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Technological benefits and potential of incorporation of probiotic bacteria and
inulin in soft cheese

Abstract

There is an increasing consumer demand for dairy products which are safe and free
from additives. Microbial starter strains, in combination with other factors, were
studied for their contribution to the control of unwanted microbes, and maintaining
the quality of soft cheese. The technological and functional characteristics of the
starter culture strains Lactococcus lactis subsp. lactis and Lactococcus lactis subsp.
cremoris, and probiotic bacterial strains Bifidobacterium animalis subsp. lactis BB12,
Lactobacillus acidophilus LA-5 and Lactobacillus casei Shirota were investigated. The
tests included the milk fermentation, resistance to salt and heat, bile and acid
resistance, and growth at a range of temperatures. The probiotic strains differed in
their resistance to salt, bile salts and acid. Inhibitory interactions between probiotic
bacterial strains with each other and with starter culture strains were not detected.
The probiotic bacteria and starter culture strains used have an ability to grow
together on homofermentative and heterofermentative differential agar and
fermentation of fructose in different levels. Non-starter cheese (NSC), cheese with
starter strains (SCS), and cheese with starter and probiotic strains (PSC) were
manufactured. The levels of mesophilic aerobic and lactic acid bacteria, moulds and
yeasts, and Enterobacteriaceae were evaluated in all cheeses. Their contents of fat,
total solids, salt and pH value were tested during 21 days of storage at 2-5°C. Starter
culture strains contributed to maintaining the quality of all cheeses, through
decreasing the viable count of some undesirable microbes. Cheeses differed in the
intensity of the crumbliness attribute, and in preference and intensity of colour
attribute. The colour of starter soft cheese, which was tested using a colorimeter, was
closer to the colour of probiotic soft cheese than those cheeses which were

manufactured without starter culture. The microbial status, storage conditions,
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rancidity, and the sensory characteristics of unripened soft cheese, which was
manufactured with starter culture strains only, were determined during the storage
for 50 days at 2-5°C, as well as during their shelf life for the product. Modified
Atmosphere Packaging (MAP) contributed to slowing the growth of unwanted
microbes, and decreased the values of TBA, TVB-N and TMA in soft cheese.
Consequently, delaying the undesirable changes and maintaining the quality of the
product and extending its shelf life, when compared with vacuum, brine, and air
packaging methods, under the same storage conditions. Potential effects of inulin on
the cheese quality and sensory characteristics of probiotic soft cheese were
investigated. The cheeses differed in their loads of lactic acid bacteria, in addition to
the total solids and water activity. The levels of probiotic bacterial strains were
higher in probiotic soft cheese that manufactured with inulin than in cheese without
inulin, with a potential in the formation synbiotic between the probiotic strains LA-5
and BB12 and inulin. Both cheeses were recorded to have high acceptance in the
cheese attributes, in terms of appearance, aroma, colour texture and the overall
acceptance. The presence of inulin increased the hardness of cheese under vacuum

packaging, after storage for 14 days at 2-5°C.
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Chapter 1

General introduction, aims and objectives, main hypotheses
and research questions

1.1 Introduction

Soft cheese is one of the most popular dairy products in the Middle Eastern countries.
Soft white cheese is commonly produced from pasteurized or raw milk, using rennet.
These products have different pH values, moisture content (>50%), and has a
considerable variety in its content of protein, fat, and added salt. It is manufactured
originally from cow’s milk, buffalo’s milk, sheep's milk and goat’s milk by adding
rennet. Extending the shelf-life and conserving the nutritional components of milk are
the primary objectives for cheese manufacturing. It has an excellent nutritional value,
and therefore, constitutes a suitable environment for the growth of many pathogens,
and it has frequently been associated with several food-borne diseases, particularly in
Iraq, where the product is still manufactured without starter culture. In this sense,
the physiochemical and microbiological characteristics of soft cheese increase the
potential risk that is caused by pathogens (Beresford et al, 2001). The quality and
yield of soft cheese depend on the quality of milk used.

Cheese is consumed by many people, and the nutritional value of cheese, in addition
to a variety of cheese types all over the world has contributed to market growth for
probiotic cheeses (Karimi et al., 2012). Consequently, it is important to improve the
functionality, safety, and the quality of soft cheese, and protect the consumer’s health,
through the incorporation of specific strains of selected probiotics, which have been
defined by FAO/WHO (2002) as "live microorganisms which, when administered in
adequate amounts, confer a health benefit on the host". The incorporation of

probiotic bacteria in cheese contributes to potential improvement of the health status



of the products. For this reason, the range of probiotic products has widely increased
the response to the market requirements (Ong et al., 2006). Cheese has a number of
advantages over other fermented dairy products, such as yoghurt and fermented milk,
as a carrier for delivering live probiotic bacteria to the GIT. It has a high pH value,
buffering capacity, and a more solid consistency. Therefore, it offers excellent
conditions for the survival and growth of probiotics during storage, and during its
passage through the GIT. Cheese manufacturing steps, the storage at low
temperatures, and the short ripening period makes soft cheese a good carrier for the
probiotics, and deliver them to the consumers (Heller et al., 2003). Development of
probiotic cheese require selected strains of probiotics, the ability to maintain their
viability in the cheese during the steps of manufacturing, and in the storage period
until consumption (Phillips et al., 2006). Shah (2007), stated that the probiotics
should be present in a dairy food to a minimum level of 106 cfu g1, or the daily intake
should be about 108 cfu g1. The aim is to compensate for the possible drop in the
number of the probiotic microorganisms during their passage through the upper gut.
The quality parameters, texture, and the sensory attributes of soft cheese, which are
considered to be most important for the consumers, may be changed during the
application of the probiotics strain to cheese (Buriti et al, 2005a). Due to the short
shelf life of soft cheese, it is essential to extend it, through the use of appropriate
packaging system, such as modified atmosphere packaging, which demonstrates a
good performance with some types of cheese. MAP system could play an important
role in preventing or decreasing the growth of unwanted microorganisms, which
contribute to the occurrence of undesirable changes in the physio-chemical
properties of cheese. These changes could negatively affect the consumer’s
acceptability of the product (Khoshgozaran et al, 2012). The recent trend in food

technology is to use 1l-combination of probiotic bacterial strains and prebiotic



ingredients, such as inulin, lactulose, and oligosaccharides “Synbiotic”, so that they
work together to stimulate 2-the growth and/or activity of one or a limited number of
bacteria. In addition, prebiotics may be more effective when used in appropriate
combinations, and consequently, improving the gut health of the consumers
(Boylston et al,, 2004; Wang, 2009). The increased interest in the incorporation of
probiotics and prebiotic ingredients in foods, especially in the dairy products and the
new trend focus on cheese, increasingly makes this a very interesting topic to work
with. Although there are many studies related to the incorporation of probiotic
bacterial strains as an adjunct culture to the starter culture during the cheese
manufacture of some Middle Eastern cheeses. There is a comparatively limited
number relating to unripened soft cheese, such as Iraqi unripened soft cheese, is
considered to be a suitable medium for the growth, carrying, and the delivery of
probiotic bacteria to the consumers, and consequently, the development of probiotic
soft cheese. It has suitable components for the growth and survival of these
microorganisms. In this study, therefore, the research was focused for dissolving the
problems of the unripened soft cheese, which is manufactured currently in Iraqi dairy
plants without any starter culture, and contribute to maintain the quality, safety,
sensory and functional characteristics for the product, through the incorporation the
starter culture strains Lc. lactis subsp. lactis and Lc. Lactis subsp. cremoris. In addition,
probiotic bacterial strains B. animalis subsp. lactis BB12, Lb. acidophilus LA-5 and Lb.
casei Shirota as adjunct cultures, as well as the prebiotics ingredient (inulin).

1.2 Aims and objectives

The aim of this study is to study some factors that contribute to improve the quality,
safety, and functionality of “Middle Eastern” style soft unripened cheese, which is
manufactured without any starter culture. Not only that, probiotic bacteria levels are
important, but also the growth of other microbial groups, including the spontaneous
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and starter lactic acid bacteria, and pathogen and spoilage indicators, will be of
interest. The effect of starter culture strains, the type of milk, and possibly the novel
fibers or prebiotic ingredient will be studied, in relation to the sensory acceptability,
acidity development, safety, and shelf life. Also, investigating the effect of the
manufacturing stages of cheese, such as heat treatment, storage temperature and
packaging methods, including vacuum, modified atmosphere, and brine packaging,
with regards to maintaining the quality of product and extending the shelf life, is

required.

1.3 The main hypotheses

1- Application of a combination of probiotics bacteria, starter culture strains, and
prebiotic ingredient in unripened soft cheese, may contribute in the control of the
risk of pathogens, the extension of the shelf-life, and maintaining the sensory

properties of the product.

2- The manufacture of unripened soft cheese with starter culture strains, and storage
the product under the controlled storage conditions with suitable packaging method,
would be effective in extending the shelf life and maintaining the sensory quality of
the product.

1.4 Research questions
The research questions are:-

1- Are probiotic bacterial strains, when used as adjunct cultures with starter culture
strains in the manufacture of soft cheese under the study, able to maintain a level
required after the end of storage period and at time of consumption of the product in

order to confer health benefits to consumers?



2- Could the manufacture of non-starter cheese, with the starter culture and probiotic
bacterial strains under study, contribute to ensuring its positive effect on the
consumer’s health?

3- Which combination of cultures can affect the quality, safety and the acceptance of
non-starter soft cheese? And which ones do not? In order to see what is essential to
obtain the desired results, what measures can be taken?

4- Could the incorporation of a combination of starter culture and probiotic bacterial
strains in the unripened soft cheese with and without inulin affect the microbiological,
physicochemical, sensory characteristics of the product, and the consumer’s
acceptance?

5- Do salt additions during the manufacture of probiotic soft cheese at a level up to
3.0%, affect the performance of the starter culture and probiotic bacterial strains, and
maintain the cheese quality and consumer acceptability?

6- Which is an appropriate packaging method, amongst the methods used for
maintaining and /or protecting the quality, safety, sensory attributes, and for
extension of the shelf life of the product, in order to selection that method for
achieving a target?

1.5 Outline of the thesis

An introduction to how this study will be carried out is given in the following points:
1- Before their application to cheese, evaluation of the technological characteristics of
the starter culture and probiotic bacterial strains used, in vitro. This includes the
acidification activity, their ability to ferment of milk, salt resistance, growth at a range
of temperatures, and their ability to grow on different media, in the presence of inulin
and lactose together and separately. In addition to evaluating the functional
characteristics of probiotic bacterial strains which are used in this study, several
factors are to be considered, including their survival during exposure to the
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conditions that could be encountered in the GIT. In addition, investigating the
possible competitive inhibition between individual probiotic bacterial strains, and
with starter culture strains, needs implementation.

2- Manufacture of non-starter soft cheese, soft cheese with starter culture strains Lc.
lactis subsp. lactis and Lc. lactis subsp. cremoris, with starter culture and probiotic
bacterial strains Lb. acidophilus LA-5, Bifidobacterium animalis subsp. lactis BB12 and
Lactobacillus casei Shirota, and evaluation of the performance of starter culture and
probiotic bacterial strains used in relation to their effect on the microbiological, as
well as the physicochemical and sensory characteristics of unripened soft cheese
under cold storage.

3- Assess the role of packaging methods, including VP, MAP and BP, in extending the
shelf life of unripened soft cheese, which is manufactured with the starter cultures.
Through measuring the levels of thiobarbituric acid reactive substances (TBARS),
trimethylamine (TMA) and total volatile base nitrogen TVB-N. Also, evaluate the
sensory attributes, including the odour and colour of the product. In addition,
evaluate the effectiveness of packaging methods on the physicochemical properties of
the product, during the storage shelf life.

4- Evaluate the ability of probiotic strains Lb. acidophilus LA-5, B. animalis subsp.
lactis BB12 and Lb. casei Shirota (LcS), to survive after their incorporation as an
adjunct in soft cheese, which is manufactured with and without inulin, and the
storage under cold conditions. In addition, their performance, with regards to the
consumer acceptability of a product, needs to be noted. Furthermore, examine the
microbiological, physicochemical characteristics, the sensory properties and the

texture profile analysis (TPA) of probiotic soft cheese, with and without inulin.



Chapter 2

Literature review: the technological benefits and potential of
the incorporation of probiotic bacteria and inulin in soft cheese

2.1 Introduction

Cheese manufacture remained an art rather than a science until relatively recently.
With the development of knowledge on chemistry and microbiology of milk and
cheese, it became possible to direct the changes involved in cheese manufacture in a
more controlled way. Although few new varieties have involved as a results of this
knowledge, the existing varieties have become distinct and their quality more
consistent. Its production involves a complex interaction between milk, rennet, and
bacteria (Fox and McSweeney, 2004a). This primarily consists of milk fat and
coagulated proteins, and controlling the pH and water activity plays an important role
in the preservation of the product. Cheeses differ widely in their compositions, which
have a major effect on the microbial quality of the final product (Beresford and
Williams, 2004). The microbiology of ‘cheese’ is, therefore, differ, and its study
naturally requires a familiarity, not only of the composition of the product, but also
the conditions of manufacture and the storage of the product. Consequently, different
types of cheeses convey different levels of microbiological risk. The survival or
growth of pathogens are greater in soft cheeses than in the harder varieties, because
the environment of soft cheeses are more suitable for the growth of these
microorganisms than harder cheeses, which have low water activity in comparison to
the soft cheeses, but there is significant correlation between the milk production and
the cheese manufacturing in relation to the quality of the final product (Neaves and
Williams, 1999; Farkye, 2004). Technologically, the positive influences of probiotics
on the quality and sensory characteristics of probiotic products are one of the

essential requirements for their application into foods, which depend on their



viability and activity during the manufacture stages and storage. Consequently,
conferring their beneficial effects to the consumers (Saarela et al., 2000). Keeping
probiotic bacterial strains in a survivable state during the manufacture of functional
foods is a major challenge (Desmond et al.,, 2002). In the development of the probiotic
cheese, irrespective of viability of probiotics until the time of consumption and within
the GIT, other quality factors of cheese, including, sensory acceptance, chemical
stability, and microbial quality throughout the shelf life of this product, technological
respects in industrial production, in addition, its price to the consumer have
substantial importance (Karimi et al,, 2012). Fermented foods, such as cheese, help
promote the positive health image of probiotics, since the health image of dairy
products in general is positive, and consumers are familiar with the fact that
fermented foods contain live microbes (bacteria). In addition, the use of probiotic
bacteria as starter microorganism combines the positive images of the fermentation
process and probiotic cultures (Heller, 2001). Factors that affects the stability of
probiotic bacterial strains in cheese, including, the physiologic state of strain
(whether during the logarithmic or stationary phase of growth), the types of
inoculation, inhibition activities of strains, the pH and titratable acidity of cheese. In
addition, food additives, salt, the temperature of incubation and storage, heat
treatment, and the packaging system used (Karimi et al., 2011) affect the stability.
The application of probiotic bacteria into milk-based food systems, including cheese,
creates challenges, in relation to maintaining the viability and probiotic functionality
during manufacture and the shelf-life of the product (Ross et al, 2002a). During the
manufacture of fresh foods, such as soft cheese, the use of contaminated raw
materials, insufficient heat treatment, and uncontrolled natural fermentation
significantly affects the quality of the final product. In addition, use of ineffective

starter and unsuitable storage conditions contribute to the reduction of the safety of



fermented foods. Furthermore, ensuring good manufacturing conditions, safe starters
which have the ability to inhibit pathogenic microorganisms are more important
question (Nout, 1994; Shalaby, 1996; Johnson, 2001; Adams and Mitchell, 2002; Irkin,
2010). The use of different methodologies in cheese manufacturing, such as direct
acidification with lactic acid and by ultrafiltration causes differences in
physicochemical and microbiological qualities of the final products, may contribute to
make the environmental conditions favourable for developing spoilage and
pathogenic organisms (Carvalho et al, 2007; Planzer Jr et al, 2009). It is difficult to
manufacture cheese in sterilized conditions and keep the quality of cheese intact for a
long period. With regards to unwanted microbial growth, the ability of a cheese
maintain good quality for long time depends on the degree of contamination, method
of manufacturing, cheese composition, and the capacity of contaminants to grow in
the product (Johnson, 2001).

2.2 Characteristics of probiotic bacterial strains

The functionality and safety of probiotics depend upon the strains used. There has to
be a focus, therefore, on the species and on the level at which they are used, in order
to control the quality of the probiotic products for human consumption, and to
protect consumers (Coeuret et al., 2004b). Some strains of probiotic bacteria, such as
Lb. casei Shirota and Lb. fermentum have several functions, including antioxidative
properties, which are important for the prevention of lipid peroxidation, and for the
secretion of hydrogen peroxide. Their antimicrobial activity combined with
antioxidative properties may serve as a protective system in the intestinal microbial
ecosystem and overcome exogenous and endogenous oxidative stress. Furthermore,
the production of organic acids and carbon dioxide (COz) is evident (Yuki et al., 1999;
Kullisaar et al, 2002; Meurman, 2005). The differences in the characteristics of
probiotic bacterial strains can be significant, even when the same strains from
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different sources are used (Grzeskowiak et al, 2011). The technological and
functional characteristics of the same probiotic strains can vary during their
incorporation with different food ingredients (Silveira Rodriguez et al., 2003).
Technologically, probiotic bacterial strains should be capable of growing in milk-
based media and survive during the manufacturing processes and the shelf-life period
without negatively affecting the quality and sensory properties of the final product
(Stanton et al, 2003). The beneficial characteristics of probiotic bacteria are their
ability to survive in acidic conditions, and their resistance to heat, oxygen, and
digestive stress, in addition to metabolize prebiotics (Charteris et al, 1998b; Shah et
al, 2000b; Desmond et al., 2001; Gibson et al, 2004; Homayouni et al., 2008). The
actual safety criteria of successful probiotics have been reviewed in several studies
(Donohue and Salminen, 1996; Collins et al., 1998; Salminen et al.,, 1998; Zhou et al.,
2000; Song et al., 2012). The ability of bifidobacteria to survive in desirable numbers
after their application to foods and during the period of shelf life without adding to
production costs represents an important innovation in the food industries (Doleyres
and Lacroix, 2005).

Because of the use of heat in the manufacturing and storage of cheese, detailed
knowledge of the technical properties of these strains, such as their ability to grow at

a range of temperatures, is useful (Christiansen et al., 2006).

2.3 Selection of the appropriate probiotic strains in the production

of probiotic cheese
LAB strains have a long history of safety, and most of these strains are commensal

microbes with no pathogenic potential (Soomro et al., 2002). A commensal bacterium
evolves with their hosts, but, under certain environmental conditions, they are
contribute outdo defensive the responses of the host and conferring pathological
influences (Tlaskalova- Hogenova et al., 2004). Recently, the application of probiotic

bacteria to foods has aimed to improve their functional and health properties.
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Charteris et al. (1998b), reported that the selection criteria for probiotics strains, in
addition to technological characteristics, includes medico-scientific properties. Initial
tests, for example, on the acid and bile tolerance of probiotic strains before their
application to the food product provide useful information for predicting their
capacity to transit through the GIT. The tolerance of the strains to the acidic
environment could also be a useful predictor for the selection of probiotic strains for
application to fermented foods, with regards to their performance in these products.
The main apprehensions over the addition of probiotics to foods include what type or
form of ingredient/probiotic should be selected, how much must be added to have a
beneficial effect, and whether supplementation contributes to changes sensory
properties. Table 2.1 shows the issues that should be considered when applied

probiotics into food.

Table 2.1. Factors that should be considered when applying probiotics into food

The species or the formula of probiotics selected for the application.

The essential levels of probiotics needed in order to have beneficial effects.

Classification of toxicity of probiotics.

Stability and ability of probiotics facing each stage of manufacture.

The proportion of probiotics in relation to the totality of cells before and after manufacture.
The stability of probiotics during transportation and storage.

The level of their beneficial effects on the sensory properties of the product.

The relationship between probiotics and other fermenting microorganisms, as there may

be synergistic or antagonistic effects between them.

Sources: (Pouwels and Leer, 1993; Holzapfel et al., 2001; Holzapfel and Schillinger, 2002b; Champagne et al., 2005;
Champagne, 2009 ).

A number of studies have shown that the ability of probiotic bacterial strains to
survive in acidic conditions varies between species and strains (Ross et al., 2005).
Selection of new probiotic bacterial strain requires not only a focus on safety, but also
the risk to the benefits ratio should be evaluated (Salminen et al., 1998). The growth

properties and the requirements for the application of bifidobacteria strains to dairy

foods, such as cheese, need to be studied and understood in relation to their survival
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and activity during the manufacture and storage, and with regards to the possible
negative effects on the quality and sensory properties of the final product (Boylston
etal, 2004).

2.4 Fermented dairy probiotic and the functional foods

The fermentation process play an important role in the extension of the shelf life and
an increase in the microbiological safety of foods, and it may also contribute to
making some foods more digestible (Caplice and Fitzgerald, 1999; Soomro et al., 2002;
Heller et al., 2003). Stanton et al. (2005) stated that the functional foods are “foods
that through specific beneficial physiological action contribute to the health of the
consumer”. They provide health benefits, through the creation of equilibrium of
microbiota in the GIT, as well as energy and nutrients (Shah, 2004; Granato et al,
2010a). The activity of probiotic bacterial strains depends on special characteristics
of a single strain (Reuter et al., 2002). The good flavour and texture of probiotic foods
contribute to promoting success their applications into foods (Champagne et al.,
2005). A study by Fritzen-Freire et al. (2010), stated that the incorporation of the
probiotic culture Bifidobacterium BB-12 to Minas frescal cheese directly after
acidification using lactic acid, contributed to the production of cheese with great
potential as a functional food after the storage for 28 days at 5 + 1°C.

The physicochemical properties and ingredients of carrier foods affect the growth
and survival of probiotics during gastric transit, and also bile and acid tolerance and
adherence to the gastrointestinal epithelium (Silveira Rodriguez et al., 2003). In most
of the cheeses that were tested, the viability of probiotic bacterial strains was
maintained at the end of storage periods >10° cfu g1, such as Lb. acidophilus LA-5 in
Menas fresh cheese stored at 4-5°C for 14 days, which was generally recommended as
the minimum therapeutic level for probiotics (De Souza et al, 2008). In other
research, the final viable counts of probiotic bacteria were >107 cfu g-1, such as Lb.
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casei in Fresco cheese stored 10 days (Fernandez et al. 2005) and in many >108 cfu
g1, such as B. lactis BB12 in Cheddar cheese stored at 8 °C for 6 months (Mc Brearty
etal. 2001). In order to offer probiotic health benefits, probiotics must remain viable
in food products over than 10¢ cfu g-1 at the time of consumption, without negative
changes in the sensory attributes (Karimi et al, 2011). The manufacture of probiotic
cheese requires essential probiotic bacterial strains that survive adequately in
relatively lengthy cheese production and storage (Karimi et al, 2012). Probiotic
bacterial strains Bifidobacterium spp., Lb. acidophilus, and Lb. casei, are extensively
applied to dairy foods (Shah, 2007). Controlling the storage conditions of probiotic
dairy products is essential for maintaining high survival of probiotics and increase
the product stability (Shah et al, 1995; Roy et al., 1997). According to Gomes et al.
(2009), the manufacture of a probiotic cheese should have minimum variations in
comparison to traditional products. In addition, the physicochemical parameters that
affect the quality of these products must be determined, aiming at process
optimization. The development of new functional food products is very complicated,
with regards to the consumer’s preferences for the product (Shah, 2007; Granato et
al, 2010a). Sensory evaluations of such food products must be conducted throughout
the whole process in order to avoid and prevent problems affecting the quality of the

final product, and during its marketing (Granato et al., 2010a).

2.5 Probiotic bacteria, prebiotics and synbiotic and the
development of dairy products

Gibson et al. (2010) defined a prebiotic as “a selectively fermented ingredient that
results in specific changes in the composition and/or activity of the gastrointestinal
microbiota, thus conferring benefit(s) upon host health”. Inulin and oligofructose are
functional food ingredients that offer the best combination of nutritional properties

and important technological benefits. Industrially, they can be obtained from chicory
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roots. In food preparations, they play an important role in the stimulation of the
growth of beneficial microbes in the intestine, and improve the organoleptic
characteristics. Inulin is a heterogeneous blend of fructose polymers stored in plants
as a carbohydrate (Niness, 1999; Franck, 2002a). It has been applied to various types
of foods, like confectionery, fruit preparations, milk desserts, yogurt and fresh cheese,
as well as into “functional foods” e.g. probiotic cheese (Roberfroid, 1997; Roberfroid
and Delzenne, 1998; Van Loo et al, 1999; Kaur and Gupta, 2002). Inulin is a non-
digestible oligosaccharide, while, nutritionally, is classified as a dietary fibre (Gibson
et al., 2010). Rastall and Maitin (2002) stated that the new researches in regards to
prebiotic ingredients and synbiotic combinations with probiotics plays important
roles in increasing functional food ingredients. Consumption of inulin and fructo-
oligosaccharide products, can be have significant health benefits, particularly in
regards to their supposed anti-cancer properties, the effect on mineral absorption,
lipid metabolism, and anti-inflammatory and other immune effects such as atopic
disease. In many cases, prebiotics seem to be more effective when used as part of a

synbiotic (Macfarlane et al,, 2008).

Selection of suitable prebiotic ingredients for their application to probiotic foods
must be careful and should be metabolized by probiotics, in addition, they affects the
food acceptability, through the effect on the sensory characteristics. They also affect
the survivability of probiotics in the food product (Jonson et al., 2004; Vorobjeva et al.,
2008; Wang, 2009). In a study by Modzelewska-Kapitula (2007), it was shown that
the use of a high performance inulin (HP) at level 2.5g 100g?! cheese, in the
production of probiotic soft cheese, affected the numbers of potential probiotic
bacteria with desirable properties after storage for 45 days at 6°C. Prebiotic
ingredients are important for maintaining mucosal growth and mucosal functions,
keeping the balance of water and electrolytes, providing energy and nutrients for the
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host, and conferring the body’s resistance against invasion of pathogens (Bengmark,
2003). The survival of probiotic bacteria passing through the GIT depends on their
resistance to acid and bile, and the existence of prebiotics may afford them greater
performance/protection  during  cultivation,  processing, and  ingestion
(Charalampopoulos et al.,, 2003; Corcoran et al., 2007; Ooi and Liong, 2010). Wang
(2009), reported that the criteria for the classification of food ingredients as
prebiotics are 1-their resistance to the upper gut tract, 2-fermentation by intestinal
microbiota, 3-having health benefits to the host, and 4-selective stimulation of

probiotic microorganisms.

2.6 Factors affecting the soft cheese safety and quality during
manufacture and storage

Milk is a complex fluid consisting of water, lactose, fat, protein, organic acids and minerals.
It is an important food commodity, often used in the manufacture of a variety of different
dairy products. It has a high nutritive value, not only for infants of mammal and for human
consumption, but also the microorganisms (Wouters et al., 2002; Walstra et al., 2010).
Cheese is a name that refers to a group of food products based on the fermentation of
milk, produced in several flavours and forms in a wide range around the world. The
objective of cheese manufacturing is to keep the essential components of milk (Fox
and McSweeney, 2004a). Cheese manufacturing includes the formation of curd by the
action of chymosin on casein micelles, followed by acidification, salting, packaging
and cooling (Everett and Auty, 2008). The quality of the milk used affect the quality
of the cheese produced (Green and Manning, 1982; Guinee et al, 2000). Caseins in
cheese are important sources for peptides, which have biological significance,
through their effect on human health and the manufacture of novel functional food
ingredients (Silva and Malcata, 2005). The levels of calcium used in the cheese

manufacturing affect the coagulation of milk by the addition of rennet, and the
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subsequent stages of the curd. The critical factor in cheese-making is the pH value,
which is adjusted inadvertently by the addition of starter culture at level 1.5 - 2.0 %
of cheese milk, which contributes to the reduction of the pH value of milk results in a
decrease in the negative charge of the micelles due to titration of negative charges
with H* ion. Acidification process occur with a number of physicochemical changes,
including, stimulating hydration/dispersion or dehydration/accumulation effects on
the casein micelle, with the ratio of these influences changing as the pH declines from
the milk fermentation (Fox, 2000a; Guinee and O’Brien, 2010). During soft cheese
manufacture, the composition of the milk, including protein, calcium content and the
pH value, affect the rennet coagulation, gel firmness and the syneresis (Fox et al.,
2004b). The main premise of the dairy industry is dairy products quality depend on
the raw materials which they are made (Clark et al, 2009). Undesirable changes
which occur in the food during storage may result from physical or chemical changes
in food, or from microbial activity in or on the product (Wilbey, 1997). According to
Fox et al. (1990) and Johnson and Law (1999), the milk fermentation process by the
metabolism of starter culture strains, is an essential primary reaction during the
manufacture of all types of cheese. Dropping the pH value of curd, which depend on
the cheese type, affects at least the following properties of curd and cheese, such as
syneresis and later cheese composition, retention of calcium which affects cheese
texture, retention and activity of coagulant which affect the amount and type of
proteolysis during ripening process and the growth of contaminating bacteria.
Furthermore, it causes the dissolution of colloidal calcium phosphate from the casein
and slows the growth of contaminating bacteria, including some pathogens. The milk
salts, Ca and PO4and their balance in milk are essential during cheese-making. The Ca
ingredient reduces the rennet-coagulation time of the milk that is due to the

neutralization of negatively charged residues on casein, through increasing the
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aggregation of micelles (Fox and McSweeney, 2004a). The use of low levels of Ca also
increases gel firmness and the degree of acid production and the pH value of the
drained whey are the critical factors that regulate the mineral content of cheese. In
addition, both the pH value and the amount of undissolved milk salts significantly
affect the cheese texture (Lucy and Fox, 1993). Natural rennet is a complex enzyme-
containing ingredient which is added to milk. It contributes to the curd formation and
to the consequent separation of liquid as whey. The levels of rennet used in cheeses
are variable. Some cheeses need a more stable curd than others, and some of the

others need a longer time period for milk coagulation (Fox and Mc Sweeney, 2004a).

In addition to chymaosin, rennet could contain other enzymes, such as pepsin and lipase.
The proteolytic processes in cheeses manufactured with rennet are commonly
dependent on the activity of two main proteases, which are chymosin and plasmin.
Chymosin is active at low pH while plasmin is active at higher pH value reach around
7.5. Therefore, chymosin activity during ripening is highest in mature cheeses, such as
Cheddar cheese. Plasmin has the opposite activity profile; it is mainly responsible for
the hydrolysis of f3-casein which is weakly hydrolysed by chymosin (Lawrence et al,
1984; Fox and McSweeney, 1997; Mullan, 2005).

The high temperature, short time pasteurisation is insufficient to inactivate milk
enzymes completely, as some of the latter are heat-resistant and active at
refrigeration temperatures (Di Cagno et al, 2006). Because of the low cost and varied
functions of salt, it is widely used in the preservation of foods, including cheese. Its
functions in cheese are as a preservative, a contributor to the cheese flavour, and a
source of dietary sodium. Salt contributes to cheese preservation through inhibiting
the growth of pathogens and overcoming spoilage in the presence of desired pH,
water activity and the redox potential. Generally, salt concentrations in cheeses

ranges between ~0.7% (w/w) in Swiss-type and ~6% (w/w) in Domiati cheese
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(Guinee, 2004; Albarracin et al.,, 2011). Numerous public health agencies worldwide
are interested in the reduction of the salt content of foods in order to reduce the
population’s blood pressure values (Durack et al, 2008). Any reduction in the salt
content of processed foods, howe