potavel. O resultado da avaliagdo do HSMS-DI demonstrou que
0 produto e o processo estavam vulneraveis a contaminacdo microbiolégica. Esta
vulnerabilidade no risco de contaminacdo esta intimamente relacionada com as
caracteristicas da cadeia produtiva de alface orgéanica, uma vez que estas favorecem
o desenvolvimento de microrganismos patogénicos. Segundo LUNINING et al.
(2011), JACXSENS et al. (2011), and OSES et al. (2012), o contexto de alto risco,
demonstra falha no sistema de seguranca dos alimentos implementado na cadeia. A
partir deste diagnéstico é possivel propor medidas de controle para os pontos falhos,
implantando-as e implementando-as, desde o inicio da cadeia até o momento do
consumo (JACXSENS et al.,, 2011; OSES et al., 2012).

O presente estudo identificou o adubo, as aguas de irrigacdo e lavagem como
as principais fontes de contaminacdo dentro da cadeia produtiva de alfaces
organicos. A contaminacdo do adubo indicou a necessidade de maior controle no
tempo de compostagem associadas as Boas Praticas Agricolas. Quanto as aguas de
irrigacdo e lavagem, salienta-se a necessidade da utilizacdo de agua de fonte
segura para a irrigacdo e agua potavel e corrente para a lavagem das alfaces apés
colheita. Salienta-se ainda, a necessidade de conscientizacdo do consumidor de
produtos organicos, a fim de que seja realizada a higienizacdo dos mesmos antes do
consumo. Este estudo indicou que embora os produtos organicos sejam muito
menos susceptiveis a contaminagdo por perigos quimicos, a contaminacdo de

perigos biolégicos pode ocorrer.
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