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ABSTRACT

Fluctuations in the Brazilian milk market force small milk producers to find temporary trade alternatives, which
include selling raw milk to people who prefer this type of milk rather than heat-processed milk. Considering
the importance of these small milk producers to the market and the well-known health risks associated to
consumption of raw milk, this study evaluated the microbiological quality and the presence of Listeria
monocytogenes, Salmonella spp., chlorine, antimicrobials and insecticides (organophosphates and
carbamates) in raw milk produced in 210 small and medium farms located in four important milk-producing
Brazilian states (Parand, Sdo Paulo, Minas Gerais and Rio Grande do Sul). In 66% of the selected farms the
milking was manual. In 33% of them, the milking was semi-automatic, and only 1% were equipped with fully
automatic milking systems. All raw milk samples were negative for L. monocytogenes, Salmonella spp and
chlorine. Mesophilic acrobes counts were higher than 10° CFU/ml in 75.7% of the samples. In 80.4%, coliforms
were over 10> CFU/ml. Escherichia coli was detected in 36.8% of the samples. Insecticides and antimicrobial
residues were observed in 74.4% and 11.5% of the samples, respectively. The presence of unacceptable levels
of hygiene indicators, insecticides and antimicrobial residues were considered more important risk factors
than the two pathogens.
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INTRODUCTION

In 2002, Brazil produced, 23.3 million tons of fluid milk, which
corresponds to 32.3% of the milk produced in South America
and 4.7% of the milk produced in the world (7). Twenty to forty
percent of the milk produced in the country come from small/
medium milk-producing farms, which current estimated number
is close to one million. These farms produce 50-500 L/day, and
their production is destined to cooperatives, which intermediate

the transfer of the refrigerated raw milk to large milk processing
companies (13).

Due to fluctuations in the Brazilian milk market, the small
milk producers need to find temporary trade alternatives, which
include selling raw milk to people who prefer this type of milk
rather than heat-processed milk. Despite unlawful (4), retail sale
of raw milk for human consumption is an important market
alternative because there is a well-established demand for non-
pasteurized milk in the country (13). In 1999, a Brazilian
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consultancy institution conducted an interesting survey among
1154 individuals living in rural areas in four major Brazilian milk-
producing regions aiming to collect information about the
reasons for their preference for raw milk rather than pasteurized
milk. Sixty one percent of the interviewed individuals alleged
that raw milk is “stronger”, “more nutritive”, “more natural”,
“more fatty” and “more reliable because has no added water or
chemicals”. Other twenty four percent of interviewed persons
informed that buy raw milk because it is cheaper. Ease of access
to the product was also cited as decisive factor (24).

It is well known that consumption of raw milk can be life
threatening and many foodborne disease outbreaks were already
traced to this product (3,11,17,28). The literature is plenty of
data on diseases caused by pathogenic microorganisms like
Listeria monocytogenes and Salmonella associated to raw milk
or raw milk based dairy products (6,12,14,18,19,20,25). Data
concerning foodborne diseases caused by raw milk and
derivatives in Brazil are inconsistent (10). In counterpart, only
limited data are available about the occurrence of foodborne
pathogens in Brazilian raw milk (2,21,26), and their involvement
in milkborne diseases outbreaks is unknown. In addition to
microbiological hazards, chemical components, like antibiotics,
insecticides and pesticides used in inadequate farming practices,
pose an extra hazard to the consumer health.

According to the Brazilian Institute of National Statistics
and Geography, 35.6 to 42.0% of the milk produced in the country
between 1998 and 2001 was not inspected by any federal, state
or municipal sanitary inspection authority (Table 1) (15). It is
more likely that milk produced by small farmers belong to this
group than milk produced by large and well-established milk
producers. Considering that non-inspected milk may contain
several health hazardous agents, and considering the importance
of the small milk producers to the Brazilian milk market, this study
intended to evaluate the health risks associated to consumption
of raw milk produced in selected small farms located in four out
of the five most important milk-producing states in Brazil. The
studied risk factors included Listeria monocytogenes,
Salmonella spp., chlorine, antimicrobials and insecticides
(organophosphates and carbamates).

Table 1. Milk production in Brazil (1998-2001), in billion liters.

Years Average
1998 1999 2000 2001
Produced 18984 19,070 19,767 20510 19,578
Inspected 10995 11.139 12108 13213 11.864
Deficit 7969 7931 7659 7292 7714
42.0%) (41.6%) (38.7%) (35.6%) (39.4%)

Source: IBGE, 2004.
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MATERIALS AND METHODS

Selection of milk producing farms

Based on differences in farming practices and milking
equipment, 210 milk-producing farms were selected in the four
most important milk producing states in Brazil: Minas Gerais
(MG), Rio Grande do Sul (RS), Parana (PR) and Sao Paulo (SP).
The location of the states in the country is shown in Fig. 1. The
selected farms produced 50 to 500 liters of milk per day, being
classified as small to medium producers. The farms were located
in the vicinity of the cities of Vigosa - MG (47 farms), Pelotas -
RS (50 farms), Londrina - PR (63 farms) and Botucatu - SP (50
farms). In 139 (66.2%) of them, the milking was manual and in 69
(32.8%) the milking was semi-automatic, i.e., a vacuum milking
machine removed the milk from the animals and then the milkman
mixed the milk from different cans and cooled the mixture in
horizontal refrigerators. In only two farms (1%) the milking
process was fully automatic.

Collection of milk samples

In each farm, approximately 100 ml of milk were withdrawn
from the final container and sent to the laboratory under
refrigeration. Microbiological testing was done in less than two
hours and then samples were then frozen at -18°C until tested
for chemical residues.

1.Vicosa, MG
2.Botucatu, SP
3.Londrina, PR
4.Pelotas, RS

Source: Brazilian Institute of National Statistics and Geography, 2004

Figure 1. Main milk producing states in Brazil (GO: Goias,
MG: Minas Gerais, SP: Sao Paulo, PR: Parana and RS: Rio
Grande do Sul).



Detection of Salmonella

The APHA method, as described by Flowers, Andrews,
Donnely and Koenig (9) with modifications, was used. Twenty-
five mL of milk were homogenized with 225 mL Lactose Broth
and incubated for 24h at 35°C. One hundred YL of this broth
were transferred to Rappaport-Vassiliadis Broth and incubated
for 24h at 42°C. One mL of the lactose broth was also transferred
to Kaufmans Tetrationate Broth and incubated for 24h at 35°C.
Both broths were then streaked on Bismuth Sulphite Agar, XLLD
Agar and Hectoen Enteric Agar plates and incubated for 24h at
35°C. When suspect Salmonella colonies were present, they
were transferred to TSI and LIA agar slants and incubated for
24h at 35°C. Salmonella indicative results were confirmed
through serological tests, using somatic and flagellar polyvalent
antisera. All culture media were from Oxoid Ltd, UK and
Salmonella antisera were from Probac do Brasil Produtos
Bacteriolégicos Ltda.

Detection of Listeria monocytogenes

The APHA method, as described by Flowers, Andrews,
Donnely and Koenig (9) with modifications, was used. Twenty-
five milliliters of milk were homogenized with 225 mL of Listeria
Enrichment Broth containing Listeria Selective Enrichment
Supplement, and incubated at 30°C for 24h and 48h. After
incubation, an aliquot was streaked on Oxford and PALCAM
agar plates and incubated for 24h and 48h at 35°C. When suspect
Listeria colonies were present, they were submitted to proper
biochemical tests, according to Pagotto, Daley, Farber and
Warburton (23). All media were from Oxoid Ltd, UK.

Hazards in Brazilian non-pasteurized milk

RESULTS AND DISCUSSION

All tested samples were negative for Salmonella and L.
monocytogenes. Table 2 shows the results according to the
geographic origin of the samples. In the majority of the samples
(75.7%), the counts of mesophilic aerobes were above 10° CFU/
mL, and in 80.4% the number of coliforms was higher than 10?
CFU/mL. In 29.4%, the counts of E.coli were above 10> CFU/mL.

None of the samples was positive for chlorine but
antimicrobials were detected in 11.5% of the samples.
Insecticides (organophosphates and carbamates) were detected
in high percentages: their prevalence varied from 42.9% up to
95.9% of the milk samples (Table 3).

The samples collected in Vigosa, Minas Gerais, presented a
slightly better quality that the ones collected in the other regions
(Table 2), which is certainly consequence of the PDPL-RV project
(Projeto de Desenvolvimento da Pecudria Leiteira da Regido de
Vigosa - Development of the Dairy Cattle Production in the
Region of Vicosa) implemented in the region, called, a successful
joint venture established in 1988 between University of Vicosa
and a private enterprise. The main goal of this program is to
assist small milk producers, helping them to establish good
farming practices, reduce costs and improve the quality of their
product (22). It should be also noted that raw milk samples
collected in Pelotas, RS, presented the lowest counts of E.coli,
indicating better hygiene conditions in that region.

Table 2. Counts of mesophilic aerobes, total coliforms and E. coli

in 210 raw milk samples collected in the regions of Londrina PR,

Enumeration of hygiene indicators
Mesophilic aerobes, total coliforms and Escherichia

Botucatu SP, Vicosa MG and Pelotas RS, Brazil.

coli were enumerated using Petrifilm™AC and EC plates
(3M do Brasil Ltda). Undiluted and 1:10 and 1:100 diluted
milk samples were plated in appropriate Petrifilm™plates,
incubated and interpreted according to the manufacturer

Counts log  Londrina
CFU/mL

Botucatu Vicosa Pelotas
PR SP MG RS

n %o n %o n % n %

instructions.

Detection of antimicrobials, insecticides and chlorine

Antimicrobial residues were investigated using Charm-
Test (Charm Sciences, Inc., USA). Two hundred microliters
of each milk sample were transferred to the kit, and incubated
in a water-bath at 62°C for 2h and 45 min. Development of a
blue color in the kit was interpreted as a positive result.

Insecticides (carbamates and organophosphates) were
detected by thin layer chromatography, as described in
AOAC(1).

Chlorine was investigated by adding 1.5 mL of 7%
Potassium lodine solution to 5 mL of raw milk sample (5).
Development of a yellow color was interpreted as a positive
result.

All tests included positive and negative controls.

mesophilic aerobes

<5 17 2698 3 600 2 4681 9 18.00
5-6 16 2540 13 2600 16 3404 12 2400
>0 30 4762 34 6800 9 1915 29 58.00
Sub total 63 10000 50 10000 47 10000 50 100.00
Total coliforms
2 12 2105 2 400 15 3191 11 2200
2-3 16 2807 24 4800 19 4043 29 58.00
>3 29 5088 24 4800 13 2766 10 20.00
Sub total 57 10000 50 10000 47 10000 50 100.00
E.coli
2 39 6842 28 5600 35 7447 42 8400
2-3 7 1228 10 2000 4 851 7 1400
>3 11 1930 12 2400 8 1702 1 2.00
Sub total 57 10000 50 10000 47 10000 50 100.00
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Table 3. Prevalence of antimicrobials and insecticides in raw milk samples
produced in Londrina - PR, Botucatu - SP, Vicosa - MG and Pelotas - RS.

que ddo preferéncia a esse tipo de leite.
Considerando a importancia desse mercado e

os conhecidos riscos a saide que o consumo

N insecticides de leite cru pode representar, este estudo avaliou
umber of . . s

samples antimicrobials organophosphates carbamates a .qual%dade microbiologica e a presenca de

Listeria monocytogenes, Salmonella spp.,

n (%) n (%) n (%) residuos de cloretos, antimicrobianos e

Londrina - PR 63 13(20.6) 27(42.9) 46 (73.0) inseticidas (organofosforados e carbamatos)

Botucatu - SP 49 04(8.2) 47(95.9) 27(55.1) em leite cru produzido em 210 propriedades

Vicosa- MG 47 04(8.5) 41(87.2) 40 (80.1) leiteiras localizadas em quatro importantes

Pelotas - RG 50 03(6.0) 42 (84.0) 41(82.0) estados produtores de leite no Brasil (Parana,

Total 209 24(11.5) 157(75.1) 154 (73.7) Sao Paulo, Minas Gerais e Rio Grande do Sul).

Negative results for Salmonella or Listeria detected in this
study indicate that the presence of unacceptable levels of
hygiene indicators, insecticides and antimicrobial residues are
more important risk factors than Salmonella spp and Listeria
monocytogenes in milk produced by Brazilian small milk
producers. However, these results should be interpreted with
care because negative results for the two pathogens may not
reflect reality. A high percentage of samples were positive for
antimicrobials and pesticides (Table 3), and these compounds
may have inhibited the growth of the pathogens during
enrichment of the samples. In addition, the intense competing
flora may have interfered too (16). It is well known that these
microorganisms may interfere in the efficiency of the pathogen
isolation procedures or induce sub-lethal injury in the
pathogens, interfering in their detection. In addition,
bacteriocin-producing microrganisms may have also inhibited
growth of these pathogens, especially L. monocytogenes (27).
Further studies are needed to clarify these interferences,
especially because preference for non-processed milk is a
worldwide trend (8).
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RESUMO

Perigos em leite nao-pasteurizado comercializado no
Brasil: ocorréncia de Salmonella spp, Listeria
monocytogenes e de residuos quimicos

A instabilidade do mercado de leite no Brasil for¢a pequenos
produtores de leite a procurar alternativas de comércio de sua
producdo, o que inclui a venda de leite cru para individuos
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Em 66% das propriedades selecionadas, a
ordenha era manual. Em 33% a ordenha era semi-
automdtica (ordenha mecanica balde ao pé) e
em apenas 1% o sistema de ordenha e armazenamento era
totalmente mecanico (sistema fechado). Todas as amostras de
leite cru foram negativas para L. monocytogenes, Salmonella
spp e residuos de cloretos. As contagens de aerébios mesofilos
foram superiores a 10° UFC/mL em 75,7% das amostras. Em 80,4%,
as contagens de coliformes foram superiores a 10> UFC/mL.
Escherichia coli foi detectada em 36,8% das amostras. Inseticidas
e residuos de antibidticos foram observados em 74,4% e 11,5%
das amostras, respectivamente. Niveis inaceitdveis de
microrganismos indicadores de higiene, inseticidas e residuos
de antibidticos foram considerados fatores de risco mais
importantes que os dois patdgenos estudados.

Palavras-chave: perigos, leite cru, Salmonella, Listeria
monocytogenes, indicadores de higiene, inseticidas,
antibioticos.
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