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Effect of the application of probiotic strains of
Enterococcus faecium on the physicochemical and
sensory characteristics of coalho cheese

Efeito da aplicacao de cepas probioticas de
Enterococcus faecium nas caracteristicas fisico-
quimicas e sensoriais de queijo coalho
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Highlights

Coalho cheeses inoculated with E. faecium have 3.5 times more lactic acid.
The strains of E. faecium do not change the sensory acceptance of the coalho cheese.
The absence of citric acid suggests production of aromatic compounds by E. faecium.

Abstract

Coalho cheese is a typical Northeastern Brazilian food whose production and consumption has expanded
considerably to other regions of the country. Despite its cultural and socioeconomic relevance, coalho
cheese still has a negative reputation due to problems in its physicochemical and microbiological quality
standards, especially when it is produced artisanally. For this reason, many researchers have been looking
for alternatives to improve the quality and the notoriety of this product, such as the application of probiotic
strains to inhibit pathogens. However, in addition to the research related to the desired probiotic properties
and the safety of strains for food application, it is important to know the possible changes in the food matrix
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caused by thisintervention. In this context, the aim of this study was to evaluate the effect of the incorporation
of probiotic strains of Enterococcus faecium on the physicochemical and sensory characteristics of coalho
cheese. The cheeses were made with pasteurized cow milk and probiotic strains of E. faecium were added
during production. Cheeses were also made without adding the strains, and considered as control cheeses.
The final products were evaluated for moisture, pH, titratable acidity, total carbohydrates, proteins, lipids, ash,
color, organic acid profile, and sensory attributes. In addition, viable lactic acid bacteria were also assessed.
Coalho cheeses containing E. faecium showed higher titratable acidity and lower pH. In addition, there was a
reduction in the carbohydrate content, which was attributed to lactose degradation. The organic acid profile
also varied, as highlighted by the increase in the concentration of lactic acid by a factor of 3.5, and by the
absence of citric acid as a possible result of the metabolism of E. faecium in the production of aromatic
compounds. There was no variation in the color or sensory acceptance of the cheeses. Therefore, the
application of probiotic strains of E. faecium in coalho cheese production changes some physicochemical
characteristics while maintaining essential properties, such as the color and sensory acceptability of the
final product.

Key words: Dairy product. Probiotics. Sensory analysis.

Resumo

O queijo coalho é um queijo tipico do Nordeste do Brasil, cuja producdo e consumo se expandiram
consideravelmente para outras regides do pais. Apesar de sua relevancia cultural e socioecondmica, o
queijo coalho apresenta uma reputacao negativa, devido a problemas em seus padrdes de qualidade fisico-
quimicos e microbiolégicos, principalmente quando é produzido artesanalmente. Por esse motivo, muitos
pesquisadores tém buscado alternativas para melhoria da qualidade e notabilidade desse produto, como
a aplicagao de cepas probiodticas que inibem patdgenos. No entanto, além da investigacao relacionada as
propriedades probidticas desejadas e de seguranca das cepas para aplicacdo em alimentos, é importante
conhecer as possiveis alteragbes na matriz alimenticia em virtude dessa adigcdo. Nesse contexto, o
objetivo deste estudo foi avaliar o efeito da incorporacdo de cepas probidticas de Enterococcus faecium
nas caracteristicas fisico-quimicas e sensoriais de queijo coalho. Os queijos foram elaborados com leite
de vaca pasteurizado e adicionados de cepas probiéticas de E. faecium durante a producdo. Também
foram elaborados queijos sem adicao das cepas, considerados queijos controle. Os produtos finais foram
avaliados quanto a umidade, pH, acidez titulavel, carboidratos totais, proteinas, lipidios, cinzas, cor, perfil de
acidos organicos e atributos sensoriais. Além disso, procedeu-se a contagem de bactérias acido lacticas
viaveis. Os queijos coalho adicionados de E. faecium apresentaram maior acidez titulavel e menor pH. Além
disso, houve uma redugdo no teor de carboidratos, atribuida a degradacéao da lactose. O. perfil de acidos
orgéanicos também variou, destacando-se pelo aumento da concentracao de acido lactico em um fator de
3,5 e pela auséncia de acido citrico, como possivel resultado do metabolismo de E. faecium na produgao
de compostos aromaticos. Nado houve variagcdo na cor nem na aceitacao sensorial dos queijos. Portanto, a
aplicagcao das cepas probiéticas de E. faecium deste estudo na producgao de queijos coalho, altera algumas
caracteristicas fisico-quimicas, mantendo propriedades importantes, tais como cor e aceitabilidade
sensorial do produto final.

Palavras-chave: Andlise sensorial. Produto lacteo. Probidticos.
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Introduction

Coalho cheese is a typical cheese type
from the Brazilian Northeast region, whose
production and consumption has considerably
spread to other regions (Sousa et al., 2014). It
is characterized by a white-yellowish color, has
moderate to high moisture content, slightly
acidic odor, and exhibits resistance to melting
when heated (Silva et al., 2016). It is mainly
commercialized on the beaches of the country
where it is served roasted (Soares et al., 2017),
with this being the primary means through
which the product reaches tourists from
several countries.

Despite its relevance in the cultural
and socioeconomic context, this dairy product
stil  requires standardization, especially
with respect to physicochemical and
microbiological aspects. The variation in its
obtainment process, coupled with the lack of
good manufacturing practices (GMP) in some
dairy products, generates low-quality and even
microbiologically unsafe products (Barros et
al., 2019; Medeiros et al., 2016). The reputation
of this cheese is often reported negatively,
especially when it is produced artisanally
without pasteurization of milk (Castro et al.,
2018).

In the search for alternatives to
relieve the notoriety of this product, several
studies have been conducted to increase its
microbiological safety and shelf life. These
studies highlight the use of plant extracts
with antimicrobial activity (Costa et al., 2020),
chitosan coating and incorporation (Barros
et al, 2019), and the inclusion of probiotic
microorganisms, such as Enterococcus
faecium, with antagonistic activity against
pathogens (Castro et al., 2018).
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Despite its reduced use compared to
other lactic acid bacteria, several strains of
E. faecium have presented positive and safe
results for application in foods, especially
cheeses. Studies report their efficiency in
inhibiting pathogens such as Staphylococcus
aureus (Castro et al.,, 2018) and Listeria spp.
(Schittler et al., 2019; Zommiti et al., 2018).
Furthermore, this genus is known to be
responsible for the development of flavor and
aroma in the maturation process of several
cheese types, and is recommended as an
adjunct culture (Yerlikaya & Akbulut, 2019).

In addition to investigations related to
the desired probiotic properties, and following
all safety guidelines established by the
World Health Organization (Food Agriculture
Organization of the United Nations/World Health
Organization [FAO/WHOQ], 2002), it is essential
to know the possible changes in the food
matrix caused by these microorganisms. In this
context, this study aimed to evaluate the effect
of the incorporation of probiotic strains of
Enterococcus faecium on the physicochemical
and sensory parameters of coalho cheese.

Material and Methods

Strains of E. faecium

Six strains of E. faecium from the
bacterial collection at the Laboratory of
Inspection and Technology of Animal Origin
Products - Milk of the Federal University of Sdo
Francisco Valley were used in the experiment,
with isolates identified as CAP 1, 4, 13, 14, 18,
and 19. These isolates were obtained from
goat cheeses, identified, and evaluated in
vitro for their probiotic characteristics and
safety aspects. In addition to meeting the
safety requirements for application in foods,
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the strains were characterized by presenting
antagonistic activity against the pathogenic
strain S QCSA24 of Staphylococcus aureus
isolated from cheeses (Castro et al., 2018).

For use in the present study, the
probiotic strains were thawed at room
temperature (£25 °C), spread into 10 mL of
Man, Rogosa, and Sharpe (MRS) broth, and
incubated at 37 °C for 72 hours. The colonies
developed were spread into MRS broth
supplemented with 5% glucose and incubated
under the same conditions. After this period,
the samples were centrifuged for 10 min and
washed in sterile distilled water, standardized
for turbidity analysis as per standard 2 of the
McFarland standards (Probac, Brazil), and
immediately dispatched for cheese production.

Cheese production

The cheese production process was
performed with six replications. First, the
milk was filtered and pasteurized at 65 °C for
30 min. Afterward, it was cooled to 36 °C and
50% calcium chloride (0.5 mL L") was added,
inoculated with the mixture containing the six
probiotic strains at the concentration of 6 x
108 CFU mL™" (except for the cheese sample
without the probiotic), and then liquid rennet
was added at 0.9 mL L' (Ha-La® Christian
Hansen Ind. & Com. Ltda., Valinhos, SP, Brazil).
The milk mixture was rested for 40 min until
coagulation occurred. The curd was then cut
into cubes, followed by stirring and drainage.
Saltwas added (15 gkg™), and the cheese mass
was distributed into perforated molds. After
ten min, the cheese samples were turned and
stored under refrigerationat 10 °C for 24 h. The
cheeseswere thenunmolded, vacuum-packed,
and stored at 10 °C for later physicochemical
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and sensory analyses, which were performed
eight days after cheese production. The count
of lactic acid bacteria was performed 20 days
after production, considering that this time
extends beyond the shelf-life of the coalho
cheese (Ministério da Agricultura, Pecuaria e
Abastecimento [MAPA], 2001).

Viable count of lactic acid bacteria

The viable count of lactic acid bacteria
(LAB) was determined using the pour plate
technique. In this procedure, 25 g samples
from each cheese were diluted in 225 mL of
sterile peptone water, and the mixture was
homogenized. Serial dilutions (up to 10°) were
obtained using the same diluent. Aliquots (0.1
mL) from each dilution were plated on MRS
agar (Acumedia, EUA) and incubated at 37 °C
for 72 h. The results were expressed as colony
forming units per gram of sample (CFU g™).

Physicochemical and color analyses

The cheese samples produced were
subjected to physicochemical analysis, to
determine their moisture, pH, titratable acidity
(in°Dornic), total carbohydrates, proteins, lipids,
and ash content (MAPA, 2006). Furthermore,
the samples were subjected to instrumental
color analysis using a colorimeter (MiniScan
EZ4500L, HunterLab, United States) calibrated
with the CIELab system.

Organic acid profile

For the determination of the organic
acid profile of the cheeses, the sample
extracts were initially obtained by adapting the
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methodology described by Zeppa, Conterno
and Gerbi (2001) and Oliveira et al. (2017).
Extraction was performed by adding 10 mL
of ultrapure water to 2 g of coalho cheese.
The mixture was homogenized in a multi-tube
vortex mixer for 3 min and centrifuged at 2,060
g for 15 min. The supernatant was filtered
through a membrane with pores of 0.45 pm
diameter and used for analysis.

Acid quantification was performed
using high-performance liquid chromatography
(HPLC) (1260 Infinity Agilent Technologies, Santa
Clara, USA), according to the method described
by Coelho et al. (2018). The separation of organic
acids was performed in an HI column (Plex H
Agilent Technologies; 300 x 7.7 mm with 8 pm
particles) at 65 °C using 0.009 M sulfuric acid
as the mobile phase at a flow rate of 0.7 mL min
. A diode array detector (DAD) was used for
detection at wavelengths ranging from 220 to
275 nm. The results are expressed as g 100 g
of cheese.

Sensory evaluation

A 9-point hedonic scale was used for
the sensory analysis, with scores ranging from
1 (extremely dislike) to 9 (extremely like), with
5 as the central point (neutral - neither like nor
dislike). Cheese samples were evaluated for
their appearance, aroma, flavor, texture, and
global impression, using 80 untrained tasters
of both sexes, aged 18 years or older. The
cheese samples were delivered as raw cubes
of the same size (not fried or roasted) to the
tasters (1.5 cm edge), in a randomized manner.
Each taster received two cheese samples, one
with and one without the addition of E. faecium.

The analysis procedure was
previously approved by the Human Research
Ethics Committee of the Federal Institute
of Education, Science, and Technology of
Pernambuco (IF-Sertdo), under protocol
number 2.257.057.

Statistical analysis

The results obtained were assessed
based on the normality of the data using the
Shapiro-Wilk test. The variables for which
the data showed normal distribution were
subjectedtoanalysis of variance (ANOVA) using
the statistical software Sisvar (version 5.6,
Brazil). Variables with non-parametric behavior
were subjected to the Mann-Whitney test using
the SPSS 20.0 software. A significance level of
5% was considered for all analyses.

Results and Discussion

The coalho cheese produced with
the inoculation of E. faecium strains showed
a viable count of LAB of 2.2 x 10" CFU g,
whereas the control cheese showed a viable
count of 5.4 x 10° CFU g™, suggesting that the
E. faecium strains added to the product might
be present even after the shelf life, causing
alterations in the cheese considered to be
probiotic.

Table 1 shows the results of the
physicochemical and color analysis of the
cheeses produced. The moisture content was
similar in both treatments, without a significant
difference (p> 0.05). The observed values are
appropriate for coalho cheese as it exhibits
moderate to high moisture, containing up to
54.9 % of water (MAPA, 1996).
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Physicochemical characteristics and color parameters of coalho cheese without and with the addition
of probiotic strains of Enterococcus faecium

Moisture (%)

pH

Acidity (°Dornic)
Carbohydrates (g 100 g)
Proteins (g 100 g™)

Lipids (g 100 g™)

Ash (g 100g7)

L*

a*

b*

Cheese without Cheese with
E. faecium E. faecium
50.93 £ 1.532 53.90 + 1.312
6.07 £ 0.122 5.81 £ 0.03°
17.34 £ 2.75P 33.28 £ 0.97°2
3.58 £ 0.03° 3.19+0.17°
14.46 £ 0.732 13.97 + 1.5432
18.04 £ 0.572 19.30 + 1.032
3.23+0.17°2 3.08+0.112
93.98 + 0.46° 94.23+0.11°
1.68 +0.132 1.71 £ 0.03?
18.15 +0.21°2 18.44 + 0.332

Results are presented as the mean + standard deviation. Mean followed by the same lowercase letters in the same row

do not differ significantly according to the F-test, with 5% of significance.

The cheese with probiotic exhibited
a pH below that registered for the cheese
without the culture (p < 0.05). This difference
is related to a higher concentration of H* ions,
caused by the production of acids from the
metabolism of the added strains (Bezerra et al.,
2017), which was confirmed by the titratable
acidity results. The pH values observed in
this study are in accordance with the results
obtained by Sousa et al. (2014), who analyzed
coalho cheese samples from six Northeastern
Brazilian states (from 5.56 to 6.23 for cheeses
made with pasteurized milk).

Another parameter influenced by
the addition of E. faecium in coalho cheese
production was the carbohydrate content,
which was reduced. The main carbohydrate
present in cheeses is lactose, which lactic acid
bacteria use as a fermentation substrate when
most of the lactic acid is produced (Matera
et al., 2018). Thus, the lower carbohydrate
content in the cheese containing the probiotic

can be explained by the higher degradation of
lactose by lactic acid bacteria.

There was no significant difference
between the two cheese samples in terms
of the protein content (p > 0.05). However,
in both cases, the protein content observed
was considered low. For coalho cheese, the
value of this parameter usually exceeds 20%
(Queiroga et al., 2013; Matera et al.,, 2018). In
general, one of the factors that may be related
to protein reduction in the cheese mass is the
excessive hydrolysis of this component during
milk coagulation, releasing soluble peptides
that are removed in the whey (Karaca & Guven,
2018). The addition of E. faecium did not
change the lipid and ash content of the cheese.

The values of the L* a* and b* color
parameters were similar in both treatments (p>
0.05). The values obtained for L* indicate high
lightness, a characteristic of coalho cheese.
Similar values were reported by Queiroga et
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al. (2013) when evaluating coalho cheeses
produced from cow milk. A trend of cheese
coloration towards yellow was also observed
through the b* coordinate, depicting the white-
yellowish apparent color of the coalho cheese,
as foreseen in its Technical Regulation on
Identity and Quality (MAPA, 2001).

Table 2
Organic acids (g 100 g™') present in coalho cheeses without and with the addition of probiotic strains of
Enterococcus faecium

The organic acid profiles of the coalho
cheese samples quantified using high-
performance liquid chromatography (HPLC) are
shown in Table 2. The cheese samples without
and with E. faecium differed statistically (p <
0.05) in all identified and quantified organic
acids.

Organic acids Cheese w_ithout Cheese .with
E. faecium E. faecium
Lactic acid 0.176 + 0.04° 0.619 + 0.032
Citric acid 0.059 + 0.01 -
Acetic acid 0.035 + 0.00° 0.104 + 0.002
Formic acid 0.02 + 0.00° 0.016 + 0.00°
Succinic acid 0.031 £ 0.00

Results are presented as the mean t standard error. Mean followed by the same lowercase letters in the same row do
not differ significantly according to the F-test, with 5% of significance.

The production of lactic acid observed
in the cheese with E. faecium was 3.5 times
higherthanthat of cheese without the probiotic.
Lactic acid is usually the most important and
abundantacidincheese.ltisfoundinallcheese
types, although at various concentrations,
as a result of the transformation of glucose
and galactose through microbial metabolism
(Tofalo et al., 2015). The concentration of
this acid tends to increase right from the
production to the end of the shelf life of the
cheese and is related to the species of lactic
bacteria involved in the production process
(Bezerra et al., 2017).

Citric acid was observed only in the
cheese without E. faecium, at a concentration
of 0.059 g 100 g'. This acid is naturally
present in milk as the citrate ion (Bamidele

& Adejumo, 2012), but its concentration in
cheese decreases throughout maturation.
Its absence in the cheese with the probiotic
is related to the metabolism of citrate by E.
faecium, which occurs due to the fermentation
of citrate, obtaining pyruvate, finally leading
to the production of diacetyl, acetoin, and 2,3
butanediol aromatic compounds. The first
two compounds lend a buttery aroma to the
cheese (Martino, Quintana, Espariz, Blancato, &
Magni, 2016).

The presence of acetic acid was verified
in both the treatments at low concentrations,
and was higher in the probiotic cheese. This is
due to the heterofermentative characteristics
of E. faecium, whose metabolism acts distinctly
to produce acetic acid in addition to lactic acid
(Rodrigues et al., 2011).
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The means of the sensory evaluation
scores are shown in Table 3. The samples
differed (p < 0.05) only in terms of the
appearance, with the best scores obtained by
the control cheese. This attribute is considered
one of the most important in the acceptance
of any food since it is the first evaluation made
by customers before ingestion. Despite the
difference verified, the cheese inoculated with
E. faeciumwas well accepted, ranking between
"like slightly” and “like very much.” The

Table 3
Means of the scores obtained in the sensory analysis of the coalho cheese without and with the addition
of probiotic strains of Enterococcus faecium

customer’ s behavior regarding preferences
for coalho cheese traits involves several
observations, including color, brightness,
presence of apparent holes, oiliness, moisture,
andtexture (Soaresetal., 2017). Further studies
are required to better understand the influence
caused on cheese appearance by the addition
of strains of E. faecium. The behavior of the
cheeses after cutting and during consumption,
for example, should be evaluated to investigate
phenomena such as syneresis.

Samples Appearance Aroma
Cheese without 7.92+097°  7.26+1.38°
E. faecium

Cheese with 750+ 1.26°  6.80 £ 1.65°
E. faecium

Global

Texture . .
impression
7.14 +1.71°2 7.43 + 1.60°2 7.35+1.52°
6.90 + 1.75° 7.24 + 1.762 7.30 + 1.49°

Results are presented as the mean + standard error. Mean followed by the same lowercase letters in the column do not
differ significantly according to the Mann-Whitney test, with a 5% significance level.

The addition of probiotic strains to
the cheese did not influence its acceptance
with respect to aroma, flavor, texture, and
global impression, considering that the last
parameter represented all others. These
parameters received average scores around
7, which corresponds to the evaluation “like
moderately” on the scale applied. In a study
by Sarantinopoulos, Kalantzopoulos and
Tsakalidou (2002), the addition of E. faecium
strains in the production of Feta Greek cheese
was found to be sensorially viable; in this case,
besides not affecting the cheese negatively,
there was an improvement in the aroma, flavor,
and color characteristics of the cheese after

174

maturation. The maintenance or improvement
of sensory acceptability is a great challenge in
the food industry when modifying formulations
or processes, even if functional characteristics
are added to the product and benefit the
customer (Piqueras-Fiszman & Spence, 2015).

Conclusions

The addition of strains of E. faecium with
probiotic potentialin coalho cheese production
generated a product with higher titratable
acidity, lower pH, and a marked organic acid
profile while maintaining important traits, such
as color and sensory acceptability.
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