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ABSTRACT 

LIMA, Tatiana Santos, M.Sc., Universidade Federal de Viçosa, February, 2021. Evaluation of 

emulsifying salt JOHA® HBS against Bacillus spp. Advisor: Antônio Fernandes de Carvalho. 

Co-advisors: Evandro Martins and Solimar Gonçalves Machado. 

Processed cheese is the most consumed type of cheese in the world and, in Brazil, “requeijão” 

is a type of highly consumed processed cheese that, in addition to economic importance, also 

has cultural importance. In the formulation of “requeijão”, as well as in processed cheeses in 

general, emulsifying salts are added to give the product improved properties, such as melting, 

texture and different flavors, in addition to being able to present bacteriostatic activity. Thus, 

the aim of this study was to compare the action of the emulsifying salt JOHA® HBS and 

preservatives commonly used in the production of cheese processed on Bacillus spp. In order 

to analyze the in situ effect of the JOHA® HBS salt and the preservatives nisin+potassium 

sorbate against strains of Bacillus spp., a dairy matrix was produced in three treatments: 

addition of 0.5% JOHA® HBS salt; addition of 0.0012% nisin and 0.1% potassium sorbate 

combined; and control without the addition of preservatives and/or emulsifying salt. The 

physical-chemical characterization of the dairy matrix was performed to determine its 

composition. An in vitro evaluation of the antimicrobial activity of the JOHA® HBS salt and 

preservatives was also carried out to compare with the results obtained in the in situ assessments. 

The minimum inhibitory concentration (MIC) of the JOHA® HBS salt was performed in in vitro 

and in situ tests by spectrophotometry and plate counting, respectively. The physical-chemical 

parameters of the dairy matrix showed a significant difference only for protein and moisture 

content. The emulsifying salt JOHA® HBS had a similar effect to preservatives in relation to 

the increase in cell count (CFU/mL) against the microorganisms tested, however, microbial 

growth could be observed throughout the period of storage of the dairy matrix for all treatments. 

In in vitro tests, the emulsifying salt did not exhibit similar behavior to preservatives, being 

ineffective against the tested strains. On the other hand, treatment with nisin+sorbate showed 

positive results in in vitro tests, suggesting that the dairy matrix may have interfered with the 

antimicrobial action of these preservatives in in situ tests. The MIC found for the 

microorganisms evaluated is above 2.86% (w/v) and exceeds the maximum amount of 

phosphates allowed by Brazilian legislation, in addition to being technologically not viable. The 

controversial results of this study may be related to microbial resistance and/or the influence of 

divalent ions in the medium..  



 

 

RESUMO 

LIMA, Tatiana Santos, M.Sc., Universidade Federal de Viçosa, fevereiro, 2021. Avaliação da 

ação de sal fundente JOHA® HBS contra Bacillus spp. Orientador: Antônio Fernandes de 

Carvalho. Coorientadores: Evandro Martins e Solimar Gonçalves Machado. 

Queijo processado é o tipo de queijo mais consumido no mundo e, no Brasil, o requeijão é um 

tipo de queijo processado muito consumido que, além de importância econômica, tem também 

importância cultural. Na formulação do requeijão, assim como nos queijos processados em 

geral, são adicionados sais emulsificantes para conferir ao produto propriedades aprimoradas, 

como derretimento, textura e diferentes sabores, além de também poderem apresentar atividade 

bacteriostática. Assim, o objetivo deste estudo foi comparar a ação do sal emulsificante JOHA® 

HBS e de conservantes comumente usados na produção de queijos processados sobre Bacillus 

spp. Para analisar o efeito in situ do sal JOHA® HBS e dos conservantes nisina+sorbato de 

potássio contra estirpes de Bacillus spp., matriz láctea foi produzida em três tratamentos: adição 

de 0,5% sal JOHA® HBS; adição de 0,0012% de nisina e 0,1% de sorbato de potássio 

combinados; e o controle sem adição de conservantes e/ou sal emulsificante. Foi realizada a 

caracterização físico-química da matriz láctea para determinação de sua composição. Uma 

avaliação in vitro da atividade antimicrobiana do sal JOHA® HBS e conservantes também foi 

realizada para comparar com os resultados obtidos nos experimentos in situ. A concentração 

inibitória mínima do sal JOHA® HBS foi realizada em testes in vitro e in situ por 

espectrofotometria e por contagem em placas, respectivamente. Os parâmetros físico-químicos 

da matriz láctea apresentaram diferença significativa apenas para os teores de proteína e 

umidade. O sal emulsificante JOHA® HBS teve efeito semelhante aos conservantes em relação 

ao aumento da contagem de células (UFC/mL) contra os microrganismos testados, no entanto, 

pôde-se observar crescimento microbiano ao longo do período de estocagem da matriz láctea 

em todos os tratamentos. Nos testes in vitro, o sal não apresentou comportamento semelhante 

aos conservantes, sendo não efetivo contra as estirpes testadas. Por outro lado, o tratamento 

com nisina+sorbato apresentou resultados positivos nos testes in vitro, sugerindo que a matriz 

láctea possa ter interferido na ação antimicrobiana destes conservantes nos testes in situ. A 

concentração inibitória mínima (MIC) encontrada para os microrganismos avaliados se 

encontra acima de 2,86% (m/v) e supera a quantidade máxima de fosfatos permitida pela 

legislação brasileira, além de serem tecnologicamente não viável. Os resultados controversos 

deste estudo podem estar relacionados com resistência microbiana e/ou com influência de íon 

divalentes no meio. 
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1. INTRODUCTION 

Processed cheeses are one of the most important products in the dairy industry and can 

have several applications for consumption, explaining its popularity (OLIVEIRA et al., 2016). 

The main idea that motivated the creation of processed cheeses was to increase the shelf life of 

natural cheeses, in addition to finding alternatives for unsold natural cheeses (KAPOOR; 

METZGER, 2008). Nowadays, there are different types of processed cheeses, including a very 

popular one in Brazil, called “requeijão”, with hard and creamy varieties. “Requeijão cremoso”, 

which is a creamy variety, is a spreadable processed cheese, manufactured by mixing the 

washed curd with fats, such as anhydrous fat and/or butter (OLIVEIRA et al., 2018). 

Data show that the consumption of these processed cheeses is quite expressive. Cheese 

consumption per capita in the United States increased by 16% between 2010 and 2018, while 

the increase was 48% for processed cheeses in the same period (USDA, 2019). Cheese 

consumption in Brazil increased by 68.8% from 2009 to 2014, going from 3.5 to 5.9 

kg/inhabitant, lagging behind the United States, but exceeding consumption in Mexico 

(BRASIL DAIRY TRENDS, 2020). According to Brasil Dairy Trends (2020), in 2012, 

requeijão became the most consumed cheese in Brazil, surpassing mozzarella. In 2012, the 

amount of requeijão produced was 265 thousand tons, while the amount of mozzarella that same 

year was 263 thousand tons. 

Among the advantages that processed cheeses bring, there are: different flavors from 

natural cheeses, changes in texture properties, such as spreadability and sliceability, and in 

cooking properties, such as meltability (FOX et al., 2017). Therefore, each ingredient used in 

processed cheese formulation is important to confer these properties and also microbiological 

quality (OLIVEIRA et al., 2016). The microbiological quality achieved through measures of 

good production, handling and manufacturing practices and quality raw materials are essential 

for the safety of processed cheeses, since even spores-forming bacteria can be found in 

requeijão (OLIVEIRA et al., 2018; OLIVEIRA et al., 2016; ÁVILA et al., 2014). 

In order to better understand the manufacture of processed cheese, this study will discuss 

about the history of such product, technology parameters and safety the role of each ingredient 

used to manufacture processed cheese. Further it will be discussed the effect of emulsifying salt 

JOHA® HBS on selected strains of Bacillus spp. in in vitro and in situ assays, also compare the 

effect of such salt with common preservatives used in cheese production. 
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2. LITERATURE REVIEW 

2.1. History and definition of processed cheese 

Historically, the use of heat to stop enzymatic and microbial deterioration in cheese was 

first documented in the end of XIX century, in Europe, method that was advantageous to 

transport cheese to long distances. Nevertheless, the first processed cheese produced for 

commercialization is dated from 1911, when the Swiss cheese makers Fritz Stettler and Walter 

Gerber developed a processed cheese made from Emmental cheese with sodium citrate. Later 

in 1916, James Kraft patented in the United States a processed cheese made from Cheddar 

cheese, produced under heat and constant mixing. From then on, processed cheese manufacture 

grew up all over the world, with consequent development of its processing technology 

(KAPOOR; METZGER, 2008; VAN DENDER; ZACARCHENCO, 2014). 

Standardization of food products and of its processing is essential for international 

trading and food safety; however, when the matter is processed cheese, we find no standards in 

the Codex Alimentarius, which is an internationally recognized collection of guidelines for food 

products. The Codex started working on the development of specifications for processed cheese 

back in 1994, but the discussion was discontinued in 2017, as, over the years, the Committee 

had been facing an absence of agreement among the delegations about the product standards 

(FAO, 2017). As a result, each country is now responsible for the development of its own 

standards for such product. 

Despite each country has autonomy to set its own specific regulation, the definition of 

processed cheese is similar among many. As example, the Brazilian and the American 

regulatory agencies characterize processed cheese as being, in sum, the product resulted from 

the comminuting and mixing of one or more cheeses, with aid of heat and emulsifying agents, 

with possibility to add other ingredients such as water, salt, cream, spices, harmless artificial 

coloring and defined preservatives (BRAZIL, 2017; FDA, 2019). 

As there are many possible formulations as well as processing technology to produce 

processed cheese, several varieties of the product are found on the market. Not only differences 

in composition, processed cheeses vary in their presentation, which can be individual slices or 

portions, rectangular blocks, tubes or cylinders. One example of processed cheese that can be 

mentioned is American cheese, which is widely known and appreciated. Another example of 

such product is “requeijão”, a typical Brazilian processed cheese made from fresh curd. Due to 
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diversity in is production technology, there are many types of requeijão in Brazil nowadays, 

with differences in texture, color, flavor and physical-chemical parameters. The same 

assumption can be made for other types of processed cheese (BRAZIL, 1997b; VAN DENDER; 

ZACARCHENCO, 2014). 

2.2. Processing technology of processed cheese 

The manufacture of processed cheese starts with the selection of the raw material that 

will be used. Choosing the cheese (or cheeses) that will be the basis for processed cheese 

manufacture depends on the type of processed cheese to be produced and the desired 

characteristics of it. Varying the type and ripening degree of the cheeses that will be used to 

fabricate the processed cheese results in a product with different physical-chemical features and 

sensory attributes. It is important to emphasize that the cheeses used as raw material must be in 

satisfactory quality conditions in order to obtain a processed cheese safe for consumption and 

with sensorial quality. Particularly for requeijão, the raw material is not cheese, but the fresh 

curd (BRAZIL, 1997b). Aside from the cheese (or curd) – which is the main ingredient to 

manufacture processed cheese, other ingredients such as fat, water, sodium chloride and 

emulsifying agents play an important role in processed cheese production.  

In order to enhance physical-chemical and sensory characteristics of processed cheeses, 

the above-mentioned ingredients are added during manufacture of such product. As example, 

meltability, viscosity and texture aspects of the final product are improved with addition of fat. 

Fat also contributes to the achievement of desired fat content in the final product.  Thus, the 

amount of fat to be added depends on the fat-in-dry matter content desired on the final product 

and the fat content and dry matter of the cheeses used as raw material (GUINEE, 2009; VAN 

DENDER et al., 2014).   

Water and sodium chloride are as well relevant ingredients to produce processed cheese. 

While sodium chloride is added to enhance flavor, water has an important role as it facilitates 

the thermal energy transfer, dissolves salts, and disperses casein (VAN DENDER et al., 2014). 

Water is also added to the blend to achieve the moisture content required for processed cheese 

(GOUDA; ABOU EL-NOUR, 2003). Processed cheese softness is another attribute that is 

achieved with aid of water that is added to the blend (GLIGUEM et al., 2009).  It is of relevance 

to highlight that the amount of water to be added needs to be related to the protein and fat 
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content and with the percentage of emulsifying salt of the blend, in order to obtain a 

homogeneous mass (VAN DENDER et al., 2014).  

In addition to homogeneous, processed cheese must be a stable mass. Albeit casein from 

the cheese used as raw material has emulsifying characteristics, the stability required for 

processed cheese would not be reached relying on casein only (TAMINE, 2011). That is why 

it is necessary to use emulsifying agents to manufacture processed cheese. Emulsifying salts 

act removing the calcium from the protein system, peptizing and dispersing of protein, 

hydration, pH stabilization, and new protein system formation (GOUDA; ABOU EL-NOUR, 

2003; VAN DENDER et al., 2014). In addition to the emulsifying role, the presence of such 

salts in processed cheese results in improvement of the texture, enhancement of flavor and 

extend of shelf life (AHMAD et al., 2016) resulted from the improved stability of the cheese.   

The processing technology applied also influences the final product. The fundamental 

steps to produce processed cheese are represented in Figure 1. The selection of the natural 

cheeses (or curd), as stated earlier in this paper, is based on the type of final product that is 

desired. It can be used two or more types of cheeses or a blend of one type of cheese with 

different levels of ripening (BRAZIL, 1997a; FDA, 2019). Once the cheeses have been selected 

and their proportions are established, they follow to the grinding process, which increases the 

contact surface and facilitates the action of emulsifying salts. After that, emulsifying salt and 

optional ingredients, such as dairy protein ingredients, dairy fat ingredients, preservatives, 

coloring agents, flavoring agents, water, spices, sodium chloride and acidulants are added and 

blended (KAPOOR; METZGER, 2008).  

Cooking process is then started, which comprehends of melting the blend under heat 

and constant stirring. The agitation during the cooking process is of importance as it favors the 

emulsification of the blend (GOUDA; ABOU EL-NOUR, 2003). It was found that agitation 

speed influences viscosity right after manufacture, firmness, flow properties and meltability of 

pasteurized processed cheese food, and that at higher stirring speed, fat globules present 

themselves in a higher amount per 100 µm2, due to smaller diameter (PURNA; POLLARD; 

METZGER, 2006). Thus, the mixing speed is defined according to the desired characteristics 

of the final product, as example, for processed cheese of creamy consistency, a lower agitation 

speed is recommended at the beginning of the cooking, with gradual increase of speed during 

the processing (VAN DENDER et al., 2014). 
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Another parameter during cooking that is important as well is time-temperature of the 

process. The Brazilian legislation establishes that processed cheese must undergo a minimum 

heat treatment of 80 °C for 15 s or equivalent heat treatment, while American legislation 

requires a minimum of 65.5 °C for 30 s (BRAZIL, 1997a; FDA, 2019). Time-temperature is 

essential to the manufacture of processed cheese, as it affects the firmness and meltability of 

the final product, as well as the strength of the processed cheese emulsion (SHIRASHOJI; 

JAEGGI; LUCEY, 2006; VAN DENDER et al., 2014). There is no defined best time-

temperature to manufacture processed cheese because this parameter depends on the features 

desired on the final product. Also, as there are many types of cookers with various designs and 

conditions of operation, time-temperature of cooking will vary. In spite of it, temperature of 

72 °C or higher should be used in order to guarantee proper pasteurization of the product 

(GOUDA; ABOU EL-NOUR, 2003; TAMINE, 2011; VAN DENDER et al., 2014). 

 

Figure 1. Processed cheese manufacture flow chart. 

Subsequently, hermetic packaging is performed with the product still hot, since the 

processed cheese is fluid, facilitating the packaging, especially for processed cheese with 

creamy consistency. There upon, the packed product is cooled and stored. Cooling speed will 

depend on the type of processed cheese being manufactured. For processed cheese spread, for 
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example, the cooling should be quick in order to prevent separation of water and fat, and below 

temperature of 10 °C. On the other hand, for block processed cheese, the cooling needs to be 

slow, although it may result in browning (GOUDA; ABOU EL-NOUR, 2003; VAN DENDER 

et al., 2014). 

2.3. Microbiology of processed cheese 

The processing technology is not the only matter that should be brought to attention. 

Cheese safety is as important as well and affects directly the final product, the consumers and 

the brand’s reputation. As for all food products, microbiological quality and safety of processed 

cheeses is associated and depends on several factors such as the quality of the raw material, the 

intensity and effectiveness of the heat treatment, aseptic filling conditions, sterility of packaging 

and storage conditions for the final product (GLASS; DOYLE, 2005; OLIVEIRA et al., 2016), 

besides the hygiene quality of the processing environment, utensils and equipment and the 

hygiene of food handlers. 

In order to avoid contamination by microorganisms, the milk production chain and its 

processing for the manufacture of processed cheeses have several key points that need to be 

observed. Contamination of raw milk can occur from dairy farm environments, where 

ruminants are present (MOHAMMED et al., 2009), during milking by unclean equipment, 

during milk transport or during milk storage in bulk tanks (MELO; ANDREW; FALEIRO, 

2015; ALMEIDA et al., 2013).  

Good manufacturing practices are also essential to be followed within the production 

environment, since when applied correctly they can reduce the risk of contamination (DIAS et 

al., 2012). These measures can be applied to soil, waste and silage, in addition to animal health 

care and careful handling (OLIVEIRA et al., 2016). The presence of spore-forming bacteria in 

processed cheeses, for example, can be associated with contamination of milk while still on the 

farm by microorganisms present in the soil (OLIVEIRA et al., 2016; HEYNDRICKX, 2011). 

Also, the entire industrial installation must receive attention, as pathogenic microorganisms, 

such as Listeria monocytogenes, can be isolated from floors, drains, standing water and 

refrigeration equipment (MELO; ANDREW; FALEIRO, 2015; BARANCELLI et al., 2014; 

DALMASSO; JORDAN, 2014). 
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The heat treatment applied to processed cheeses is able to inactivate vegetative cells of 

pathogenic and deteriorating microorganisms (ZWIETERING; DE WIT; NOTERMANS, 

1996), thus, pasteurization is an effective treatment method against those type of microbes. 

Despite this, processed cheeses can be contaminated by sporulating bacteria, since they are able 

to withstand the processing temperature of this product (OLIVEIRA et al., 2016), therefore 

representing a challenge for the quality and safety of processed cheeses (OLIVEIRA et al., 

2016).  

Spore-forming microorganisms are very common in dairy industries and can cause 

numerous problems. Among the most found spore-forming bacteria, it can be cited the genera 

Bacillus and Clostridium (LOPEZ-BREA; GÓMEZ-TORRES; ARRIBAS, 2017, OLIVEIRA 

et al., 2016), which, in addition to compromising the quality of the product, are also associated 

with foodborne diseases (LÜCKING et al., 2013; ZEINAB et al., 2015). After germinating 

these spores, species of the genus Bacillus are capable of producing thermotolerant lipolytic 

and proteolytic enzymes that are responsible for the degradation of the sensory quality of the 

product throughout its shelf life (DAELMAN et al., 2013; LÜCKING et al., 2013). In turn, 

Clostridium species are responsible for releasing off favors and gases (responsible for the 

formation of holes in cheese) produced during lactate fermentation (GOMEZ-TORRES et al., 

2015; MORANDI et al., 2015). Other non-sporulating microorganisms, albeit to a lesser extent, 

are also likely to be present in the final product through contamination after heat treatment. 

Oliveira et al. (2016) highlights that the ingredients and packaging material used in the 

process are sources of contamination, if not properly analyzed, handled and stored. On the other 

hand, some ingredient and additives used for manufacture of processed cheese can help 

improving the microbiological quality and product safety. Oliveira et al. (2016), citing Cunha, 

Dias and Viotto (2010), states that each ingredient of the processed cheese "requeijão" 

formulation influences not only the physical-chemical, sensory and functional properties, but 

also the microbiological quality and safety of the product. Ingredients can contribute to 

microbiological quality of processed cheese products by lowering water activity, increasing 

osmotic pressure or changing the product pH.  

Other strategy used to avoid microbial contamination is the use of preservatives, which 

are capable to stop or avoid microorganism growth in the food product. Potassium sorbate and 

nisin are among the preservatives cited by Fox et al. (2017) as being commonly used in 

processed cheese production. Potassium sorbate is one of the water-soluble salts of sorbic acid. 
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Its molecular formula is C6H7O2K, and it has been widely used as food preservative. The 

mechanism of action of sorbates in general has been studied by many researchers over the years. 

Alterations in cell membrane (SOFOS et al., 1989), influence on transport of substrate and 

electron (FREESE; SHEU; GALLIERS, 1973),  inhibition of metabolic activity through effect 

on enzymes (SOFOS et al., 1989) and excessive energy consumption due to stress response 

(BRACEY; HOLYOAK; COOTE, 1998) are some suggestions of the action mechanism of 

sorbates against microorganisms. 

Nisin is a polypeptide produced by Lactococcus lactis subsp. Lactis bacteria, and since 

1969 it has been recognized as safe to use as biological food preservative (PUNYAUPPA-

PATH; PHUMKHACHORN; RATTANACHAIKUNSOPON, 2015). Nisin is used worldwide, 

and studies about its mechanism of action and target microorganisms have been performed over 

the years. Nisin amino acid structure representation was elucidated by Gross and Morell (1971) 

and it is presented in Figure 2. Studies have stated that nisin mechanism of action is through 

electrostatic interactions with components of the cytoplasmatic membrane of vegetative cells 

(HENNING; METZ; HAMMES, 1986). It interacts with lipid II of the cell membrane and 

penetrate the cell wall. Then, four complexes nisin-lipid II assemble and form a stable pore, 

through which internal components leave the cell, resulting in cell death (MORALES et al., 

2019; WILLIAMS; DELVES-BROUGHTON et al., 2003). 

 

Figure 2. Structure of nisin (Gross; Morell, 1971). 

Although preservatives are often added to the product, their activity spectrum may not 

effectively cover certain microbial groups that may be present in processed cheese. As example, 

nisin alone is not effective against gram-negative microorganisms due to their outer membrane, 

which does not allow the permeability of the bacteriocin (MÁRQUEZ et al., 2019). Thus, the 
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study of alternatives to prevent the multiplication of microorganisms in the final product is 

important. Researchers around the world have investigated the efficacy of emulsifying salts as 

antimicrobial agents and favorable results have been reported (OBRITSCH et al., 2008; ZAIKA; 

SCULLEN; FANELLI, 1997; ZESSIN; SHELEF, 1988).  

As stated previously in this work, emulsifying salts act removing calcium from the 

protein system, meaning that they are chelating agents. Thus, some researchers who studied the 

antimicrobial effect of this salts, have suggested that they act in the same way on the bacterial 

cell, removing divalent cations from cell wall, thus destabilizing it. (LEE et al., 1994; MAIER; 

SCHERER; LOESSNER, 1999). In addition to its chelating effect, the inhibition of synthesis 

and/or activity of some important enzymes for microbial cell (WAGNER; BUSTA, 1985, 1986), 

and even changes in water activity in the media (SNYDER; MAXCY, 1979) have been reported 

as likely to be polyphosphate mechanisms of action against bacteria.  

Many are the studies providing evidence that emulsifying salts have antimicrobial effect 

against certain strains, but not all use bacterial strains isolated from the dairy industry, and less 

than that studied the effect of emulsifying salts against bacterial strains on a dairy matrix. Thus, 

it is necessary to further research the efficiency of these polyphosphates in situ, and investigate 

whether they can, in fact, be considered as alternative preservatives in dairy industry. 

2.4. Research questions 

There are a few questions that the present thesis aims to answer: Does emulsifying salt 

JOHA® HBS, in concentration commonly used in dairy industry, have in vitro antimicrobial 

activity on selected strains of Bacillus spp.? Is its antimicrobial effect better, worse or 

equivalent to preservatives generally used in dairy industry? What is the minimum 

concentration of emulsifying salt JOHA® HBS that has antimicrobial effect against strains of 

Bacillus spp.? Does dairy matrix interfere on emulsifying salt JOHA® HBS antimicrobial 

activity against selected strains of Bacillus spp.? 

3. OBJECTIVES 

3.1. Main Goal 

Investigating the antimicrobial effect of commercially available emulsifying salt on 

Bacillus spp. 
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3.2.  Specific objectives 

- Comparing the antimicrobial effect of emulsifying salt JOHA® HBS to preservatives 

commonly used in processed cheese manufacture against selected strains of Bacillus spp. 

- Determining the minimum inhibitory concentration of JOHA® HBS salt against selected 

strains of Bacillus spp. 

- Evaluate whether the dairy matrix interferes on the antimicrobial effect of the studied 

emulsifying salt. 

 

4. MATERIAL AND METHODS 

4.1. Microorganisms and inoculum 

Four strains isolated from UHT milk and belonging to the InovaLeite culture collection 

were used in this study. The isolates were sequenced by the 16S gene and correspond to Bacillus 

spp. and are here identified as I-01, I-02, I-03 and I-04. Reference strain of B. thuringiensis 

CFBP 3476 was also used in this study. The strains were activated twice in Brain-Heart-

Infusion (BHI) (Kasvi®, Italy) broth prior analyses. For that, 50 μL of stock culture were 

inoculated in 5 mL of BHI broth and then incubated for 18 h at 32 °C. Then, 100 μL of this first 

activation were inoculated in 10 mL of BHI broth, followed by incubation for 18 h at 32 °C. 

Plate counting in BHI (Kasvi®, Italy) agar was performed in order to obtain cell concentration 

after 18 h incubation, and a cell concentration of 107-108 CFU/mL was found. 

The strains under study were activated in falcon tubes as describe above, followed by 

centrifugation (Megafuge 8R, Thermo Fisher Scientific, Germany) for 15 minutes at 25 °C, at 

3260 x g. The supernatant was discarded and the pellet was washed twice with sterile saline 

water (0.85%) (Dinâmica, Brazil). After the washing, the supernatant was discarded and the 

cells were suspended in 10 mL of sterile reconstituted skim milk (Molico®, Nestlé), and this 

suspended cells, with 107-108 CFU/mL. Prior the experiment, the suspended cells were diluted 

via serial dilutions in reconstituted skim milk to reach concentration of 104-105 CFU/mL. This 

diluted suspension was used as inoculum for this study. 
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4.2. Dairy matrix ingredients  

Mozzarella cheese (Sérvulo®, Senador Firmino, Minas Gerais, Brazil), containing 24% 

of protein, 17% of fat and 54% water content was used as basis for the dairy matrix. 

Homogenized UHT table cream (Piracanjuba®, Bela Vista do Goiás, Goiás, Brazil), containing 

30% of fat was also used in this study, as source of milk fat to produce the dairy matrix.  

Emulsifying salts JOHA® HBS FG (ICL Food Specialties), lot: 8-42709-56, production 

date: 03/2018, expiration date 03/2021 and JOHA® S9 FG (ICL Food Specialties), lot: 

B3180508A, production date: 02/2018, expiration date 02/2021 were the emulsifying agents 

used in this study. Nisin powder (Globalnisin® – Globalfood), lot: 19C1022, production date: 

04/11/2019, expiration date 10/11/2019 and potassium sorbate were also used as preservatives.   

4.3. Dairy matrix manufacture  

Dairy matrices were produced to perform in situ tests. The dairy matrices imitate the 

processed cheese “requeijão cremoso”, with modification, as it was not made from curd, thus 

not being possible to be called “requeijão” in this study. Three dairy matrices were produced 

with the formulation presented in Table 1. JOHA® S9 salt was used as emulsifying agent for 

the production of the dairy matrices in this study, as addition of no emulsifying agent would 

not result in an emulsified dairy matrix. For the treatment T2, JOHA® S9 salt was added 

together with JOHA® HBS salt, as the manufacturer instructed that JOHA® HBS should be used 

together with another emulsifying agent.  

The amount of emulsifying salt JOHA® HBS used in this study was based on studies 

reported in the literature (BUŇKOVÁ et al., 2008; LOESSNER et al., 1997; MAIER; 

SCHERER; LOESSNER, 1999; NOVÁKOVÁ, 2008). The amount of both JOHA® S9 and 

JOHA® HBS added to the product are in accordance with the manufacturer’s instruction and do 

not exceed the maximum of g of P2O5 per Kg of final product established by Brazilian 

regulation law for processed cheese (BRAZIL, 1997a) and requeijão (BRAZIL, 1997b). 

Preservatives nisin and potassium sorbate were added in the maximum amount allowed by 

Brazilian regulation law for processed cheese (BRAZIL, 1997a) and requeijão (BRAZIL, 

1997b), which are 12.5 mg and 1000 mg per Kg of final product, respectively.  

The production process of each dairy matrix occurred as follow: all ingredients were 

placed in Thermomix® (TM6, Vorwerk) utensil. The addition of salt or preservatives occurred 
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during the production of the dairy matrix to simulate the real making process. The utensil was 

closed, time and temperature were set to 15 min and 85 °C, respectively, and then the equipment 

were started by activating the stirring. Stirring speed were gradually turned up every minute 

until it reached speed 3.5 on the equipment. The equipment remained in this stirring speed until 

the last 2 min, when the speed was dropped 0.5 on the equipment scale in every 15 s. After that, 

the stirring remained at initial speed until the processing time finished. Thereupon, the dairy 

matrix was filled in sterile plastic bags and cooled to approximately 32 °C for inoculation of 

the microorganisms. 

Table 1. Dairy matrices formulation. 

Ingredient 
Amount of ingredient (g/100g) per treatment 

T1 T2 T3 

Mozzarella cheese 35.00 35.00 35.00 

Table cream with 30% fat 50.00 50.00 50.00 

Distillated sterile water 13.50 13.00 13.3988 

JOHA® S9 1.50 1.50 1.50 

JOHA® HBS 0.00 0.50 0.00 

Nisin 0.00 0.00 0.0012 

Potassium sorbate 0.00 0.00 0.10 

 

4.4. Evaluation of the effect of JOHA® HBS salt and preservatives in dairy 

matrix  

In order to analyze the activity of JOHA® HBS salt and of preservatives against three 

isolates (I-01, I-02 and I-03) in situ, each isolate were separately inoculated in 500 g samples 

of dairy matrix from each treatment (T1, T2 and T3). For that, an aliquot of 500 µL of the 

inoculum (4.1) were added to the samples of the dairy matrix of each treatment, thus, reaching 

the final concentration of approximately 102-103 CFU/mL. The matrix of each treatment, after 

inoculation, was homogenized (BagMixer® 400 VW, Interscience, France) for 2 min at speed 

9 of the equipment, filled in plastic pots previously sanitized with chlorine solution (200 ppm) 

and stored under refrigeration at 5 ºC.  

The plastic pots remained closed until the date of analyses and after that, the plastic pot 

was properly discarded. The counts of viable cells of the microorganisms were performed at 0, 

15, 30 and 60 days, by spread plate method on MYP (Oxoid®, Basingstoke, Hampshire, 

England) agar. For that, 25 g of the dairy matrix was diluted in 225 mL of saline solution 
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(0.85%), homogenized for 2 min at speed 9 (BagMixer® 400 VW, Interscience, France). Then, 

serial dilutions in saline water were done and an aliquot of 0.1 mL of proper dilution were 

spread onto MYP agar, with aid of sterile plastic cell spreader. This experiment was carried out 

in triplicate with two repetitions. The increase or decrease in the counting, in log CFU/mL was 

calculated, according to Equation 1, where IC, Ct and Ct-1 stand for increase in average counting, 

average counting (log CFU/mL) on a specific time, and average of previous counting (log 

CFU/mL), respectively. Positive value for IC means that there was an increase in counting, 

while negative value for IC means a decrease in counting. 

 

(1) 

4.5. Physical-chemical analysis of the dairy matrix  

Samples of non-inoculated dairy matrices (T1, T2 and T3) were used to perform physical-

chemical analyses, in order to evaluate whether there were significant differences between the 

dairy matrices regarding physical-chemical properties. The physical-chemical analyses 

performed were moisture, fat and protein content, pH, acidity and water activity, and the 

methodology used for each analysis is described as follow. 

4.5.1. Moisture content 

Moisture content of the dairy matrix in the three treatments under study was assessed by 

the gravimetric method, according to Pereira et al. (2001), where approximately 5 g of each 

sample were weighted in previously weighted Petri dishes containing purified sand. The sample 

was mixed to the sand with aid of glass stick, and then dried for 3 h at 105 °C. After cooling in 

desiccator, each sample was weighted and then dried at 105 °C for 30 min. After cooling in 

desiccator, the samples were separately weighted again. This last procedure was repeated until 

the difference of two consecutive weighing was less or equal to 0.5 mg.  

The moisture content was calculated according to Equation 2, where U stands for water 

content (%), and Wi, Wf and T stand for initial weight, final weight and weight of Petri dish 

(with sand and glass stick, without sample), respectively. This experiment was performed in 

triplicate with two repetitions. 

𝐼𝐶 = 𝐶𝑡 − 𝐶𝑡−1 
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(2) 

4.5.2. Fat content 

Fat content of the dairy matrix under study was assessed by the Van Gulik method, 

according to Pereira et al. (2001), where 5 mL of distillated water at 60-70 °C were added to a 

butyrometer (Gerber, Switzerland) containing 3 g of dairy matrix. Then, 10 mL of sulfuric acid 

(d20 = 1.825 g/L, Dinâmica, Brazil) were gently poured to the mixture. The butyrometer was 

closed and shaken until complete dissolution of proteins. After that, 1 mL of isoamyl alcohol 

(d20 = 811 g/L, Synth, Brazil)) and warm distillated water were added, until reach number 30 

on the butyrometer scale. The butyrometers were placed in centrifuge, and centrifugation at 

14000 rpm for 5 minutes were performed. The butyrometers were then placed in water bath at 

65 °C for 3 minutes, and then the fat content was read on the butyrometer scale. This experiment 

was performed in triplicate, with two repetitions. 

4.5.3. Protein content 

Total nitrogen content was determined by the Kjeldahl method, according to Pereira et al. 

(2001), with modification. Thus, approximately 1 g of each sample was placed in glass tubes, 

then 1.5 g of potassium sulfate (Synth, Brazil), 0.1 g of copper sulfate (Dinâmica, Brazil), 4 mL 

of sulfuric acid (Synth, Brazil), and 4 glass pearls were added. The glass tubes were carefully 

shaken and brought to the fume hood. The temperature was increased by 50 ºC every 30 minutes 

until it reached 400 ºC. After digestion, 30 mL of distillated water was added to the glass tubes. 

The solution was placed on the distillate, where and Erlenmeyer glass containing 10 mL of 

boric acid (Synth, Brazil) 4% (w/v) and 15 mL of sodium hydroxide (Dinâmica, Brazil) 35% 

(w/v) was coupled to the condenser outlet. When it was obtained approximately 100 mL of 

distillate, it was titrated with hydrochloric acid solution (Dinâmica, Brazil) 0.05 mol/L. When 

the color changed, the titration was stopped, and the volume of hydrochloric acid were used to 

calculate the total nitrogen content, according to Equation 3, where %TN stands for total 

nitrogen content, and A, B, Ci, fc and g stand for volume of hydrochloric acid spent to titrate the 

sample, volume of hydrochloric acid spent to titrate the control (blank), concentration of the 

hydrochloric acid solution, correction factor for the hydrochloric acid, and weight of the sample, 

respectively. 

𝑈 =  1 −
 𝑊𝑓 − 𝑇 

 𝑊𝑖 − 𝑇 
 × 100 
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(3) 

4.5.4. pH 

 

 The pH value of the samples was measured in pH meter (Kasvi, Brazil). For that, samples 

were prepared according to Pereira et al. (2001), where approximately 10 g of each sample were 

weighted and mixed to 10 mL of distillated water with aid of glass stick. Then, 30 mL of water 

were added to it, followed by mixing with the glass stick. This mixture was then left resting for 

5 minutes. After that, the mixture was filtered through hydrophilic cotton. The cotton was rinsed 

with approximately 10 mL of distillated water. Thereupon, the electrode bulb was immersed in 

the filtrate. After stabilization, the pH value was displayed on the equipment. This experiment 

was performed in duplicate, with two repetitions.  

4.5.5. Acidity 

Acidity of the samples was determined according to Pereira et al. (2001), where 5 g of 

teach sample were weighted and added of approximately 10 mL of distillated water at 30-40 °C. 

This mixture was mixed with aid of a glass stick, and then added of approximately 40 mL of 

cold distillated water. The mixture was left resting for 5 min, and then filtered through 

hydrophilic cotton, which were then rinsed with approximately 20 mL of distillated water. 

Afterwards, four drops of alcoholic solution of phenolphthalein 1% (w/v) (Synth, Brazil) were 

added to the filtered solution. Subsequently, titration using a sodium hydroxide solution (0.1 

mol/L) (Dinâmica, Brazil) were executed until change of color. The volume of sodium 

hydroxide spent for the titration was noted and the acidity was calculated using the Equation 4. 

where A, Ci, fc, V and g stand for acidity (expressed in percentage of acid lactic), concentration 

of the sodium hydroxide solution (mol/L), correction factor of the sodium hydroxide solution, 

volume of the sodium hydroxide solution spent on titration and mass of the sample, respectively. 

This experiment was performed in duplicate, with two repetitions. 

                           (4) 

%𝑁𝑇 =
 𝐴−𝐵  ×  𝐶𝑖  × 𝑓

𝑐
 ×  1.4

𝑔
 

𝐴 =
𝐶𝑖 × 𝑓𝑐 × 9 × 𝑉 

𝑔
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4.5.6. Water activity 

Water activity of samples was assessed by placing an amount of them, separately, in a 

disposable sample cup, completely covering the bottom of the cup. Each sample cup was then 

placed in the drawer of the equipment (Aqualab 3TE series, Decagon Devices, United States), 

which was then turned on. When the water activity measurement was finished, the result was 

displayed on the display of the equipment. This experiment was performed in triplicate with 

two repetitions. 

4.6. In vitro evaluation of the antimicrobial activity of salt and preservatives  

To assess the in vitro activity of JOHA® HBS and preservatives, three treatments were 

carried out, namely T’1, T’2 and T’3, which respectively correspond to treatments control (BHI 

broth with no addition of salt nor preservatives), BHI broth with 0.5 % of JOHA® HBS, and 

BHI broth with preservatives nisin and potassium sorbate at concentration levels of 0.0012% 

and 0.1%, respectively. All treatments were separately inoculated with isolates I-01, I-02 and 

I-03, at a concentration of approximately 103-104 CFU/mL. The optical density (600 nm) was 

verified in a spectrophotometer (Multiskan GO, Thermo Fisher Scientific, Finland) for 24 h at 

32 °C. 

 

4.7. In situ minimum inhibitory concentration of JOHA® HBS salt by plate 

counting  

Dairy matrix T1 was manufactured according to item 4.2. with modification, as JOHA® 

S9 salt was not added to this formulation, being replaced by sterile water. JOHA® HBS salt was 

added during the dairy matrix production at the following concentrations: 2.86%, 1.43%, 0.72%, 

0.36% and 0%. Inoculum of isolates I-01, I-02, I-03 and I-04, as well as reference strain B. 

thuringiensis CFBP 3476 was added, separately, to each treatment of the dairy matrix in order 

to reach a level of approximately 5 log CFU/mL. For that, 30 µL of the inoculum containing 

107-108 CFU/mL (4.1) were added to 30 g of dairy matrix in each salt concentration evaluated. 

A control treatment was performed, where dairy matrices with the studied salt concentration 

was not inoculated with any microorganism. The inoculated samples plus the treatment control 

were separately homogenized (BagMixer® 400 VW, Interscience, France) for 2 minutes at 

speed 9. After homogenization, they were stored at 32 °C, and viable cell count was performed 
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at the times 0 h and 24 h, by drop plate method in BHI agar. This experiment was performed in 

triplicate, with two repetitions. 

 

4.8. In vitro minimum inhibitory concentration of JOHA® HBS salt by 

spectrometry 

In vitro MIC was verified for all isolates and for the reference strain under study by means 

of optical density (600 nm) in spectrophotometer (Multiskan GO, Thermo Fisher Scientific, 

Finland). For that, BHI broth was prepared with the following salt concentrations: 2.86%, 

1.43%, 0.72%, 0.36% and 0%. An aliquot of 20 µL of inoculum containing 107-108 CFU/mL 

(4.1) was added to 180 µL of BHI broth, to reach  level of approximately 105 CFU/mL, then it 

was placed in the Multiskan GO equipment at 32 °C for 24 h. Optical density (600 nm) was 

measured every one hour.  This experiment was performed in triplicate, with two repetitions. 

 

4.9. Statistical analyses 

ANOVA followed by Tukey test (p<0.05) analyses were performed to evaluate whether 

there were significant differences among the dairy matrices (T1, T2 and T3) regarding to 

physical-chemical parameters. Same statistical approach was used to analyze the average 

increase in counting (log CFU/mL) for isolates I-01, I-02 and I-03 in the studied dairy matrices 

during the storage period. 

 

5. RESULTS AND DISCUSSION 

Processed cheese is consumed worldwide and in large scale, becoming a valuable product 

for dairy industries. In Brazil, among the processed chesses produced in the country, requeijão 

is greatly consumed and has an important cultural value. As processed cheese is a key product 

for cheese manufacturers, its quality and safety are primordial. New alternatives to assure safety 

of dairy products are being searched around the globe, and among them, polyphosphates gained 

attention for being reported to have antimicrobial effect, besides its technological use in the 

dairy industry. 

Given the scarcity of studies about the antimicrobial effect of polyphosphates in a dairy 

matrix, this study aimed to investigate the in situ antimicrobial effect of a commercially 
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available polyphosphate against certain strains of Bacillus spp. in comparison with the 

antimicrobial effect of two common preservatives used for processed cheese manufacture, 

which are potassium sorbate and nisin. 

The counting (log CFU/mL) results obtained by the in situ evaluation of JOHA® HBS 

and preservatives against Bacillus spp. are shown in Figure 3, and the results for the average 

increase (or decrease) in counting (log CFU/mL) along the storage time for each isolate 

evaluated are shown in Table 2.  
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Figure 3. Results for average counting (log CFU/mL) of isolates I-01, I-02 and I-03 in the dairy matrices 

(T1, T2 and T3) during 60 days stored at 5 °C. 
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Table 2. Average increase in counting (log CFU/mL) of isolates I-01, I-02 and I-03 in the dairy matrices 

(T1, T2 and T3) during storage time at 5 °C. 

I-01 

  Average increase in counting (log CFU/mL) 

Time T1 T2 T3 

0 to 15 days 0.29a -0.37a -0.32a 

15 to 30 days 0.18a  0.64b  0.06b 

30 to 60 days 0.05a  0.10b  0.09b 

        

I-02 

  Average increase in counting (log CFU/mL) 

Time T1 T2 T3 

0 to 15 days -1.16a -0.56b -0.31b 

15 to 30 days  0.06a  0.11a  0.35a 

30 to 60 days  0.34a -0.10a  0.30a 

        

I-03 

  Average increase in counting (log CFU/mL) 

Time T1 T2 T3 

0 to 15 days  0.41a -0.42b -0.31b 

15 to 30 days -0.13a  0.30b  0.87b 

30 to 60 days  0.74a  0.44a -0.25b 

Means followed by the same letter in each raw do not differ significantly by Tukey test (p < 0.05). 

From the results above presented, it can be seen that, despite bacterial count (log CFU/mL) 

started raising after 15 days of storage, the increase in counting (log CFU/mL) caused by 

JOHA® HBS salt was similar to the increase resulted from addition of preservatives in the dairy 

matrix, except for isolate I-03 during the last 30 days of storage.  

For isolate I-01, the average increase in counting for treatments T2 and T3 was similar to 

the average increase observed for treatment T1 in the first 15 days of storage. Same behavior 

was observed for isolate I-02 in the last 30 days of storage. Two hypotheses were raised: JOHA® 

HBS salt and preservatives did not have any effect on such isolates at these specific times of 

storage, or there was an influence of the matrix T1 on the isolates. In order to verify whether 

the dairy matrix influenced the growth of the microorganisms, physical chemical analyses were 

performed and the results are shown in Table 3. In vitro assessment to verify the effect of 

JOHA® HBS salt and preservatives were also performed, and the results are shown in Figure 4. 
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Table 3. Physical-chemical parameters of dairy matrices of each treatment (T1, T2 and T3). 

Parameter 
Treatments 

T1 T2 T3 

Aw 0.983a ± 0.001 0.980a ± 0.001 0.982a ± 0.004 

Moisture (%) 57.99a ± 0.26 59.29b ± 0.49 57.95a ± 0.10 

pH 6.21a ± 0.05 6.22a ± 0.02 6.26a ± 0.04 

Acidity (% lactic acid) 0.094a ± 0.007 0.097a ± 0.000 0.089a ± 0.005 

Protein content (%) 11.93a ± 0.01 11.25b ± 0.18 11.83a ± 0.11 

Fat content (%) 24.09a ± 0.59 24.67a ± 0.23 25.25a ± 0.82 

Means followed by the same letter in each raw do not differ significantly by Tukey test (p < 0.05). 

According to the data shown on Table 3, only moisture and protein content parameters 

had significant difference between the treatment with JOHA® HBS salt and the other treatments 

under study. This slight increase in the moisture content of the sample containing the JOHA® 

HBS salt may be due to its hygroscopic properties, since one of its effects is the hydration of 

the caseins (JANA; PADHIYAR; CHAVAN, 2017). The difference between the protein 

content of the sample containing the JOHA® HBS salt and the others may be due to random 

errors that may occur in the manufacture of such product or during the analysis.  

Results of the in vitro assessment mismatch the results of the in situ assessment, as the 

emulsifying salt JOHA® HBS did not present antimicrobial effect of the studied isolates in 24 

h. Although microorganism growth did happen, it can be observed that the presence oh the salt 

in the medium resulted in an extended lag phase for the three isolates and a growth curve 

remained below the growth curve of the treatment control (no addition of salt nor preservatives) 

for isolates I-02 and I-03. From results showed on Figure 4, it is observed that dairy matrix 

possibly interferes with the action of preservatives, as nisin + potassium sorbate completely 

inhibited the growth of the isolates in the in vitro test within 24 h. 
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Figure 4. In vitro antimicrobial activity, by means of optical density (600 nm), of treatment control (T1), 

0.5% JOHA® HBS salt (T2), and preservatives nisin+potassium sorbate (0,0012% and 0,1%, 

respectively) (T3) in BHI broth. 

Unlike the literature (BUŇKOVÁ et al., 2008; LOESSNER et al., 1997; MAIER; 

SCHERER; LOESSNER, 1999; NOVÁKOVÁ, 2008), the concentration of 0.5% of JOHA® 

HBS salt had no effect on microorganisms in the in vitro test. In this way, the next step of this 

work was to determine the minimum inhibitory concentration through in vitro and in situ 
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assessments, using salt levels ranging from 0.36% to 2.86%. This concentration range 

comprehend values lower than the salt concentration used in the dairy matrix (0.5%), but that 

is still above of values reported to have antimicrobial effect (MAIER; SCHERER; LOESSNER, 

1999) and values up to the maximum allowed by the Brazilian legislation regarding to P2O5 in 

final product (BRAZIL, 1997b), considering the technical specification of the salt.  

The results from the in situ MIC assessment by plate counting showed that at time 0 h 

the counting ranged from 5 to 6 log CFU/mL for the studied strains at each level of emulsifying 

salt in the dairy matrix. At time 24 h the counting showed that all treatments presented 

microorganism growth of 2 log CFU or more, meaning that the different concentrations of salt 

in the dairy matrix was not sufficient to stop microorganism growth at temperature of 32 °C in 

24 hours. The control treatment, where the salt was added to the matrix and no microorganism 

was inoculated did not present growth of any microorganism at 0 h and 24 h, showing that the 

growth observed in each treatment corresponds only to the strain inoculated. 

From the results of the MIC assessment in vitro, showed in Figure 5, it can be observed 

that the minimum concentration of JOHA® HBS salt to inhibit the multiplication of the studied 

microorganisms is between 2.86% and 5.71%. However, this value is greater than the maximum 

that could be added to the product so that the P2O5 concentration is within the limit allowed by 

Brazilian legislation. This value found is also much higher than the maximum limit of JOHA® 

HBS salt recommended by the manufacturer (1% of the weight of the final product). Also, 

according to the manufacturer's specifications, the JOHA® HBS salt is used together with other 

JOHA® emulsifying salts, which would further increase the concentration of P2O5 in the final 

product. Different optical densities (600 nm) at time 0 h that can be observed in Figure 5 may 

be due to the weak solubility of the salt in the media. Nevertheless, what should be brought to 

attention is that de optical density (600 nm) keeps raising, suggesting bacterial growth. 
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Figure 5. MIC of JOHA® HBS salt against Bacillus spp. isolates and reference strain B. thuringiensis 

CFBP 3476 in BHI broth by means of optical density. 
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Controversial results are found for studies involving the evaluation of  microbiological 

effect of JOHA® HBS. In a study conducted by Buňková et al. (2008), the effects of three 

commercial emulsifying salts (HBS, S9 and 690) on gram-positive and gram-negative bacteria 

contaminating food and on bacteria isolated from processed cheeses were evaluated. Among 

the group of gram-positive contaminating bacteria, sporulated strains of the genus Bacillus sp. 

(Bacillus cereus CCM 2010, B. subtilis CCM 2216, B. sphaericus CCM 1615, B. brevis SPSM 

4101 and B. stearothermophilus SPSM 4103) were studied. The salts were evaluated in 

different concentrations (0.1; 0.2; 0.3; 0.4 and 0.5% w/v) in nutrient broth, and only the JOHA® 

HBS salt had a significant inhibitory effect on the strains of gram-positive bacteria, in 

concentrations ranging from 0.1 to 0.3% (w/v). 

In another study conducted by Maier, Scherer and Loessner (1999), it was evaluated the 

microbial effect of the polyphosphate JOHA® HBS on Bacillus cereus vegetative cells and 

spores in Plate Count Broth, and the results showed that a concentration of 0.01% (w/v) of this 

salt was capable of lysing 20% of B. cereus bacterial cells during the log phase in the 1h period. 

In turn concentrations of 0.05% and 0.1% (w/v) were able to lysis about 50% and more than 

90%, respectively. In addition, they found that the concentrations of 0.05 and 0.1% (w/v) were 

capable to completely inhibit the growth of B. cereus spores. 

Nováková (2008) also tested the antimicrobial activity of JOHA® HBS salt on strains of 

Bacillus spp. in Plate Count Agar (PCA) and observed that the concentration of 0.1% (w/v) of 

the emulsifying salt was capable to decrease approximately one log CFU/mL of strains of 

Bacillus cereus and B. subtilis. Also, this concentration was capable to completely inhibit the 

growth of B. stearothermophilus. The authors also showed that at concentration level of 0.5% 

(w/v) of JOHA® HBS salt the strains of Bacillus spp. cited, plus strain of B. brevis, showed no 

growth.  

Loessner et al. (1997) evaluated the effect of three emulsifying salts (JOHA® HBS, 

JOHA® HBS-1 AND JOHA® HBS-9) on Clostridium tyrobutyricum cells and spores. The test 

involving the in vitro inhibition of strains, in liquid modified Reinforced Clostridial Medium 

(RCM) supplemented with varying concentrations (0.01, 0.03, 0.1, 0.3, 0.5 and 1.0% (w/v)) of 

emulsifying salts showed that the MIC for inhibition was 0.1% (w/v). A slight inhibition was 

also observed in the concentration of 0.03% (w/v) for the JOHA® HBS salt. In this same work, 

in situ assessment was performed and the results showed that concentration of 0.5% (w/v) of 
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polyphosphate was able to delay bacterial growth by 3 weeks and that the concentration of 1% 

(w/v) completely inhibited cell growth. 

Buňková et al. (2008) suggested that the minimum concentration to inhibit the growth 

of microorganisms in a food matrix is likely to be higher than those determined under laboratory 

conditions, given that food matrices are complex. The results obtained by MIC assessments in 

the present study corroborates such statement, as MIC for the in situ test was greater than it was 

in the in vitro test. Comparing the results of the present study with the results obtained by 

Loessner et al. (1997), it is important to note that in their study, they added the emulsifying salt 

after the production of the dairy matrix and immediately afterwards they added the inoculum 

of microorganism. In other words, the emulsifying salt did not exercise its technological 

function, allowing its chelating action to occur on the membrane of the inoculated 

microorganisms. Contrary, in the present study the emulsifying salt was added during the 

production of the dairy matrix, which probably meant that its chelating action did not occur on 

the membrane of the inoculated microorganisms, but in the matrix protein network. 

The uncommon results obtained in the present work raised the hypothesis that bacterial 

resistance could be considered as one reason for the ineffectiveness of the emulsifying salt. 

Although the literature presents studies in which JOHA® HBS salt had antimicrobial effect on 

species of Bacillus spp., it is important to note that the strains used in the present work are 

originated from a different environment then those ones used in other researches, thus being 

likely to have different degree of resistance to the JOHA® HBS salt or other antimicrobial 

agents. 

Together with bacterial resistance, the medium used in the in vitro assessments can be 

another factor to explain the lack of efficiency of JOHA® HBS salt against the studied 

microorganisms. Studies found in the literature show that the presence of free divalent cations 

in the medium, such as ions of Ca and Mg interferes with the antimicrobial effect of 

polyphosphates (MAIER; SCHERER; LOESSNER, 1999). As the medium used in the present 

study (BHI broth) is a very nutritious media, it is possible that the antimicrobial effect of 

JOHA® HBS was reverted by cations present in the media. Supplemental information of the 

study conducted by Damo et al. (2013) supports the suggestion of the presence of cation in BHI 

broth, as the authors found magnesium and calcium in BHI broth, among other elements. 
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6. CONCLUSION 

The antimicrobial effect of JOHA® HBS salt against strains of Bacillus spp. was 

evaluated and the results showed that the emulsifying salt did not have a satisfactory 

performance. Although 0.5% of salt showed a similar behavior as preservatives 

nisin+potassium sorbate in in situ assessments regarding to increase/decrease of counting (log 

CFU/mL) of the bacteria under study during the storage time of the matrices, bacterial growth 

raised over the time. The results from in vitro assessments showed ineffectiveness of the salt. 

As the medium used in the in vitro assessments could have disrupted the antimicrobial effect 

of the salt, new assessments must be performed in order to accept or refute such hypothesis. 

Bacterial resistance to the emulsifying salt also needs to be investigated. In addition, results of 

the present study suggest that the dairy matrix interferes with the antimicrobial effect of 

preservatives, nonetheless, more research towards this insight is needed.  

 

7. PERSPECTIVES 

Resistance of reference strains of Bacillus spp. to emulsifying salt JOHA® HBS should 

be investigated, as the isolates under study may have greater resistance to such salt. For that, 

the use of other in vitro methodology should be considered. Moreover, analyses with other 

sporulating microorganisms, as well as their spores should be performed in order to investigate 

the effect of JOHA® HBS salt on them in dairy matrix, since it is reported in the literature that 

such salt has effect on sporulation of some bacteria. Evaluation of the effect of other 

emulsifying salts on the isolates of the present study is important as well, in order to investigate 

the resistance of such isolates to other emulsifying salts commonly used in processed cheese 

manufacture. In addition, the same analyses should be performed using other non-sporulating 

bacteria, as well as mold and yeasts, which are, at some level, likely to be found in processed 

cheese.  
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