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Dairy industry has sought strategies for obtaining products that meet new market demands, focusing on foods of
higher nutritional quality to be better options for consumers. In this competitive scenario, dairy foods have been
developed to provide functional components and/or meet specific dietary needs, such as those observed in the
setting of obesity and hypertension. Processed cheese, which originally has high-sodium and fat contents in its
formulation, may also undergo a reformulation. In addition, nowadays, the addition of prebiotic ingredients
into dairy products is a common technological practice to not only enhance their beneficial health effects but
also to improve the final texture, replace fat components, and increase the fiber content. In the present review,
we provide the state-of-the-art of the effects of fat and salt reduction and the positive impacts of adding
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1. Introduction Kalab, 2004; Guinee & O'Callaghan, 2013). Processed cheese (PC)

may be considered stable oil-in-water emulsions that are obtained

Recently, the use of different cheese types as food ingredients has in-
creased due to the growth demands for ready meals (Guinee, Cari¢, &
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from natural cheeses/dairy proteins and edible oils/fats with the
addition of emulsifying agents and other dairy and non-dairy
ingredients, which are subjected to heating and continuous mixing
processes to homogenize and improve the texture of the final
product (Hosseini-Parvar, Matia-Merino, & Golding, 2015; Tsujii &
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Shirotani, 2015). Processed cheese differs from conventional cheese
since it is not obtained from traditional processes, which involve lactic
fermentation of milk or direct acidification of milk using food grade
organic acids. Besides the ingredients in the formulation, the physico-
chemical, technological, and microbiological aspects can directly affect
the properties of processed cheese (Davison et al.,, 1993; Merrill &
Singh, 2014).

Regarding the U.S. Food and Drug Administration standards, only
the products prepared using natural cheese and salts (<3% w/w) with a
certain level of moisture (<43% w/w) and fat contents (more than
47% w/w) can be categorized as processed cheese (Chang, 1979;
Gliguem et al., 2009; Lee, Anema, & Klostermeyer, 2004). Processed
cheese products not included in this categorization can be classified as
processed cheese foods, processed cheese spreads or processed cheese
analogs (Hanaei, Cuvelier, & Sieffermann, 2015; Sotowiej, Cheung, &
Li-Chan, 2014). Processed cheese is available at the market under differ-
ent technological forms, such as slices, cream and whole pieces (Guinee
et al,, 2004).

Different cheeses are foods with a high nutritive value which
are suitable sources of calcium, phosphorus, and proteins, and their
regular intake together with a balanced diet allied to healthy life habits
confer some benefits, such as decreasing the lactose intolerance signs,
protection against intestinal infections, lower risk of colon cancers,
better bowel movements, among others (Davis, Blayney, & Guthrie,
2013; Gupta & Reuter, 1992). Processed cheeses are mainly applied as
ingredients in prepared foods, namely pizzas, cheese burgers and
sauces (Tamime, 2011). On the other hand, it is generally accepted
that most of cheeses provide high levels of fats and sodium to the diet
(Fouladkhah, Berlin, & Bruntz, 2015; Guinee & O'Callaghan, 2013). The
equilibrium between maintaining the mentioned benefits in the food
matrix and the necessities of the consumer market is an object that
must be considered by the food industry, mainly when these products
are consumed as ingredients in many types of processed cheeses.

Currently, the increased prevalence of non-communicable chronic
diseases, especially obesity and hypertension has been recognized
as a serious public health problem (Reeve & Magnusson, 2015;
Robert-McComb, Bustamante-Ara, & Marroquin, 2014). Because of this,
there is a trend that consumers are beginning to purchase products
with reduced salt and fat, both for weight loss as for caring health.

Foods with low-fat content have been available to consumers for
decades and constantly new products with similar properties are
introduced into the market, making it possible that fat intake can be
maintained within the recommended healthy limits (Lobato-Calleros
et al., 2007; Nagao et al., 2003). The mechanical properties, textural as-
pect and the sensory acceptance by the consumers are the main factors
that must be considered during the manufacture of reduced-fat
products.

Salt (sodium chloride) has been considered as a food additive which
enhances the human health either via killing or limiting the growth of
food-borne pathogens and spoilage organisms (Ross, Morgan, & Hill,
2002). It is now recognized that the consumption of high levels of
sodium may be a potential health hazard, so its reduction is gaining an
extreme international attention (Cruz et al., 2011; Doyle & Glass,
2010). However, salt and sodium-containing ingredients are mainly
added to processed cheese as emulsifying agents. Obviously, sodium
salts are also added to enhance the flavor, decrease the water activi-
ty, thus avoiding the multiplication of microorganisms that can cause
spoilage of the product, as illustrated in Fig. 1. When there is a de-
crease of the sodium salt levels in food, other food additives need
to be added. These substances are intended to ensure food safety,
flavor, overall quality and texture of the food (Taormina, 2010).

In order to reduce the intake of sodium and fat, different technolog-
ical stages must be observed, including: data collection, finding stan-
dards and food types, increasing public consciousness in addition to
monitoring and assessment. Promoting the food reformulation in the
food industry is a challenge of this frame (Barr, 2010; Pérez-Cueto,

et al., 2012). The food reformulation represents an alternative that
food companies can perform to create a healthier product (Golan &
Unnevehr, 2008; Uauy et al., 2009). These modifications include: limit-
ing the addition of some ingredients, such as sodium salts, trans-fatty
acids (TFA), saturated fatty acids (SFA) and sucrose, which are connect-
ed with negative health effects (when consumed at high doses) includ-
ing obesity, diabetes, CHD and stroke (Kloss, Meyer, Graeve, & Vetter,
2015; Mozaffarian, Katan, Ascherio, Stampfer, & Willett, 2006;
Walther, Schmid, Sieber, & Wehrmuller, 2008).

Another alternative for food companies is the use of prebiotic
ingredients in the manufacture of dairy products, including cheeses.
Prebiotics are short-chain carbohydrates with a degree of polymer-
ization between two and about sixty that cannot be metabolized
(enzymatically) by humans (Al-Sheraji et al., 2013). The development
of functional foods, mainly those in the prebiotic category, plays an
important role in modern food industry, especially in the dairy industry
(Alves et al., 2013; Cruz et al., 2013; Morais, Morais, Cruz, & Bolini,
2014). In the GI tract, prebiotics selectively stimulate indigenous
beneficial bacteria, such as bifidobacteria and lactobacilli. By changing
the composition and functionality of the microbiota, prebiotics play a
role not only by facilitating competitive exclusion of potential pathogens,
but also in modulating the immune system and enhancing host
defenses (Saulnier, Spinler, Gibson, & Versalovic, 2009).

Finally, taking into account by one hand the high demand for
processed cheese and the consumers' awareness about the effects of
salt and fat consumption and by the other hand the popularity and
efficacy of adding prebiotic compounds to food products, this review
article is addressed to give an overview on the effects of fat and salt
reduction with prebiotic addition on consumers' acceptability of
processed cheese.

2. Current guidelines to reduce fat and sodium in processed cheese
2.1. Insights of effects of sodium intake and obesity

Processed foods that are widely consumed by the population in
many countries are potential sources of high levels of sodium (Buzzo
et al,, 2014; Capuano et al., 2013). In adults, the a high-sodium diet in-
crease the blood pressure (hypertension), vascular and cardiac damage
independent of high blood pressure, there may happen detrimental
effects on calcium and bone metabolism, increased risk of stomach can-
cer, severity of asthma. In children, there might occur development
of hypertension later in life and a tendency for children to prefer
foods with high salt content due to suppressed salt taste receptors
(Strazzullo, D'Elia, Kandala & Cappuccio, 2009). Herein, governmental
and health agencies worldwide have set the maximum limit of sodium
intake for children and adults. Table 1 contains the upper limits of
sodium intake for adults in different countries.

According to the Obesity Society (2015), Latin America has experi-
enced epidemiologic and nutritional transitions that have contributed
to the high rates of overweight and obesity, in which estimates reach
up to 60% and 70% (in adults) in some countries (Costa Rica and
Argentina, respectively) and about 37% in children (5-11 yo) and
adolescents (12-19 yo). One big problem related to obesity is the
interlinked factor with type II diabetes: almost 90% of type II diabetic
individuals are overweight or have diabetes. For instance, according to
the WHO definition (WHO, 2015), an overweight individual has a
body mass index greater of equal to 25, while obese people have a
body mass index greater of equal to 30. The World Health Organization
(WHO, 2015) stated that in 2014 there were 1.9 million adults (>18 yo)
who were overweight, and 600 million of this number were obese.
In children (5-11 years old), 42 million individuals were overweight
or obese in 2013. Allied to the increase in physical inactivity (sedentary
life style), the consumption of energy-dense foods and beverages,
especially high-fat ones, are the fundamental causes of obesity and
overweight worldwide. As cheese is a rich source of fats (higher energy
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Fig. 1. The original purposes of salt in processed cheeses.

value), the manufacture of low-fat cheese that has similar sensory
properties compared to the conventional counterpart, is a suitable
technological strategy.

In this aspect, foods that are stated as “reduced-sodium” or
“reduced-fat” must have at least a 25% reduction in their sodium or fat
levels, respectively, compared to their conventional forms. If a food is
labeled as “low-fat,” it is critical to have a maximum fat content of
3 g per reference quantity, ensuring that the reference amount is not
less than 50 g (Felicio et al., 2013). Products that have a reference
amount of less than 50 g, such as cheese, must meet the fat requirement
of 3 g fatin 50 g (Miller, Jarvis, Jarvis, & McBean, 2006). For foods labeled
as low sodium, the product must include less than 140 mg sodium per
50 g (FDA, Food and Drug Administration, 2008), which is equivalent
to 0.7% salt.

Normal sodium amounts of processed cheese establishing concen-
tration ranges between 325 to 798 mg/50 g cheese (USDA, 2014).
A reduced-sodium processed cheese should have approximately a
maximum of 244 to 600 mg/50 g of sodium and a low-sodium
processed cheese need to contain <140 mg/50 g of sodium. According
to the FDA maximum permitted fat contents in PC, processed cheese
food, and processed cheese spread are 30%, 23%, and 20%, respectively
(Johnson Kapoor, McMahon, McCoy, & Narasimmon, 2009). Therefore,
the maximum fat content for a reduced-fat PC will be 22.5%. Similarly,
the maximum fat content for reduced-fat PCF must be 17.25% and for
reduced-fat PC will be 15% (FDA, 2008).

Table 1
Upper limit (maximum level) of sodium intake for adults in different countries.

Region Maximum daily intake — sodium Reference
(g/day)
United States <23¢g CDC (2015)

Canada <2.3 g (maximum limit)
and <1.5 g (ideal
maximum limit)

<5 g salt

<24¢g

Health Canada (2012)

European Union

Mercosul (Argentina,
Brazil, Paraguay,
Uruguay, Venezuela,
Chile, Bolivia)

WHO (2012)
Mercosul (2015)

3. Reduced-fat processed cheese
3.1. The role of fat and the effect of its reduction in processed cheese

Recently reduced-/low-fat processed cheese products have been
launched in the market. The fat content can be replaced by water, pro-
tein or other compounds not normally found in cheese (Banks, 2004),
such as gums and stabilizers (Tamime, 2011), resulting in a consider-
ably different composition compared to their standard counterparts.
As an example, a reduced-fat processed cheese may present a moisture
content as high as 73% and a fat level between 10 and 24% (Lee et al.,
2004), whereas the full-fat product may have a moisture level between
44 and 60% and a fat content higher than 20% (Cheese, 1991; Guinee,
Mulholland, Kelly, & Callaghan, 2007).

The fat present in processed cheese is mainly resulted from the
natural cheese which is used as its main ingredient (around 90%)
(Bachmann, 2001; Cari¢ & Kalab, 1999). However, some other minor
sources of other dairy ingredients, such as dried cream and anhydrous
milk fat also contribute to the total fat content of the final product
(Tamime, Muir, Shenana, Kalab, & Dawood, 1999). Therefore, using a
lower-fat containing natural cheese as an ingredient for processed
cheese production is one of the best ways to manufacture a reduced-
fat processed cheese (Hauerlandova et al., 2014). The estimated fat con-
tent of various components of a processed cheese formulation is pre-
sented in Table 2.

Table 2
Contribution of fat components of various food ingredients that are used in the
manufacture of processed cheese.

Ingredient Contribution of fat (% w/w)
Natural cheese 26.5

Dried cream 23

Non-fat dried milk -

Whey powder -

Butter oil (anhydrous) 1.9

Whey protein concentrate -
Emulsifying salt -
Salt -
Acidifying agent -
Mold inhibitor -
Water -
Total 30.7
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In order to reduce the fat content in processed cheese to a value not
higher than 25%, a reasonably easier solution is to remove fat from other
fat-rich dairy ingredients and interchange them with a proper fat substi-
tute. It is worthy to note that manufacturing a processed cheese with a
highly reduced-fat content needs the successful manufacture of a
lower-fat natural cheese base with acceptable textural and sensory
characteristic (Johnson et al., 2009; Kumar, 2012). Previous studies
also indicated that the flavor and texture of natural cheese will also be
affected during the fat reduction that must be considered for its usage
as an ingredient for reduced-fat processed cheese (Doyle & Glass,
2010; Green & Manning, 1982). Despite the numerous studies
attempting to develop lower-fat containing processed cheese, currently
very limited reduced-fat, low-fat, or fat-free processed cheeses are sold
all over the world (Mistry, 2001).

3.2. Sensory attributes of fat-reduced processed cheese

Muir, Williams, Tamime, and Shenana (1997) studied the sensory
characteristics of 16 commercial processed cheese samples (PC)
selected on the basis to comprise different brands as well as the full-
fat, reduced-fat, and/or low-fat versions within each brand. Considering
the results of this study which evaluated full-fat PC (58% moisture, 21%
fat) reduced-fat PC (60% fat reduction, 63% moisture, and 8.4% fat) and
low-fat PC (63% moisture, 3% fat) from the same manufacturer, it was
observed that reducing the fat amount resulted in a decreased creami-
ness with increasing the acid and bitter properties of the PC (Johnson
et al, 2009). Furthermore, this reduction resulted in increased
graininess, stickiness, and decreased spread ability and the overall
sensory acceptability of the PC. Thus, the studies were mainly focusing
on the manufacture of a reduced-fat, low-fat, and/or fat-free based on
reduced natural cheese up to now (Finnocchiaro, 1997; Johnson et al.,
2009; Moran et al., 2006). These modifications, however, resulted in
the production of processed cheese that had a lower-fat content, but
the texture, flavor and functional properties were not improved
(Banks, 2004; Johnson & Lucey, 2006; Kapoor & Metzger, 2008;
Mistry, 2001). Recently, research has also concerned the use of a
lower-fat cheese base, with the inclusion of different fat replacers at var-
ious levels in a processed cheese formula in order to successfully obtain
a product with acceptable texture, flavor, and functional properties.

Reduced fat i
%,  processedcheese

LT ssmsssssssssnnns®

et e

Production of a Production of a
low-fat natural low-fat natural
Cheese base Cheese base
I U
Use of Manipulation Use of fat Use of fat
ultrafiltered || of the starter replacers mimetics
buttermilk cultures

Fig. 2. Different techniques to reduce fat content in processed cheese.

3.3. Production aspects of reduced-fat processed cheese

The study conducted by Roller and Jones (2010) showed that
the production of low/reduced-fat processed cheese can be classified
into two major categories, with or without fat replacer, as illustrated
in Fig. 2. Fat replacers can be categorized as fat substitutes and as fat
mimetics (Roller & Jones, 2010). Fat substitutes are mainly lipid-based
macromolecules that are similar to fats and oils both physically
and/or chemically such as: sucrose fatty acid esters and polyesters,
carbohydrate fatty acid esters, various emulsifiers (such as mono-
and diglycerides, lecithin), and structured lipids (such as medium-
chain triacylglycerols) (Miele, 2013).

Fat mimetics are normally carbohydrate-based compounds (modified
starches and hydrocolloids) or protein macromolecules that are
considered to imitate the organoleptic and physical properties
of fats mainly by water binding (Gaonkar & McPherson, 2014).
Fat mimetics are generally carbohydrates or proteins exhibiting
polar and water-soluble properties, which create a creaminess and
lubricity state similar to full-fat products. Fat mimetics are not able
to replace the non-polar functional properties of fat, like the flavor
carrying ability (Guinee & Kilcawley, 2004; Kumar, 2012). Different
hydrocolloids are used as fat mimetic agents (Table 2).

The development of low-fat processed cheese is conditioned by the
rheological parameters, as the product is heavily judged by sensory
attributes, such as appearance and texture, which are related to the
microstructure of the product. Processing parameters capable of
affecting cheese microstructure, which represent the physicochemical
balance of chemical molecules present in milk constituents, play a key
role on the characteristics of the final product (Pereira, Gomes, &
Malcata, 2009).

It could be desirable to obtain a processed cheese that meets specific
functional properties according to its intended use. It is worth empha-
sizing that processed cheeses have different applications, which should
also be considered during the development of a formulation with
functional appeal. Thus, other desirable characteristics, such as
cohesiveness, adherence, and melting rate, should be compatible
with the final application of the cheese. A cheese used for melting
in the preparation of hot sandwiches, for example, must be elastic
enough after heating (Kapoor & Metzger, 2008).

3.3.1. Low-fat processed cheese

Processing parameters capable of affecting cheese microstructure,
which represent the coexistence of the milk constituents, play a key
role on the characteristics of the final product. The quality of processed
cheese, like any food, is directly linked to sensory attributes such as
appearance, texture, and flavor, which should be in harmony so
that the product is well-accepted (Foegeding, Cakir, & Kog, 2010).
One of the main problems arising from fat reduction in cheese is the
development of a firmer, less unctuous texture, compromising chewing.
The opposite behavior is observed for high-fat cheeses (Rogers,
McMahon, Daubert, Berry, & Foegeding, 2010).

To date, no raw material is able to replace all the fat properties,
since its presence is closely related to both palatability and sensory
characteristics such as body, taste, and texture. On the other hand,
these substitutes are alternatives to produce foods to meet the
needs of individuals with low-calorie or hypolipidic diets (Pinheiro &
Penna, 2004). Various ingredients such as protein compounds (milk
and eggs), carbohydrates (gums, dextrins, maltodextrins, cellulose,
polydextrose, inulin, and starches), and synthetic fats (dialkyl dihexadecyl
malonate and sucrose polyester) may be used alone or in combination to
produce low-fat cheeses (Diamantino & Penna, 2011). Among these,
starch is one of the main fat substitutes used in the food industry to
provide desirable characteristics to the final products. In contrast,
Ferreira, Souza, Santos, Collares-Queiroz, and Steel (2012) pointed
out that the production of these substitutes may be a difficult task, and
sometimes their addition does not promote a significant reduction in
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Table 3
Studies on fat replacement in processed cheese.

Fat replacer Technique of study

Conclusion and remarks

Reference

Resistant starch « Texture profile analysis and flow
Rheology
Sensory analysis

« A good, firm cheese
Good meltability

Noronha, O'Riordan,
and O’Sullivan (2008)

Starches containing higher amylose contents (such as corn, potato,

and wheat starch) are capable of increasing strength and reducing
melting of processed cheeses.

Lower-fat globules with weaker structure

Higher texture and mouthfeel scores

It decreases the melt enthalpy of the samples.

The hardness, gumminess, chewiness and adhesiveness and low-fat

Liu, Xu, and Guo (2008)

samples with pectin gel addition were more similar to the full-fat

Pectin gel < Scanning electron microscopy .
« Rheological analysis .
« Texture profile analysis .
« Thermal analysis .
cheese analogs.
Lecithin < Sensory analysis .
cheeses.
affecting acceptance
Inulin * Meltability and hardness « Similar hardness

Scanning electron microscopy
Dynamic rheology

level of inulin.

relative to the control

Its texture attributes were more similar to full-fat control cheeses.
Its texture acceptance scores were higher than scores for reduced-fat

Values of G’ and G” decreased with increasing temperature but at
temperatures >55 °C increased for cheeses containing the higher

Drake, Truong, and Daubert (1999)

Lecithin improved processed cheese texture without negatively

Hennelly, Dunne, O'Sullivan,
and O" Riordan (2006),
Karimi et al. (2015),
Sotowiej et al. (2015)

Lower level of honeycomb structures evident in the protein matrix

Meltability, density, cohesiveness and viscosity increase

the total energy value of the final product, due to the need for keeping its
sensory properties (Table 3).

Starch is not only an important carbohydrate for plants; it is also a
source of energy for the subsequent levels of the food chain. In view of
such relevance, many organisms have acquired the ability to produce
enzymes that degrade this homopolysaccharide for subsequent release
of glucose, a monomer that will serve as an energy substrate in catabolic
pathways that occur intracellularly (Amaral, Gaspar, Costa, Aidar, &
Buckeridge, 2007). In addition to the energetic contribution, starch has
been used as an ingredient for processing of low-fat cheeses, which
may represent benefits from the functional and economical points of
view, because it is a raw material of vegetable origin and available in
large quantity, with lower economic value when compared to dairy
raw materials.

This polysaccharide can be obtained from various vegetables, being
used for human consumption and in chemical, pharmaceutical, and
textile industries. It is a semi-crystalline polymer having a fraction of
amylose (linear chain with up to 3000 glucose units linked primarily
by a-1,4 bonds) and amylopectin (branched polymer with a fraction
formed by a-1,4 bonds and in branch points by «-1,6 bonds. Starch
can have different amylose and amylopectin contents in proportions
that usually vary around 1:3 and 1:4, depending on the type of
vegetable (Amaral et al., 2007; Beninca et al., 2013).

Starch undergoes gelatinization (breaking of hydrogen bonds
present in amylose and amylopectin with binding of water molecules)
when heated in aqueous solution, which alters its chemical structure
and increases the size of its granules, a condition which also increases
paste viscosity. The viscosity, which varies according to its botanical
origin, is a determining factor for the application of this carbohydrate
in food products to obtain desirable rheological characteristics (Sarker
et al., 2013).

The addition of starch to processed cheeses requires preliminary
tests utilizing a wide range of operating parameters such as curd
homogenization rate and heat treatment time and temperature. The
measurement of rheological (firmness, adherence, rigidity modulus
and storage) and functional (melting, browning, oil retention) proper-
ties in the final product as well as the conduction of affective sensory
tests with potential consumers are also fundamental and required tasks.

Thus, it becomes imperative to know the interactions between milk
proteins and starch (or amylose and amylopectin fractions), and their
effects on dairy products have been researched. The association

between these two components can lead to many interactions that af-
fect the physicochemical characteristics of the products, including the
effects of nutrients such as lactose and minerals on skim milk, even at
low concentrations. Nevertheless, some interactions have not been elu-
cidated, such as those between milk proteins and the surface of starch
granule. Understanding these phenomena allows obtaining dairy prod-
ucts with higher sensory quality, especially with regard to consistency
(Considini et al., 2011).

In addition to the technological benefits of starches, a portion of
these nutrients can remain intact through the enzymatic action occur-
ring during the digestive process. These fractions of complex carbohy-
drates that cannot be digested, and therefore are not used as energy
sources by man, are also fermented by lactic acid-forming bacteria,
such as resistant starch (Yang et al., 2006). Thus, these compounds
also allow the proliferation and intestinal colonization by these
microorganisms, called bacteroids and bifidobacteria, similar to
that observed for other prebiotic compounds (Lerayer et al., 2013).

The ratio between amylose and amylopectin fractions affects the
rheological aspects of low-fat cheeses. Starches containing higher
amylose contents (such as corn, potato, and wheat starch) are capable
of increasing strength and reducing melting of processed cheeses
(Mounsey & O'Riordan, 2008a), which are undesirable characteristics.
In addition to the amylase/amylopectin ratio, the presence of proteins
in the alimentary system may also affect the characteristics of the gel
formed. Proteins increase gel strength due to the interactions with this
carbohydrate, promoting increased density of proteins in the matrix
and formation of elastic starch globules (Jamilah et al., 2009).

Native or unmodified starches have some limitations of use such as
insolubility in cold water, viscosity, and thickness reduction after
cooking, tendency to retrogradation and loss of ordered structure after
gelatinization (causing syneresis). These disadvantages have led indus-
try to develop modified starches, which are starches subjected to one or
more physical or chemical changes. The physical changes may be
achieved without using additives or biological agents, and involve
techniques such as overheating, osmotic pressure, and pulsed electric
fields. In contrast, the chemical changes involve derivatization mecha-
nisms such as esterification, crosslinking, cationization and acidification
(Ashogbon & Akintayo, 2014; Heertje, 2014). Enzymatic changes
are also employed by using catalysts such as fungal a-amylase, which
was used in the formulation of casein-reduced processed cheese
made with addition of waxy starch partially degraded by this enzyme
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(Kiziloz, Cumhur, & Kilic, 2009). In processed cheeses, like Feta
cheese, the effects of starch of tapioca and lecithin have already been in-
vestigated. In general, modified starches can be used as fat substitutes,
texture enhancers, stabilizers, emulsifiers and thickeners (Abbas,
Khalil, & Hussin, 2010). Pregelatinized starches of corn, waxy corn,
wheat, potato, and rice can also be used in the manufacturing of proc-
essed cheeses, providing a reduction of melting and cohesion in differ-
ent levels. In addition, it was observed that both starches and renin
compete for water (Mounsey & O'Riordan, 2008b), which may lead to
undesirable changes in food.

In fact, starches from different dietary sources are used more often to
increase viscosity and firmness of processed cheeses. Positive effects
have been reported due to the addition of various types of starches,
including starch with high content of amylose (Gampala & Brennan,
2008), potato starch with 21% amylose (Ye & Hewitt, 2009) and corn,
rice and potato starch (Trivedi et al., 2008a,b) in processed cheeses,
thus the starch-dairy protein interactions have been investigated
(Mounsey & O'Riordan, 2008a,b).

4. Low-sodium processed cheese

Currently, there is a great concern on the excessive dietary sodium
consumption, since this mineral has been associated to some coronary
chronic diseases, such as systemic arterial hypertension (Cruz et al.,
2011). Reducing sodium intake is the main focus of public health
policies worldwide aimed to prevent and control hypertension (Felicio
et al, 2013), which is characterized by systolic blood pressure
>140 mm Hg or diastolic blood pressure >90 mm Hg in adults. It
accounts for 62% of strokes and 49% of coronary heart disease. For
instance, the prevalence of hypertension in many countries exceeds
25%, i.e., prevalence of 40% in Czech Republic, Slovenia, and Hungary
(Kloss et al., 2015).

Hypertension represents a significant burden throughout the world
with respect to quality of life and health care system resources, contrib-
uting directly to increased mortality and risk of cardiovascular diseases
such as myocardial infarction, angina pectoris, heart failure, and stroke
(Lollo et al., 2015). As a result of this global scenario, the World Health
Organization issued a recommendation of a maximum intake of 5 g of
salt per day for adults, corresponding to 2 g of sodium (WHO, 2012).
However, several studies have shown that sodium intake in general
population surpasses the maximum limit recommended and, therefore,
many government programs and incentives are being deployed in dif-
ferent countries in order to minimize such practice. For example, in
the USA, the FDA recommends a maximum amount of 2.4 g of sodi-
um/day. Therefore, to execute an intervention that can be implemented
on a large scale production is necessary to an understanding of the pos-
sible impediments for this kind of change (Newson et al., 2013).

Among dairy products, cheese makes a decisive contribution in daily
sodium intake, thus changes in processes are required to meet the
global recommendations of the Health Agencies (Felicio et al., 2013).
In Brazil, a recent agreement between the Ministry of Health and the
industrial sector aims to reduce sodium levels in many processed
foods, including dairy products. The current estimate of sodium
consumption exceeds 4 g/day (>10 g salt/day). The national goal is to
remove 28,000 tons of sodium from foods by 2020 and, among dairy
products, the goal is a reduction of 63% (Brasil, 2014) for requeijao
cremoso, a typical Brazilian processed cheese, which illustrates the
challenges to be overcome by the industrial sector.

Processed cheese is obtained from a mixture of cheeses at different
ripening stages, salt, water, and emulsifying salts, such as citrate, sodi-
um phosphate, or polyphosphate. During processing, the emulsifying
salts play an important role ensuring homogeneous products with
the desired consistency (Chen & Liu, 2012). The real effect of emulsify-
ing salts is the cation exchange of calcium from insoluble calcium
paracaseinate to sodium ions, which leads to the formation of more
soluble sodium paracaseinate (Salek, Cernikova, Maderova, Lapcik, &

Bunka, 2016). Their application is related to the chain peptization, dis-
persion, hydration, and swelling of the proteins, in addition to emulsifi-
cation and stabilization of fat (Hoffmann, Gartner, Liick, Johannsen, &
Maurer, 2012). Indeed, salt reduction in processed cheese represents a
factor of concern about the aspects related to its functional properties
such as firmness and melting (Felicio et al., 2013).

The sodium content in processed cheese is conditioned mainly by
the emulsifying salts that mostly contain sodium, together with the so-
dium chlorine added to the curd, with percentages of 1.5-2.0% w/w
(Johnson et al., 2009). Therefore, efforts to reduce sodium in processed
cheese must involve the modification of one or two ingredients during
the formulation and manufacture (Johnson et al., 2009). A usual tech-
nology alternative is the replacement of NaCl by potassium chloride
(KCl), once the latter helps to maintain the salty taste, and allows
reducing the salt content in food by up to 25% without no loss of
palatability (Gomes et al., 2011). A recent study using response surface
methodology reported 27% reduction in overall sodium content of
processed Mozzarella cheese through partial replacement of sodium
chloride by potassium chloride (KCI) and also by using potassium-
based emulsifying salts, i.e., potassium citrate and di-potassium
phosphate. The final formulation of processed cheese included
30.96% of KCI and 2% of emulsifying as optimum, for obtaining a
product with the maximum sensory scores (Chavhan, Kanawjia,
Khetra, & Puri, 2015).

In fact, emulsifying salts containing potassium as a replacement for
sodium are commercially available and have been successfully used in
processed cheese formulation. However, some changes were observed
in some characteristics of the processed cheese, such as an increased
fracture, higher firmness, lower melting capacity and protein solubility
(Guinee & O'Kennedy, 2012). Furthermore, these compounds present
surface activity, probably due to protein with amino acid residues and
capacity to decrease surface tension at low concentrations, resulting in
an increase in viscosity of the continuous phase and thereby reducing
the time required for coalescence of fat droplets. In general, positive
changes in the compaction and rearrangement in the protein matrix
of processed cheese elaborated with potassium emulsifying salts were
observed (Salek et al., 2016).

Generally, the replacement of sodium chloride by other salts or its
simple reduction leads to multifactorial problems in the manufacturing
process of processed cheese, resulting in changes in physicochemical,
rheological, functional, and sensory qualities of the product (Felicio
et al., 2016).

5. Prebiotic-enriched processed cheese

Prebiotic ingredients promote intestinal health by selectively stimu-
lating the proliferation of beneficial microorganisms, what in turn
contributes to defeat potential pathogens. Besides this they promote
the intestinal transit, having a similar function to insoluble fiber
(Rolim, 2015). According to recent study, prebiotics influence prolif-
eration of colonic bacteria in organic metabolism, by regulating
the immune response, intestinal absorption of glucose and lipid me-
tabolism (Yang et al., 2015). Prebiotic demand was US$ 2.3 billion in
2012 and is estimated to reach US$ 4.5 billion in 2018, growing
at 11.4% between 2012 and 2018; Europe is the global leader in
prebiotics and dominates the demand for these products since inulin
was available as ingredient, accounting for over 40% of the overall
market in 2011 (Before it's new, 2013).

Prebiotics as non-digestible carbohydrates, change the composition
and/or the activity of the gastrointestinal microbiota in a way that
improves the host health (Gibson, Probert, Loo, Rastall, & Roberfroid,
2004). They can bring about large (specific) shifts in the populations
of bacterial groups in the gut ecosystem and direct carbon flux from
carbohydrate substrates to metabolic end products, such as organic
acids, which are thought to improve local and systemic health (Rastall
& Gibson, 2014). Different prebiotics are used in foods that are
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Table 4
Prebiotic factors used in the manufacture of processed
food products.

Prebiotic factor

Oligosaccharide

Fructo-oligosaccharides (oligofructose, inulin)
Fructan

Human kappa casein and derived glycomacropeptide
Stachyose and raffinose

Casein macropeptide

Lactitol (4-O-B-p-galactopyranosyl)/p-glucitol
Lactulose (4-0-B-p-galactopyranosyl)/p-fructose

summarized in Table 4. Among these ingredients inulin, which behaves
both like a soluble and fermentable fiber, is one of the best known
(Akalin & Erisir, 2008; Cardarelli, Buriti, Castro, & Saad, 2008; Meyer,
Bayarri, Tarrega, & Costell, 2011). Inulin creates a defensive effect to-
ward Lactobacillus acidophilus (Roller, Rechkemmer, & Watzl, 2004),
Lactobacillus casei (Aryana & McGrew, 2007; Donkor, Nilmini, Stolic,
Vasiljevic, & Shah, 2007), Lactobacillus paracasei (Makras, Van Acker, &
De Vuyst, 2005), Lactobacillus rhamnosus (Femia et al., 2002), Lactoba-
cillus plantarum (Altieri, Bevilacqua, & Sinigaglia, 2011) and
Bifidobacterium spp. (Roberfroid, Van Loo, & Gibson, 1998), to improve
their endurance and activity throughout the storage of foods that con-
tain these microorganisms. Among the studied oligosaccharides, inulin
has more efficient prebiotic characteristics when compared to
oligofructose, regarding aspects related to: fermentation activity and
the bacterial community composition as similar as the human bacterial
flora (Van de Wiele, Boon, Possemiers, Jacobs, & Verstraete, 2007).

Inulin is colorless and odorless, with a pleasant sweet taste, and can
be dissolved in water (Chawla & Patil, 2010). Inulin is a reserve carbohy-
drate in different plants, consists of fructose molecules bound by links
3-(2 — 1) fructosyl fructose being the term “fructan” used to describe
such compounds (Delzenne, Cani, Daubioul, & Neyrinck, 2005;
Ritsema & Smeekens, 2003; Tungland & Meyer, 2002). Inulin is able to
create a stable foam and emulsion when it is used in a gel form, and it
has similar properties to fat (Akalin & Erisir, 2008; Franck, 2002;
Guven, Yasar, et al.,, 2005). Inulin and oligrofructose confer a rich taste
in the product they are added by creating a good mouthfeel and textual
characteristics similar to what is observed when fat is used in different
products (Karimi, Azizi, Ghasemlou, & Vaziri, 2015).

The physicochemical and functional properties of inulin are linked
to degree of polymerization (DP) as well as the presence of branches.
The short-chain fraction, oligofructose, is much more soluble and
sweeter than native and long-chain inulin, and contributes to improve
mouthfeel (Apolinario et al., 2014). It has also been demonstrated that
only the longer chains inulin which has DP higher than 10 take part in
gel formation, whereas the smaller ones are still dissolved (Mensink,
Frijlink, Maarschalk, & Hinrichs, 2015). Different parameters determine
the gel formation ability of inulin including: the inulin structure type, in-
ulin concentration, temperature, pH, the existence of ions (e.g. Ca®™),
and the presence of other rheology modifier components in the food
system (Tungland & Meyer, 2002). The interaction of inulin compounds
with water described differently, as hydration, adsorption, absorption,
binding, or holding (Greg Kelly, 2008).

The sweetness of inulin is about 10% of that of sucrose. By removing
the smaller inulin molecules, the sweetness is eliminated and the
gel-forming capabilities are enhanced (Schaafsma & Slavin, 2015). In
addition, gel formation by inulin in water solution depends on the pres-
ence of crystal seeds, in which the minimal crystal seed concentration
necessary to form stable gel structure after previous complete inulin
dissolution was established as 0.02% which results in a weak gel
structure while a crystal seed concentration of about 0.4% was related
to formation of strong stable gels, without significant change in the

hardness (Glibowski, Pikus, Jurek, & Kotowoda, 2014). The product
structure and the presence of other ingredients especially hydrocolloids,
can modify the rate and the extent of inulin crystallization and thus
influence its functionality as fat replacer (Meyer et al., 2011). Spite of
the inulin source determines its physicochemical characteristic like its
length and particle size, it does not directly affect the WBC.

In processed cheese, the best results are provided in oil-water
spreads with a fat content varied between 20 and 60%, and water-
continuous formulations containing 15% fat or less (Franck, 2002). The
rheological and textural properties of processed cheese spread with
lower fat in the presence of inulin as a fat replacer (Dave, 2012).

Authors concluded that the yield-stress values of low-fat cheese
spreads prepared in the presence of 7-8% inulin is significantly higher
compared to those full-fat (20% fat with no inulin added) or low-fat
spreads containing low inulin content ones. The spread ability of low-fat
spreads is also positively affected by inulin. The results revealed that the
low-fat processed cheese spreads with 7-8% inulin had yield-stress
amount and spread ability like the full-fat one.

It is valuable to be mentioned that co-addition of prebiotic and
probiotic enhances the therapeutic value of dairy products. Although
almost all dairy products are the usually studied food matrices for
probiotic and prebiotic ingredient addition (Auty et al., 2001; Cruz,
Faria, & Van Dender, 2007; Granato, Branco, et al., 2010; Huang and
Adams, 2004; Tamime et al, 2005; Vinderola, Mocchiutti, &
Reinheimer, 2002) cheeses are more preferred especially from the pro-
biotic point of view (Karimi, Mortazavian, & Cruz, 2011; Karimi,
Sohrabvandi, & Mortazavian, 2012; Lollo et al., 2012; Miller et al,,
2006). The main good potential characteristic which could be men-
tioned are: its higher pH value and lower titratable acidity, higher buff-
ering capacity, more fat content, more nutrient availability, lower
oxygen content, and denser texture matrix (Karimi et al., 2011, 2012).
It is clear that for probiotic processed cheese, in order to maintain the
concept of functional food, production of reduced-fat probiotic proc-
essed cheeses is preferred.

Ideally, taking into consideration all the concepts explained in this
review, it seems obvious that the development of processed cheeses
with a low content of sodium and fat, added or not with prebiotics,
should have sensory rating, functional properties, physicochemical
characteristics, and shelf life time comparable to the conventional
counterpart, as shown in Fig. 3.

6. Perspectives

The development of food products with a health appeal is an irre-
versible tendency for dairy industry, which is obliged to act toward
the reformulation of many conventional and well-established products.
In the particular case of processed cheese, the reduction of fat and
sodium contents is a trend and demanding task because of high
incidence of obesity/overweight and hypertension. In the first case,
the addition of different types of starch (native and modified) and
prebiotic ingredients is a potential alternative, while in the second
case the use of blends of emulsifying salts with normal and
reduced-sodium contents, as well as lower salt in the curd comprise
practical and easy-to-implement alternatives.

The reformulation of processed cheese necessarily involves the
assessment of functional properties and sensory acceptance of the
reformulated products, without affecting their technological attributes,
which could limit the use of reformulated processed cheeses in both
direct consumption and food service.

Thus, these products can be incorporated into diets of people who
avoid eating conventional cheeses, but who routinely consume cheese
as an ingredient in sandwiches and pastes. Besides contributing to the
maintenance of health, these products allow for a more diverse diet
for patients with non-communicable chronic diseases, facilitating to
adherence of the patients to the nutritional treatments and leading to
healthier food choices.
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Fig. 3. Concepts and factors involving the manufacture of low-fat and/or low-sodium processed cheeses.
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