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Abstract

The shelf life of milk and milk derivatives is directly related to the microbiological quality of refrigerated 
raw milk. Spoilage microorganisms with proteolytic and/or lipolytic properties are primarily responsible 
for the decrease in the quality of milk, which is reflected in the shelf life of pasteurized milk and all 
derivatives. The aim of this study was to determine the spoilage microbial load of refrigerated raw 
milk from the northeast and southern regions of Brazil, which have different climatic and technological 
conditions of production. We evaluated 46 samples of milk from the state of Paraná in the southern 
region, and 10 samples of milk from the state of Maranhão in the northeast region, totaling 56 samples 
collected from November 2013 to November 2014. The producers of Paraná were divided into large (20) 
or small (26) according to the average daily production. All producers of Maranhão were considered 
small (<500L/day). The proteolytic and lipolytic microorganism counts were conducted in milk agar 
and tributyrin agar, respectively. Milk from the large producers of Paraná had average counts of 1.4 
× 104 CFU/mL for proteolytic microorganisms and 1.2 × 103 CFU/mL for lipolytics microorganisms, 
significantly (p <0.05) lower than the small producers in the same state, and the producers of Maranhão. 
Producers of Maranhao had counts of 1.1 × 105 CFU/mL for proteolytic microorganisms and 2 × 105 
CFU/mL for lipolytic microorganisms, with the proteolytic count significantly lower than that of 
small Paraná producers. The amount of proteolytic and lipolytic spoilage microorganisms in milk is 
influenced by the adaptation of the microorganisms to cold, promoted by the cooling of milk, which is 
practiced less frequently in the country’s northeastern region. The amount of spoilage microorganisms 
is also affected by the implementation of milking hygiene practices, which reduce contamination. Such 
practices are more frequently and efficiently implemented among large producers with more advanced 
technology, which can improve the microbiological quality of raw milk, thus increasing the shelf life of 
pasteurized milk, and reducing problems in UHT milk as well as milk derivatives.
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A vida útil do leite e de seus derivados está diretamente relacionada à qualidade microbiológica 
do leite cru refrigerado. Os micro-organismos deteriorantes proteolíticos e/ou lipolíticos são os 
principais responsáveis pela diminuição da qualidade tecnológica do leite, repercutindo na vida útil 
do leite pasteurizado, UHT e todos os derivados. Nesse contexto, o objetivo do presente trabalho 
foi determinar a carga microbiana deteriorante do leite cru refrigerado das regiões nordeste e sul do 
Brasil, que apresentam diferentes condições climáticas e tecnológicas de produção. Foram avaliadas 
46 amostras de leite do estado do Paraná, região sul, e 10 amostras do Maranhão, região nordeste, 
totalizando 56 amostras coletadas no período de novembro de 2013 a novembro de 2014. Os produtores 
paranaenses foram divididos entre grandes (20) ou pequenos (26) de acordo com a produção diária 
média. Todos os produtores do estado do Maranhão foram considerados pequenos (< 500L/dia). Foi 
realizada a contagem de micro-organismos proteolíticos e lipolíticos em ágar leite e ágar tributirina, 
respectivamente. O leite oriundo dos grandes produtores do estado do Paraná apresentou contagens 
médias de 1,4 x 104 UFC/mL para proteolíticos e 1,2 x 103 UFC/mL para lipolíticos, significativamente 
(p<0,05) mais baixas em relação pequenos produtores do mesmo estado, e também menores que as 
contagens dos produtores maranhenses. Os produtores do estado do Maranhão apresentaram contagens 
de 1,1 x 105 UFC/mL para proteolíticos e 2 x 105 UFC/mL para lipolíticos, com contagem de proteolíticos 
significativamente inferior à apresentada por pequenos produtores do Paraná. As contagens de micro-
organismos deteriorantes proteolíticos e lipolíticos no leite são influenciadas pela adaptação desses 
micro-organismos ao frio, promovido pela refrigeração do leite, menos frequente na região nordeste 
do país, bem como pela implantação de práticas de higiene de ordenha, que diminuem a contaminação 
por estes e outros micro-organismos. Tais práticas são mais frequentes e eficientes entre os grandes 
produtores que apresentam maior tecnificação na produção, melhorando a qualidade microbiológica do 
leite cru e, consequentemente, a vida útil do leite pasteurizado, reduzindo problemas tecnológicos no 
leite UHT e derivados lácteos.
Palavras-chave: Deteriorantes, lipólise, proteólise, vida útil

Introduction

Brazil is the fourth largest producer of milk in the world (FAO, 2013); however, there are still problems 
with quality and productivity. The most prominent problem with the quality of milk is the excessive 
contamination of raw milk, which leads to rapid deterioration of the products, including pasteurized and 
UHT milk (TAMANINI, 2012). Thus, pasteurized milk in Brazil has an average shelf life of five days, while 
milk produced in the USA can last up to 20 days. This greatly decreases the competitiveness of Brazilian 
milk in the international market. The spoilage of refrigerated milk is mainly due to bacterial activities on 
the protein and fat found in milk (SANTANA et al., 2001).

There are variations of microbiological quality between large and small milk producers (RIBEIRO 
JÚNIOR et al., 2015), and between different regions of the country. The Normative Instruction n. 62, 
which regulates the quality control of refrigerated raw milk in Brazil, determines different microbiological 
parameters in milk produced in northern and northeastern Brazil (BRASIL, 2011).

Much of the country’s dairy farmers consists of small and medium producers, with low production 
and productivity (OHI, 2010). However, in certain dairy regions such as Castro and Paraná, there are 
dairy farms that produce thousands of liters of milk per day, with bacterial counts from less than 10,000 
Colony Forming Units (CFU)/mL, which meets the strictest international quality standards, to 100,000 
CFU/mL (USA, 2003; EUROPEAN UNION, 2004). This is due to the technification of the properties, 
careful milking hygiene, the cooling rate of milk and effective technical advice.

The cooling of milk controls the mesophilic microbiota, which are predominantly saccharolytic. These 
bacteria degrade lactose to lactic acid, and promotes the acidification of milk (TRONCO, 2008). Milk 
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cooling conditions can also stop the development of 
psychrotrophic microorganisms, whose metabolism 
is predominant proteolytic and lipolytic (SANTANA 
et al., 2001). Cooling will not solve problems with 
milk quality, and must be accompanied by good 
hygienic practices during milking.

Bacterial proteolytic enzymes, similar to 
chymosin, act mostly on κ-casein, resulting in 
the destabilization of casein micelles, and the 
coagulation of milk (FAIRBAIRN; LAW, 1986; 
RECIO et al, 2000). This category of enzymes plays 
a role in various problems in the food industry, 
including sedimentation and gelation of UHT milk, 
formation of undesirable amino acids during cheese 
ripening, and the development of bitterness in milk 
and milk products (CELESTINO et al., 1997).

Lipolysis results from the action of natural 
lipases and/or microbial enzymes. These enzymes 
have the property of hydrolyzing triglyceride fat 
constituents of short chain fatty acids, including 
butyric, caproic, caprylic, and capric acids, and 
are primarily responsible for the appearance of 
unpleasant odors in milk. For example, lipases have 
been shown cause rancidity in cheese (CHEN et al., 
2003).

Some of the proteolytic and lipolytic 
microorganisms found in milk, such as the genus 
Bacillus, are resistant to pasteurization (RIBEIRO 
JÚNIOR et al., 2014, 2015). Thus, there is a close 
relationship between the load of microorganisms 
that produce spoilage enzymes in raw milk, and the 
shelf life of products (SANTANA et al., 2001).

In Brazil, there are few studies determining the 
total count of spoilage microorganisms in milk. The 
objective of this study is to determine the proteolytic 
and lipolytic microbiota of refrigerated raw milk in 
southern and northeastern Brazil.

Materials and Methods

We evaluated 20 samples of refrigerated raw 
milk from large producers. We also evaluated 

26 samples of refrigerated raw milk from small 
producers in the state of Paraná, southern Brazil, 
and 10 samples from small producers in the state 
of Maranhão, northeastern Brazil, for a total of 56 
samples. In Paraná, the samples were collected from 
large producers in the municipalities of Castro and 
Arapoti, and small producers in the municipalities 
of Londrina, Sertanópolis, Bela Vista do Paraiso, 
Arapongas and Tamarana. Samples from Maranhão 
were collected in the municipalities of Bacabal, 
Codó, Peritoró, and Timon.

Large producers were defined as having a 
production rate of up to 5000 liters per day, and 
small producers with a production rate of up to 500 
liters per day. Small producers generally possessed 
manual or foot controlled mechanical milking 
bucket systems. In Paraná, the small producers 
cooled the milk in immersion or expansion tanks. 
In Maranhão, 80% of the producers did not cool 
their milk. All major producers had channeled the 
milking and cooling system in the expansion tank, 
and two producers had pre-cooling technology in a 
plate system.

Samples from Paraná were analyzed at the 
Inspection Laboratory Animal Products at the 
State University of Londrina and samples from 
Maranhão were anaylzed at the Federal Institute 
of Microbiology Laboratory of Maranhão, Caxias 
campus. The samples were collected with the 
aid of a shell for collecting previously sterilized 
samples. The milk from the cooling tanks or cans 
was undercooled, and transported in sterile bottles 
to the laboratories. Samples were collected from 
November 2013 to November 2014.

Serial dilutions of the samples were performed 
in saline (0.85%) peptone (0.1%) water, and seeded 
in duplicate milk agar (9:1) supplemented with 
skim milk powder solution (10%), and tributyrin 
agar (99: 1) supplemented with tributyrin for the 
counting of proteolytic and lipolytic bacteria, 
respectively (BEERENS; LUQUET, 1990). The 
plates were incubated at 32 ± 1°C for 48 hours 
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(FRANK; YOUSEF, 2004). Only colonies with 
translucent halos were counted.

The counts were converted into logarithmic 
scale, and we used the Student t-test in Microsoft 
Excel® 2010 with α = 5% to calculate significance.

Results and Discussion

The mean count for the total samples evaluated 
were 5 × 105 CFU/mL for proteolytic bacteria, and 
8.6 × 105 CFU/mL for lipolytic bacteria (Tables 1 
and 2). Milk from the large producers in Paraná had 
counts of 1.4 × 104 CFU/mL and 1.2 × 103 CFU/mL 
for proteolytic and lipolytic bacteria, respectively. 

These counts are low compared to the counts in 
the milk samples from small producers in the same 
state, which had average counts of 1 × 106 CFU/mL 
and 1.8 × 106 CFU/mL for proteolytic and lipolytic 
bacteria, respectively.

Comparing the results from the large and small 
producers in the state of Paraná, one can observe 
a significant difference (p = 0.0002) in proteolytic 
bacteria counts. There are also significant differences 
in the counts of proteolytic bacteria between the large 
producers and the small producers of Maranhão (p 
= 0.04), and between the small producers of Paraná 
and the small producers of Maranhão (p = 0.0007) 
(Table 1).

Table 1. Proteolytic microorganisms of refrigerated raw milk samples from small and large producers of Parana state 
(PR) and small producers of Maranhão state (MA), Brazil, from November 2013 to November 2014.

Small (PR) Large (PR) Small (MA) All the samples
Minimum (CFU/mL) 2.1 × 103 4 × 101 1,5 × 104 4 × 101

Maximum (CFU/mL) 4.6 × 106 2.7 × 105 3.6 × 105 4.6 × 106

Mean* (CFU/mL) 1 × 106a 1.4 × 104b 1.1 × 105c 5 × 105

Median (CFU/mL) 5.1 × 105 1.3 × 103 5.5 × 104 3 × 104

Standard deviation ± 1.2 × 106 ± 5.7 × 104 ± 1.3 × 105 ± 9.6 × 105

* Values followed by different numbers in the same row differ by Student’s t test at 5% probability.

There was a significant difference in the counts 
of lipolytic bacteria (p = 0.01) between samples 
from the Maranhão producers and those from the 

large producers of Paraná state, and between the 
small and large producers Paraná (p = 0.07), but not 
between the small producers of the two states (p = 
0.1) (Table 2).

Table 2. Lipolytic microorganisms of refrigerated raw milk samples from small and large producers of Parana state 
(PR) and small producers of Maranhão state (MA), Brazil, from November 2013 to November 2014.

Small (PR) Large (PR) Small (MA) All the samples
Minimum (CFU/mL) 5 × 102 2 × 102 2.7 × 104 2 × 102

Maximum (CFU/mL) 2.5 × 107 5.5 × 103 6.3 × 105 2.5 × 107

Mean* (CFU/mL) 1.8 × 106ab 1.2 × 103a 2 × 105b 8.6 × 105

Median (CFU/mL) 2 × 105 9 × 102 1.2 × 105 2.7 × 104

Standard deviation ± 4.9 × 106 ± 1.1 × 103 ± 2.1 × 105 ± 3.4 × 106

* Values followed by different numbers in the same row differ by Student’s t-test at 5% probability.
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Figure 1 shows the distribution of these counts. 
As for the counts of proteolytic bacteria, 75% of the 
samples from the large producers were below the 
minimum count found in samples from the small 
producers in the state of Paraná, and 100% were 
below the minimum counts observed in samples 

from the producers of Maranhao. Over 75% of the 
counts of lipolytic bacteria from small producers of 
Paraná were above the maximum count observed 
in samples from the large producers. Samples from 
the producers of Maranhão also had higher counts 
of lipolytic bacteria than samples from the large 
producers.

Figure 1. Distribution of proteolytic (Prot.) and lipolytic (Lipo) microorganisms counts (log) in refrigerated raw milk 
samples from large (A) and small (B) producers of Paraná state (PR) and small producers (C ) of Maranhão state (MA) 
from November 2013 to November 2014.

The producers from the state of Maranhão 
had mean counts of 1.1 × 105 CFU/mL and 2 × 
105 CFU/mL for proteolytic and lipolytic bacteria 
respectively, which is lower than the small 
producers from the state of Paraná. This difference 
may be related to the adaptation of microbiota 
composition in response to cooling temperatures. In 
the entire region of southern Brazil, including the 
state Paraná, milk cooling has been implemented 
for years, even prior to the legal implementation of 
IN 51 (BRASIL, 2002). In contrast to the milk from 
Maranhao where small producers rarely cool milk, 

cooling practices may have led to the selection 
of psychrotrophic microorganisms in the milk 
produced in Paraná, resulting in the predominance 
of mesophilic microorganisms with primarily 
saccharolytic metabolism (NERO et al., 2009).

The high level of contamination in the milk 
from the small producers of Paraná despite the 
implementation of cooling was not associated with 
the adoption of hygienic practices during milking, 
but could be due to an adaptation of microorganisms 
to new growth condition. Thus, it is not surprising 
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that milk from small producers in the state of Paraná 
presented higher counts of proteolytic and lipolytic 
micro-organisms compared to milk from Maranhão 
producers. Proteolytic and/or lipolytic metabolisms 
predominate in bacteria adapted to growth under 
refrigeration temperatures, which are considered 
psychrotrophic (SANTANA et al., 2004).

The significantly lower counts observed in milk 
from the large producers in relation to those from 
the small can be attributed mainly to differences in 
production conditions, which are also reflected in 
the quality of milk produced (RIBEIRO JÚNIOR 
et al., 2014, 2015). It is common in Maranhão state 
and in northeastern regions of Brazil for milk to 
be produced in dairy farms that do not yet meet 
all the legal requirements for milk production 
(NERO et al., 2005). In contrast, the large milk 
producers of southern and southeastern Brazil 
have higher technical standards in farms, ensuring 
animal productivity and nutritional values of milk 
(RIBEIRO JÚNIOR et al., 2014). They also have 
high standards of hygienic practices during milking 
(VALLIN et al., 2009; MATSUBARA et al., 2011; 
BELOTI et al., 2012) and suitable refrigeration 
equipment.

Mattos et al. (2010) found that 83% of dairy 
farms in Pernambuco, northeastern Brazil, produced 
milk with microbial counts greater than 106 CFU/
ml due to poor hygiene practices during milking, 
the predominance of manual milking, and a lack 
of milk cooling. Silva et al. (2011) found that the 
main points of microbiological contamination of 
milk are, in descending order, residual brass water, 
brass bottoms, coolers, ceilings, jets, liners, buckets 
and hands of the milker. Controlling the microbial 
contamination of milk at these points of contact 
(MATTOS et al., 2010) is considered to be the main 
obstacle to meeting the Brazilian legal parameters 
(BRASIL, 2011). Another factor that discourages 
the implementation of best milking practices is the 
lack of monetary incentive for high quality milk 
(BELOTI et al., 2013).

The observed differences in microbial counts are 
dependent more on the conditions of production and 
the application of appropriate hygienic practices 
than the region of production. Control of spoilage 
microorganisms in raw milk is directly related to the 
reduction of mesophilic microbial load (RIBEIRO 
JÚNIOR et al., 2014, 2015). Therefore, counts of 
proteolytic and lipolytic bacteria are lower among 
the large milk producers, and higher among the 
small producers regardless of regional location. 
Furthermore, the practice of refrigeration in 
southern Brazil may have resulted in the selection 
for proteolytic and lipolytic psychrotrophic 
microorganisms, which have adapted to colder 
temperatures and can grow quickly, thus reducing the 
cooling efficiency in controlling microbial growth 
and increasing the deterioration of refrigerated milk 
produced by small dairy farms in the region.

Our study indicates that the same control for 
mesophilic microorganisms are needed for control 
of psychrotrophic microbiota, namely proteolytic 
and lipolytic bacteria, and need to be implemented 
urgently by small farmers in both regions studied. 
Cooling as an isolated tool has compromised 
efficiency when microbial contamination is high 
due to bacterial adaptations. Monetary incentive for 
high milk quality can encourage farmers to adopt 
higher standards of practices in milk production and 
elevate the standards of milk to legal parameters.
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