
QUALIFICAÇÃO 
TÉCNICA 

 
DESCRIÇÃO DO ITEM 

DOCUMENTOS 
APRESENTADOS RECURSOS 

TÉCNICOS 

PONTUAÇÃO 
MÁXIMA 
TOTAL PONTUAÇÃO 

 
a) Titulação Técnica 

Obrigatória (considerar 
somente a maior 

titulação) 

Graduação 05 pontos Graduação  

 
20 

Pós-Graduação nas áreas 
relacionadas no Anexo I e 
conforme a Resolução n.º 

04/2024/FAPESC, segundo a 
bolsa pretendida. 

20 pontos Mestrado 

 
30 pontos 

 
Doutorado 

 
b) Titulação Técnica Não 

Obrigatória 

Pós-Graduação nas áreas 
relacionadas no Anexo I, 

conforme a modalidade de 
vaga pretendida. 

 
05 pontos por diploma 

(máximo 01) 

Especialização 
lato sensu (não 

obrigatório). 

 
05 

 
 
 

c) Capacidade Técnica 
Obrigatória 

 
Capacidade técnica 

comprovada conforme 
especificações relacionadas 
no Anexo I, conforme a bolsa 
pretendida, nos últimos 05 

(cinco) anos. 

 

 
03 pontos por 
documento 
(máximo 10 
documentos) 

Documentos que 
comprovem a 
experiência 

técnica descrita 
no Anexo I, 
conforme a 

modalidade de 
vaga pretendida. 

 

 
         18 

 
 
 
 
 
 

 
d) Produção Científica* 

(Considerar o WebQualis 
da CAPES 2017–2020) 

Artigo publicado 
em periódicos, na 
área pretendida, 

conforme 
especificações do 

Anexo I, nos 
últimos 05 (cinco) 
anos (2020–2024) 

Qualis A1 30 pontos  

 
Documentos que 

comprovem a 
produção 
científica 

 
 
 
 
 
 
 

 
73 

Qualis A2 26 pontos 

Qualis A3 21 pontos 

Qualis A4 15 pontos 

Qualis B1 12 pontos 

Qualis B2 10 pontos 

Qualis B3 06 pontos (máximo 05) 

Qualis B4 02 pontos (máximo 05) 

Livro na área pretendida, 
conforme especificações do 

Anexo I, nos últimos 05 
(cinco) anos 

 
30 pontos 

(máximo 02) 

 
Com ISBN 

Capítulo de Livro na área 
pretendida, conforme 

especificações do Anexo I, 
nos últimos 05 (cinco) anos 

 
13 pontos 

(máximo 02) 

 
Com ISBN 

TOTAL 116 
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Keywords:
Pasteurized milk
Spoilage
Mathematical model
Refrigeration temperature
Enzymatic activity
Psychrotrophic bacteria

A B S T R A C T

This study evaluated the lipase and protease production by psychrotrophic bacteria in refrigerated pasteurized 
milk. Samples were stored at 4, 6, 8, and 10 ◦C during 10 days to simulate refrigerated storage including abuse 
temperatures. The results demonstrated that although the pasteurization reduced significantly the bacterial 
counts, part of the psychrotrophs population is able to survive and grow during refrigeration. Moreover, enzy-
matic activity occurred mainly at the higher temperatures (8 and 10 ◦C) during the lag and exponential growth 
phases throughout the 10-day analysis period, contributing to the samples spoilage. Thus, the study reinforces 
the importance of a strict control of refrigeration temperature during storage of pasteurized milk. A mathe-
matical model comprised of three differential equations was able to describe successfully the bacterial growth 
and lipase and protease production. This approach can provide helpful insights regarding spoilage of refrigerated 
pasteurized milk.

1. Introduction

Milk consumption plays a crucial role in promoting calcium ab-
sorption, maintaining a healthy intestinal microbiota, and facilitating 
the digestive process (Lambrini et al., 2021). In 2023, Brazil ranked as 
the world’s sixth-largest producer of cow’s milk, with sales exceeding 
8.4 billion liters (Statista, 2024). Additionally, in 2022, the country 
exported $19.6 million worth of milk to global markets (OEC, 2024). 
Milk products are widely consumed in Brazil, with approximately 91 % 
of the population including them in their diet (Andretta et al., 2022).

Despite its nutritional richness, milk is highly susceptible to 
contamination by bacteria from various sources, including the envi-
ronment, the animal itself, and contaminated equipment (Teleken et al., 
2011; Martin et al., 2018). Pasteurization remains the standard tech-
nology to ensure the microbiological safety of milk products 
(Abrahamsen & Narvhus, 2022). While pasteurization effectively 

inactivates most psychrotrophic bacteria, some survive and produce 
heat-stable enzymes that remain active even after the pasteurization 
process (Nörnberg et al., 2010). Furthermore, contamination 
post-pasteurization from equipment, water, or the environment, 
particularly with Gram-negative bacteria, is a frequent occurrence 
during processing (Lau et al., 2022).

Psychrotrophic bacteria dominate the microbiota of milk during cold 
storage, producing extracellular enzymes such as proteases and lipases 
(Saha et al., 2024). Among these, Pseudomonas spp. is the most 
commonly found psychrotrophic bacterium in refrigerated milk and is 
also a major contributor to spoilage in other refrigerated foods, such as 
meat (Robazza et al., 2017). In pasteurized milk, these enzymes degrade 
components such as lipids and proteins, leading to spoilage and quality 
deterioration (Chang et al., 2024). Protease activity, in particular, can 
cause significant defects, including the development of off-flavors and 
protein coagulation in stored ultra-high temperature (UHT) milk 
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a b s t r a c t

To circumvent fluctuations in the dairy industry, freezing acid casein is a way to enhance autonomy in the
production of quality dairy products. Thus, the aim of the present study was to evaluate frozen acid
casein and its application in the production of processed cheese on an industrial scale considering the
real logistics of a dairy product. Changes in protein were evidenced by relative casein, electropherograms
and microstructure. Also, the melting time was longer for frozen acid casein to obtain the standard
moisture content. The texture profile introduced increase in hardness with the increase in freezing time.
Positive results were found for the b* colour parameter, tending the characteristic yellow colour of
processed cheese. However, these changes were not observed in the chemical parameters of the pro-
cessed cheese, indicating that frozen acid casein can be used to produce processed cheese with char-
acteristics that meet industry standards.

© 2021 Elsevier Ltd. All rights reserved.

1. Introduction

Freezing is an industrial operation that enables extending the
expiration date, while preserving the sensory aspects and nutritive
value of ready-to-eat dairy products as well as ingredients used in
the formulation of such products (Kuo & Gunasekaran, 2003).
However, this operation can cause changes in the product, such as
protein destabilisation, the aggregation and disruption of the casein
structure, and the entrapment of fat globules, resulting in the
destabilisation of the emulsion and the coalescence of globules
after thawing (Kljajevic et al., 2016; Meza, Verdini, & Rubiolo, 2011).

Dairy products derived from acid casein are among the oldest
and most popular foods in the world, such fresh sour cheese, petit
Suisse, and processed cheese (Li & Zhao, 2019). Acid casein is ob-
tained through the fermentation of milk by mesophilic dairy cul-
tures, especially Lactococcus lactis ssp. lactis and L. lactis ssp.
cremoris, which use lactose as a substrate, altering the milk struc-
ture and disordering the structure of the casein micelle due to the
acidification of the medium; upon reaching the isoelectric point
(pH near 4.6), the aggregation of the casein molecules occurs, with
less solubilization power (Li & Zhao, 2019; Van Dender, 2014).

The production of processed cheese with acid casein is a com-
mon practice, resulting in a high-quality finished product with

greater elasticity and more flavour (Cruz, Zacarchenco, Oliveira, &
Corassin, 2017; Scheurer, 2005; Van Dender, 2014). Acid casein is
used as the protein base in processed cheeses, along with milk fat
and emulsifying salts in a fusion process (Cerníkov�a, Nebes�arov�a,
Salek, Rih�ackov�a, & Bunka, 2017; Solowiej, Cheung, & Li-Chan,
2014). Due to the absence of a rigid protein matrix, processed
cheeses have spreadability characteristics controlled by the
manufacturing parameters, composition of the formula, and
changes in the protein structure of the raw materials (Belsito et al.,
2017; Cerníkov�a et al., 2017).

Given consumption trends and the need to perform in a
competitive market, freezing is a possible alternative to boost the
production of cheese and dairy products. Therefore, studies that
demonstrate the influence of this process are needed. The purpose
of the present study was to evaluate the effect of freezing on acid
casein and its application in the production of processed cheese on
an industrial scale.

2. Materials and methods

2.1. Acid casein production and freezing

Pasteurised skim milk was fermented at 43 �C with Strepto-
coccus salivarius, Lactobacillus delbrueckii subsp. bulgaricus, and
Lactobacillus helveticus (Proquiga Coalhopar) until pH 5.10, when
curd formation occurred in a cheese production tank with a ca-
pacity of 10,500 L. Curd cutting was performed at pH 5.0, followed
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