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Section I, Chapter 1

Interest of the study






1. Interest of the study

Food technology research is very much focused on fulfilling social demands.
The main social concern has been and will always be food security. In that
sense, research aims at guaranteeing food safety by the improvement of both
food processing and monitoring. However, questions of food quality and
healthy nutrition are becoming increasingly important and are socially reflected

as an increase in the demand of “fresh like”” and natural products.

Preservation of foodstuff has been traditionally performed through thermal
processing. However, high temperatures required for the inactivation of
foodborne pathogens may cause undesirable effects, e.g., changes in flavour
and colour via Maillard reactions or destruction of essential compounds such as
vitamins. Hence, during the last decades, food research has focused in the

development of non-thermal technologies.

Among the emerging technologies, ultra-high pressure homogenisation is a
promising technology for liquid foods such as milk owing to the fact that it is a
continuous process (vs. high hydrostatic pressure); it performs two separated
processes at once, i.e., pasteurisation and homogenisation; it can deal with
volumes usual at pilot-scale with a view to go for larger volumes such as those
at production-scale; it can provoke high temperatures but at such a short time
that heat effect can be minimised; and finally, it requires the same equipments

as a common homogeniser (vs. pulsed electric fields or ionising radiation).

Ultra-high pressure homogenisation, as a food technology alternative to
conventional heat-treatments, is currently investigated in a wide range of liquid
foods. Research not only aims at evaluating the effects on the liquid food itself,
e.g., milk for human consumption, but also the effects on the capacity in
obtaining manufactured products and the quality of the final products,

e.g., yogurt or cheese.
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Background






2. Background

2.1.  Starter-free fresh cheese

2.1.1. General information and technological aspects of cheese-making

In Latin American, Middle Eastern and some European countries, fresh rennet
cheeses, such as Queso Blanco, Queso Fresco, Italian fresh cheese and
Halloumi, are produced with little or no culture. Queso fresco de Burgos,
which is one of the main fresh cheeses in Spain, is characterised by an intense
whiteness, softness and high moisture content. Due to being slightly salted and
with mild taste and fresh-milk flavour, this variety of cheese is commonly used
as ingredient for salads and sauces. But it can also be consumed as a dessert,

especially with sweet accompaniments such as honey.

In literature, few studies have dealt with Burgos cheese, and were focused in
either characterising the chemical composition (Marcos et al., 1983, 1985;
Garcia et al.,, 1987; Millan et al., 1990; Medina et al., 1992) or the
microbiology (Chavarri et al., 1985; Garcia et al., 1987). As a consequence,
reviews are rather scarce (Compairé¢, 1975; Yubero, 1988; Altamirano, 1994;
Prieto et al., 1998). However, as a marketing tool, some studies conducted by
distribution companies on commercial cheeses have been published online

(Consumer, 2002, 2007).

Originally elaborated with ewe’s raw milk, pasteurised cow’s milk, or a
mixture of both, is nowadays exclusively used due to Spanish regulations and
economic reasons. Milk for cheese manufacture is generally pasteurised at
70-80 °C for 15-40 s. Higher temperatures have adverse effects on curd
formation, namely longer coagulation times and weaker gels (Guinee et al.,
1997; Singh & Waungana, 2001), and on curd syneresis; that is, higher
moisture content (Walstra et al., 1985; Pearse & Mackinlay, 1989; Rynne et al.,
2004). Nevertheless, the effect of high heat treatment has received considerable
attention owing to its potential for improving cheese yield through
incorporation of whey proteins into cheese curd (Lucey, 1995; Singh &

Waungana, 2001). In addition, pasteurisation reverses the undesirable effects of

7
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cold storage on the cheese-making properties of milk (Fox & McSweeney,
2004). Before cheese production, milk cooled to 4 °C may be held at about this
temperature for several days on the farm and at the factory. Cold storage not
only affects the native microbiota of raw milk by selecting the development of
undesirable psychrotrophic microbiota, but also causes physico-chemical
changes, such as shifts in calcium phosphate equilibrium and some dissociation
of casein micelles, which have undesirable effects on the cheese-making
properties of milk. However, these changes are reversed on heating and are of

no practical significance (Fox & McSweeney, 2004).

Cheese manufacture usually involves an initial standardisation of milk fat and
protein contents. Moreover, the addition of caseinate and/or skim milk powder
into milk before pasteurisation is commonly used in order to increase yield and
improve textural characteristics of cheeses. Besides, milk can present seasonal
differences on native calcium; owing to the importance of Ca®" in various
aspects of cheese manufacture and quality, which will be later discussed,
deficiencies are overcome by supplementing milk after pasteurisation with
calcium chloride (Banks & Horne, 2002). Salting of the cheeses was
traditionally performed through brining for only 10-30 min or 1-2 h depending
on the temperature, size of the cheese and salt concentration of the brine; but
nowadays adding sodium chloride directly to milk before coagulation is widely
used since it results in a better homogeneity of salt content within the final
product and lower microbial contamination by eliminating one of the critical
control points of the HACPP. Moreover, due to the recent social concerns on
health and the role of salt in some diseases, “low salt” cheeses are being

produced without addition of sodium chloride.

Coagulation of milk was traditionally performed with calf rennet, but the
increasing demand has provoked a shift to the use of microbial enzymes, e.g.
from Rhizomucor miehei (Fox & McSweeney, 2004). Coagulation temperature
and time range from 28 to 32 °C and 15 to 45 min depending on the
characteristics of the rennet used. Since lactic starters are generally not used,
the coagulation is entirely by rennet at the natural pH of milk. However, in

some cases, in order to simulate the effect of native microorganisms present in
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raw milk, little amounts of culture is added to the pasteurised milk. The
mechanism of enzymatic coagulation can be divided into two main phases: a
primary enzymatic phase and a secondary aggregation stage of gel formation
(Banks & Horne, 2002). Briefly, the enzyme of the coagulant preparation
cleaves k-casein at the surface of casein micelles, which reduces the net
negative charge and steric repulsion between micelles, destabilising them
sufficiently to allow coagulation. Rennet-hydrolysed micelles thus become
susceptible to aggregation and a three-dimensional gel network is formed
(McMahon & Brown, 1984). The slight decrease in pH, provoked by the
addition of calcium chloride, promotes the primary enzymatic phase of
renneting, while the secondary stage of aggregation is enhanced by calcium
salts (Banks & Horne, 2002). Fat globules participate to a relatively limited
extent in formation of the protein network, being largely physically entrapped
therein, but the fat globule membrane may play a structural role in gels

(Michalski et al., 2002).

Post-coagulation manufacturing procedures aim at the dehydration of curd and
the formation of grains. Under quiescent conditions, a rennet-coagulated milk
gel show syneresis, i.e., expel whey, because the gel (curd) contracts (Dejmek
& Walstra, 2004). However, syneresis may be enhanced if the curd is cut and
stirred. The rate and extent of syneresis is influenced by intrinsic factors,
Le., Ca’" and casein concentrations, and pH of the curd, as well as by extrinsic
factors, i.e., size of the cut pieces, rate of stirring, temperature of the process,
and of course time (Dejmek & Walstra, 2004). The role of added calcium
chloride has not been so far elucidated; the balance between calcium ion
activity, which enhances syneresis, and colloidal calcium phosphate, which
diminishes syneresis, must be considered. However, adding calcium chloride
provokes a slight decrease of the pH, which results in a higher syneresis rate.
Cutting the rennet-coagulated milk gel into pieces creates a free surface
through which syneresis can occur. Syneresis is not only enhanced by
increasing the amount of free surface through cutting small pieces, but also by
the fact that small pieces of curd shrink more than large ones. Since fresh
cheeses are characterised by high moisture content, grains are cut rather large.

Stirring enhances syneresis by preventing sedimentation of the curd particles,

9
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and by provoking external pressure and intermittent deformation of the curd
grains. Increasing the rate of stirring provokes greater syneresis but grains,
especially large ones, tend to break resulting in fine losses. Temperature
greatly affects syneresis by enhancing it as temperature is increased. During the
manufacture of low-moisture cheeses, e.g., Parmigiano-Reggiano, cooking of
the curd is performed by increasing the temperature up to ~55 °C (Fox &
McSweeney, 2004). In contrast, for fresh cheeses, the temperature is usually

kept at the same value at which coagulation is performed.

Fresh cheese shaping is carried out by pouring the obtained grains directly into
moulds of different sizes depending on the format. Whey drainage is achieved
without pressing through gravitation at 7-10 °C. In the case of large cheeses
(500 g), drained curds are turned upside down to facilitate the drainage of the
upper part of the cheese. Unmoulding and compensated vacuum-packing are
performed after cheese cooling in a cold chamber at 2 °C. During storage at
4 °C before commercialisation, syneresis carries on resulting in a block of
cheese embedded within expelled whey. Although some syneresis is desired in
order to maintain the wet aspect to which consumers are used, when excessive,
it can worsen the quality of the product. Hernando et al. (2000) observed that
the addition of alginate, locust beam gum, pectin, microcrystalline cellulose or
guar gum decreased syneresis in Burgos cheeses. Indeed, stabilisers or
thickeners, i.e., gelatine, starches, citrates, phosphates, alginates, agar and
gums, are allowed in the production of fresh cheeses under the Codex Standard
221-2001 (FAO/WHO, 2001). Although a derogated regulation allowed almost
all the stabilisers or thickeners previously mentioned (BOE, 1985), the current
Spanish regulations, i.e., Real Decreto 142/2002 (BOE, 2002) and modifications
(BOE, 2004a,b, 2007), are much stricter; only phosphates are allowed to be
used but gelatine is not considered an additive but a facultative ingredient of

fresh cheeses, such as calcium chloride and skim milk powder (BOE, 2006).

The composition of fresh cheeses strongly depends on the technological
conditions applied by the manufacturer. In general, Burgos cheeses are
characterised by high moisture content (60-75%), slightly higher amounts of
fat than protein on a dry basis (45-55% vs. 35-45%), rather low salt content on

10
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a dry basis (1-1.5%), and high pH (6.5-6.8) (Millan et al., 1990; Medina et al.,
1992; Hernando, 1998; Consumer, 2002, 2007). Under European Directive
2000/13/EC (European Commission, 2000) and Spanish Real Decreto
1334/1999 (BOE, 1999) regulations, the content of a specific ingredient must
be labelled only if it is essential in the definition of the product and to
distinguish it from other products. However, the provisions of Codex Standard
221-2001 for unripened cheese including fresh cheese (FAO/WHO, 2001)
recommend the labelling of fat content (FDM). Burgos-type cheeses fall
between full- (45% < FDM < 60%) and medium-fat (25% < FDM < 40%)
categories of Codex Standard 221-2001 (FAO/WHO, 2001) and Real Decreto
1113/2006 (BOE, 2006). A recent study on Burgos cheeses commercialised in
Spain has shown that many producers use erroneously the category labels
(Consumer, 2007). Since Burgos cheese is a fresh type, proteolysis is rather
low (Garcia et al., 1987; Marcos et al., 1983, 1985). As already mentioned,
coagulation is usually achieved with microbial rennet, although traditionally
calf rennet was used. Recombinant chymosin is commonly used at the
laboratory level and has been proven not to change yield, texture, ripening or
flavour development of cheeses, since recombinant chymosins are
biochemically and genetically identical to calf rennet (Teuber, 1990). Medina
et al. (1992) studied the compositional differences upon using calf rennet or
recombinant chymosin in Burgos-type cheeses. No differences were observed
in yield, moisture content, pH, soluble nitrogen or flavour, but residual levels

of ay;- and B-caseins were higher when using recombinant chymosin.

Concerning general microbiological criteria of cheeses, the Spanish regulation
limited populations of Enterobacteriaceae to 4 log cfu g, Escherichia coli and
enterotoxigenic Staphylococcus aureus to 3 log cfu g, and Salmonella spp. or
Shigella spp. absent in 25 g (BOE, 1985). However, since this normative was
derogated by the current national regulation Real Decreto 1113/2006 (BOE,
2006), in which no microbiological criteria are taken into account, the
European regulations on the topic must be complied. Directives 92/46/EEC and
94/71/EC (European Commission, 1992, 1994), on the health rules for the
production and placing on the market of raw milk, heat-treated milk and milk-

based products, were taken into account when stipulating the regulations.



BACKGROUND & OBIJECTIVES

General and specific rules on the hygiene of foodstuffs are dictated in
Regulations 852/2004 and 853/2004, and the amending Regulations 1662/2006
and 1020/2008 (European Commission, 2004a,b, 2006, 2008): ‘Food business
operators manufacturing dairy products must initiate procedures to ensure that,
immediately before being heat treated and if its period of acceptance specified in
the HACCP-based procedures is exceeded: (a) raw cows’ milk used to prepare
dairy products has a plate count at 30 °C of less than 300 000 per ml; and (b)
heat treated cows’ milk used to prepare dairy products has a plate count at
30 °C of less than 100 000 per ml’. ‘When raw milk, colostrum, dairy or
colostrum-based products undergo heat treatment, food business operators must
ensure that this satisfies the requirements laid down in Chapter X1 of Annex Il to
Regulation (EC) No 852/2004. In particular, they shall ensure, when using the
following processes, that they comply with the specifications mentioned: (a)
Pasteurisation is achieved by a treatment involving: (i) a high temperature for a
short time (at least 72 °C for 15 seconds); (ii) a low temperature for a long time
(at least 63 °C for 30 minutes); or (iii) any other combination of time-
temperature conditions to obtain an equivalent effect, such that the products
show, where applicable, a negative reaction to an alkaline phosphatase test
immediately after such treatment’. Concerning the microbiological criteria for
foodstuffs, Regulation 2073/2005 and the amending Regulation 1441/2007
(European Commission, 2005, 2007), which modifies the standard method for
the identification of coagulase positive staphylococci, stipulate that for “Ready-
to-eat foods able to support the growth of L. monocytogenes, other than those
intended for infants and for special medical purposes” the limit of Listeria
monocytogenes is 100 cfu g (n=5, c=0), for ‘cheeses made from milk or whey
that has undergone heat treatment’ those of E. coli, used as an indicator for the
level of hygiene, are m = 100 cfu g"' and M = 1,000 cfu g”' (n=5, c=2), and for
‘unripened soft cheeses (fresh cheeses) made from milk or whey that has
undergone pasteurisation or a stronger heat treatment’, those of coagulase-
positive staphylococci, m = 10 cfu g and M = 100 cfu g’ (n=>5, ¢ =2), where
n = number of sample units comprising the sample; m = threshold value for the
number of bacteria considered satisfactory if the number of bacteria in all
sample units does not exceed “m”; M = maximum value for the number of

bacteria considered unsatisfactory if the number of bacteria in one or more
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sample units is “M” or more; ¢ = number of sample units where the bacteria
count may be between m and M, the sample being considered acceptable if the

bacteria count of the other sample unit is m or less.

Fresh cheeses such as Burgos cheese are particularly susceptible to
contamination due to their relatively high pH and moisture content, as well as
the absence of competing starter populations. Pasteurisation of the milk used in
the manufacture of such cheeses generally kills pathogens that are present in
the starting milk substrate. However, this does not alleviate concerns regarding
post-processing contamination, such as improper handling or storage by the
manufacturer or the consumer. Among human pathogens that may be found in
dairy products, Staphylococcus aureus, in particular strains producing
enterotoxins, is of paramount importance because heat-treated milk is more
suitable for its growth and enterotoxin production than raw milk; improper
heating regimen or post-pasteurisation contamination are the main causes for
its occurrence (Ozer, 1999). Salmonella spp. is widespread in the environment
and appears in a broad range of dairy products, thus posing a great problem for
the industry; almost any milk or milk product may be contaminated with
salmonellae as a consequence of mishandling or improper hygiene (Ozer,
1999). Listeria monocytogenes is the most notorious pathogen associated with
cheese-related outbreaks of disease, because its optimum pH range for growth
is pH 6-9, and it can grow in the presence of 10% NaCl solution and at 1-5 °C;
although it may be able to survive pasteurisation and grow during refrigerated
storage, post-pasteurisation contamination is its main source (Ozer, 1999).
Burgos cheese is usually held at the dairy premises for 24 h under refrigeration,
marketed the day after manufacture and consumed within the next 3-7 days,
although the labelled expiring date is usually of 14 days. During early 1980s, a
survey on 94 market samples of Burgos cheese showed that most of the
samples did not meet the obsolete Spanish microbiological standards (Chavarri
et al., 1985); mean counts (log cfu g") of 5.83 for staphylococci (25.1% of
coagulase-positive strains) and 5.01 for coliforms (16.3% of faecal coliforms)
were reported. The authors noted an inadequate storage at retail with an
average temperature of 11.4 °C. Although great advances have been made in

food production, packaging, and storage that have enhanced food safety and
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reduced or eliminated a number of contamination concerns, two recent surveys
conducted by a distribution company (Consumer, 2002, 2007) showed that
1 brand out of 7-8, of traditionally produced Burgos cheese, had coliform
counts above 3 log cfu g'l; although these microorganisms are not of particular
concern from a safety point of view, they indicate either an insufficient

pasteurisation treatment of milk or a broken cold chain during storage.

In conclusion, a part from the sensory characteristics, two main aspects are of
major importance for the quality of fresh cheeses, such as Burgos cheese:
syneresis or amount of whey expelled during storage and microbiological
characteristics. Since the general trend in the commercialisation of such

products involves longer shelf-life, both handicaps have to be tackled.

2.1.2. Overcoming microbiological and textural handicaps of starter-free fresh

cheeses

* The use of preservatives in commercial cheeses

Owing to the fact that fresh cheeses without additional preservatives can spoil
in a matter of days, preservatives are commonly used and regulated. Under the
Codex Standard 221-2001 (FAO/WHO, 2001), sorbic acid (E-200) and its
potassium (E-202) and calcium (E-203) salts, nisin (E-234), propionic acid
(E-280) and its sodium (E-281), calcium (E-282) and potassium (E-283) salts
are allowed to be used in the production of fresh cheese. However, the Spanish
regulations, i.e., Real Decreto 142/2002 (BOE, 2002) and modifications (BOE,
2004a,b, 2007), are much restrictive and only sorbic acid (E-200) and its salts
(E-202 and E-203) are allowed in a maximum dose of 1,000 mg kg,
individually or together, expressed as sorbic acid. Although, labelling of
additives is compulsory under European Directive 2000/13/EC (European
Commission, 2000) and Spanish Real Decreto 1334/1999 (BOE, 1999), a
recent study on Burgos cheeses commercialised in Spain has shown that many

producers infringe the rule by omitting them in the labelling (Consumer, 2007).

Sorbic acid and its potassium, calcium, or sodium salts are collectively known

as sorbates. The effectiveness of sorbic acid is greatest in the undissociated
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state and as the pH decreases below 6.5 (Davidson et al., 2002). Sorbates
inhibit some species of food-related yeasts, e.g., Brettanomyces and Candida,
and moulds, e.g., Mucor and Penicillium; but, certain species of yeast are more
resistant, and some acquire a resistance to sorbates, e.g., Saccharomyces
(Davidson et al., 2002). The inhibitory effect of sorbates on yeasts and moulds
may be lethal as well as static. Moreover, sorbates have been found to inhibit
the growth of Escherichia coli O157:H7 and Salmonella in fresh cheese
(Kasrazadeh & Genigeorgis, 1994, 1995). The mechanism by which sorbic
acid inhibits microbial growth may partially be due to its effect on enzymes,
e.g., inactivation of microbial dehydrogenases involved in fatty acid oxidation

(Davidson et al., 2002).

= Ultrafiltration as an alternative cheese-making process

Ultrafiltration (UF) of milk is a concentration process based on membrane
technology which removes water, lactose and most water-soluble minerals and
vitamins. It is generally conducted at ~50 °C by running the feed under
pressure (less than 1,000 kPa) tangentially across an UF membrane with a
molecular weight cut-off of 1-200 kDa. Low molecular weight materials,
i.e. water, lactose, soluble minerals and vitamins, pass through the membrane
and form the permeate (or ultrafiltrate) stream. The membrane retains the
remaining components, i.e., proteins, fat and colloidal salts, and this mass,
called retentate (or concentrate), is used for cheese-making. The concentration
of the retentate is varied by continually recycling the feed across the membrane
until the desired concentration of milk proteins is achieved or by using a very

large surface area of membrane, as in large commercial operations.

As a technology for cheese manufacture, UF has been extensively investigated
and reviewed (Ernstrom & Anis, 1985; Zall, 1985; Lelievre & Lawrence, 1988;
Lawrence, 1989). However, to date, many aspects and drawbacks of the
technology have not been yet elucidated (Pouliot, 2008). Since the early studies
of 1970s, UF attracted the attention of cheese and equipment manufacturers,
not only because of its potential to increase yield through the recovery of whey
proteins in the cheese curd, but also due to its potential to reduce production

costs and to produce new varieties with different textural and functional
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characteristics. Nowadays, UF is been applied in cheese-making technology at
three different levels: (a) protein standardisation of milk prior to cheese
manufacture, applicable to most cheese varieties, (b) concentration of gelled
milk as an alternative to centrifugation in commercial production of fresh acid
cheeses, e.g., Quarg, and (c) production of liquid pre-cheeses for the
manufacture of high-moisture, unripened cheeses, e.g., Feta and Burgos-type

cheeses.

Liquid pre-cheese refers to the concentrate obtained by UF with a composition
close to that of the finished cheese. The pre-cheese concept is based on the
process commonly known as the MMV, patented by Maubois, Mocquot and
Vassal (1969), which was originally developed for Camembert cheese. This
process is continuous and fully mechanised. Milk is usually pasteurised prior to
UF mainly for microbial destruction, since bacteria cells remain within the
retentate, but also to provoke some protein denaturation. After UF, the obtained
retentate is cooled to a temperature not higher than 40 °C, and dosed with
calcium chloride, rennet and salt with a depositor under UV light. Filled

containers are sealed and coagulation takes place at ~30 °C for 45 min.

The retention in cheese of the whole whey protein in its native form produces a
theoretical increase of yield in the conversion of milk into cheese for 12-15 %
(Mistry, 2002). However, this theoretical increase is less than the one actually
found; the suppression of drainage not only obviates the loss of fine particles of
casein, but also causes the retention of glycomacropeptide (5 % by weight of
milk caseins) in cheese made from ultrafiltered milk. Besides increasing, the
yield of cheese by as much as 32 %, the use of the MMV process leads to a
radical simplification of the technology (with a corresponding reduction in
investment costs) since pre-cheese coagulation takes place directly in the
container in which the product is sold. Moreover, since the amount of rennet
needed to obtain a given coagulation time is independent of the concentration
of proteins in the pre-cheese; a saving of up to 80 % of this enzyme may be
achieved (Kosikowski, 1974). However, when UF takes place, colloidal
mineral salts are concentrated in the same proportion as proteins, as shown by

Brulé¢ et al. (1974). Pre-cheese mineralisation must therefore be adjusted to the
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desired value, which is characteristic for each type of cheese, to avoid
manufacturing defects due to an increase in buffering power of the cheese
substance, such as highly acid and metallic taste frequently associated with

bitterness.

Uniformity of quality, composition and, especially of weight makes it possible
to considerably reduce safety margins for cheeses sold by the unit. Moreover,
UF of cheese milk and renneting the retentate allows the manufacture of curd
in such a way that almost no syneresis occurs (Dejmek & Walstra, 2004).
However, the chief difficulty is that MMV process provokes radical changes at
the cheese texture; UF results in a close and homogeneous texture which has
nothing to do with the structured or “curdy textured” cheeses conventionally

manufactured.

To conclude, although both the use of preservatives and UF cheeses are
generally accepted by consumers, there is an increasing social concern about,
on one hand, the possible effects of additives, especially those labelled as E-,
and on the other, on the loss of regionality through traditional foodstuff. Hence,
the research applied to cheese manufacturing focuses on the development of
new technologies or processes which would ensure longer shelf-life without

changing the main specific characteristics of the cheese.

2.2.  Conventional homogenisation and cheese-making

Conventional homogenisation, developed by Gaulin in 1899, has been widely
adopted by the dairy industry. Homogenisation is usually performed at 60 °C
with pressures of up to 20 MPa (Wilbey, 2002), and the milk is processed to
break milk fat globules into fine lipid droplets, preventing cream separation,
thereby increasing stability and shelf life of milk emulsion. Two-stage
homogenisation is commonly used, in which the primary stage reduces the size

of fat globules and the secondary stage disrupts clusters that may be formed.

Although homogenisation of whole milk has detrimental effects on curd
forming properties (Emmons et al., 1980) and curd syneresis (Humbert et al.,

1980; Green et al., 1983), it improves rennet action (Humbert et al., 1980;
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Robson & Dalgleish, 1984) and increases cheese yield due to better fat
recovery (Peters, 1956; Peters & Moore, 1958; Jana & Upadhyay, 1992). These
effects will be meticulously described and discussed throughout the thesis since
conventional homogenisation will be considered as the main reference
treatment. Briefly, homogenisation affects protein structure and causes casein
micelles and whey proteins to become associated with the fat globule
membrane (Michalski et al., 2002). These interactions between fat and proteins
lead to lower curd firmness during rennet coagulation, curd shattering during
cutting, and improper curd matting (Peters, 1956; Peters & Moore, 1958;
Humbert et al., 1980; Green et al., 1983; Jana & Upadhyay, 1992; Tunick et
al., 1993).

2.3.  Ultra-high pressure homogenisation

2.3.1. General considerations

In recent years, homogenisation equipment design has been modified to
achieve far greater pressures. Although the principle of ultra-high pressure
homogenisation (UHPH) is similar to that of conventional ball-and-seat
homogenisers, current developments in the design (e.g., the Stansted valve)

allow homogenisation at pressures of up to 350 MPa (see 2.3.2. Ultra-high

pressure homogenisation equipment).

Applications of high-pressure homogenisation are mainly found in the
pharmaceutical and biotechnology sectors where the technique is used to
emulsify, disperse, and mix (Floury et al., 2000). However, there has been
increasing interest in its application in food technology. Studies of UHPH
processing for food applications, namely for producing milk, dairy products
and vegetable milks have been recently supported by national or European
research projects. As a novel technology, UHPH is actually studied in the food
with a view to assess inactivation of microorganisms, enzymes or viruses
(Moroni et al. 2002; Vachon, et al., 2002; Diels et al., 2005a,b; Hayes et al.,
2005; Picart et al., 2006; Brifiez et al., 2006a,b,c), as well as to fragment
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particles in dispersions and emulsions (Floury et al., 2000; Keck & Muller,
2006) and has recently been reviewed by Donsi et al. (2009).

Forces encountered during UHPH include cavitation, friction, turbulence, high
velocity, and shear (Floury et al., 2004a,b), and result in the heating of the
homogenised liquid (Floury et al., 2000; Hayes & Kelly, 2003a; Thiebaud et
al., 2003). This technology effectively allows a more efficient particle
reduction (than the classical homogenisation) with a concomitant reduction of
microbial load (Hayes & Kelly, 2003a; Thiebaud et al., 2003). When UHPH is
applied to a fluid containing microorganisms, some of them are inactivated
during the compression step, but mostly they are disrupted by the process.
When the fluid passes through the narrow gap of the high pressure valve the
sudden pressure drop, torsion and shear stresses, turbulence, impingement,
cavitation phenomena, shock waves and temperature increase act against
bacteria (Middelberg, 1995; Thiebaud et al., 2003; Diels et al., 2005a; Donsi et
al., 2009b).

Inactivation is affected by: composition of bacterial cell walls (Middelberg,
1995; Wuytack et al., 2002); shape of the microorganisms (Moroni et al., 2002;
Saboya et al., 2003); inlet temperature (Vachon et al., 2002; Diels et al., 2004;
Brifiez et al., 2006a,b; Donsi et al., 2009b); pressure level and number of
passes (Moroni et al., 2002; Vachon et al., 2002; Wuytack et al., 2002,
Thiebaud et al., 2003; Diels et al., 2005a; Picart et al., 2006; Donsi et al.,
2009b); vicosity of the fluid (Diels et al., 2004; Floury et al., 2004b); initial
load (Moroni et al., 2002; Vachon et al., 2002; Diels et al., 2005b); substrate
and water activity (Vachon et al., 2002; Diels et al., 2005a; Brifiez et al.
2006a,c); presence of inhibitors (Vanini et al., 2004; Diels et al., 2005b; Iucci
et al., 2007). Typical inactivation values of resistant pathogenic cells are
approximately 3-4 log cfu mL™ for 300 MPa treatments and less resistant cells
reach up to 9-log cfu mL™' (Wuytack et al., 2002; Diels et al., 2003, 2004;
Brifiez et al., 2006a,c). Finally, scarce information is available regarding the
presence of sublethally injured cells caused by UHPH treatments or
inactivation of spores, being this a subject which deserves to be explored in

detail.
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Moreover, as will be later discussed, studies with whole and skimmed milk
have shown that UHPH produces fine emulsion particles (Hayes & Kelly,
2003a; Thiebaud et al., 2003; Hayes et al., 2005), modifies protein structure
and characteristics (Hayes & Kelly, 2003a; Hayes et al., 2005; Sandra &
Dalgleish, 2005), and inactivates enzymes (Hayes & Kelly, 2003b; Datta et al.,
2005; Pereda et al, 2007), all of which could have indirect effects on the

coagulation properties of milk and the microstructural properties of cheese.

2.3.2. Ultra-high pressure homogenisation equipment

Basically, a high-pressure homogeniser consists of a high-pressure generator
and a homogenising valve assembly designed for this specific high-pressure
application. The processed liquid in any type of homogeniser valve passes
under high pressure through a convergent section called the “homogenising
gap”. Middelberg (1995), Pandolfe (1999) and Miller (2002), reviewed the
physical processes responsible for the disruption of fat globules and
microorganisms in classical high-pressure homogenisers, e.g., APV-Gaulin and
Rannie. In the classical valve design, the fluid is fed axially into the valve seat
and then accelerates radially into the small region between the valve and the
valve seat (Fig. 1.2.1.a). Once the fluid leaves the gap (10-30 um), it becomes a
radial jet that stagnates on an impact ring before leaving the homogeniser at

atmospheric pressure (Kleinig & Middelberg, 1997).

Stansted high-pressure homogenisers (Stansted Fluid Power Ltd., Harlow, UK)
have modified this configuration, allowing steady working pressures of
400 MPa, from year 2006. Stansted homogenising valves consists of ceramic
material, which is known to withstand to ultra-high pressure levels. Moreover,
geometry of the valve has been modified compared with a classical one from
APVGaulin (Fig. 1.2.1.b). The fluid is first fed axially along the mobile part of
the valve and then accelerates radially through the narrow gap between the
valve and valve seat. The size of the slit (~2.0-2.5 um) and the resulting stream
velocity and the pressure of the liquid ahead of the valve depend on the force
acting on the valve piston, which can be adjusted to regulate the homogenising
intensity. The pressure drop of the liquid in the valve is called the

homogenising pressure (Floury et al., 2004a,b).
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Figure 1.2.1. Homogenising valves from (a) Manton-Gaulin APV, and (b) Stansted
Fluid Power (reproduced with permission from Donsi et al., 2009a).
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Throughout the present thesis, three different Stansted high-pressure
homogenisers were used. The study on the coagulation properties of milk

(Section II Chapter 1) was carried out with a first version of the model

FPG11300 owned by CERPTA. This homogeniser comprised a high pressure
valve made of ceramics able to support 350 MPa and a second pneumatic valve
able to support up to 50 MPa located behind the first one (Fig. 1.2.2). The high
pressure system consisted of two intensifiers driven by a hydraulic pump. The
flow rate of milk in the homogeniser was 120 L h™'. Inlet temperature (Tiy) of
milk was kept at the desired temperature by a heat exchanger located behind
the feeding tank (Garvia S.A., Barcelona, Spain). Temperature thermocouples
and pressure gauges placed at the two valves measured temperature (T and T»)
and pressure changes during processing. In order to minimise temperature
retention after treatment, two spiral type heat-exchangers (Garvia S.A.) located

behind the second valve were used.

Some upgrades at the homogeniser led to a modified version of the model
FPG11300 (Fig. 1.2.2). The main difference between the two versions was a
replacement of the conventional second-stage valve by a Stansted valve. In
addition, a refrigeration system between the two valves was incorporated in
order to minimise the heat effect of the treatment, which allowed an instant
cooling and a concomitant decrease of the outlet temperature. Finally, although
not used in any of the present studies, a tubular system, which could be
incorporated to the device when necessary, provided the possibility of

increasing temperature retention time of the treatment.

For the study on protein interactions within the curd carried out at the

University College of Cork (Section II Chapter 2), the UHPH homogeniser

(nm-Gen 7400 H model) consisted of a much smaller device with a flow rate of
300 mL min"'. The primary homogenising valve (Stansted valve) was
surrounded by a constant flow of water at ambient temperature to minimise
rapid expansions or contractions of this valve. Since this device did not have a
cooling system, treated milk was cooled with ice water when collected in

receiving containers.
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In order to avoid contamination, both cleaning and sanitisation protocols were
stipulated. The cleaning protocol, which was fully carried out after and
partially before UHPH treatment, consisted in (a) washing out the remaining
product with hot water with some pressure (~50 MPa) on the equipment in
order to prevent the contraction of metallic parts, which could entrap residual
product, (b) cleaning with a hot solution of universal neutral detergent, and (c)
a cold solution of enzymatic detergent, both cycled for ~1 h. Disinfectants such
as peracetic acid are commonly used on food processing equipments,
especially in dairy plants. However, since they are corrosive, sanitisation of the
UHPH equipment was mainly performed by running water-vapour into the
pipes at downstream of the valve. In addition, in order to avoid cross-
contamination, UHPH was always carried out from the highest conditions

(pressure and temperature) to the lowest.

2.3.3. Ultra-high pressure homogenisation and milk

Microbial inactivation of milk has been assessed by different authors. Thiebaud
et al. (2003) homogenised raw whole bovine milk purchased at a local farm at
T; of 4, 14 and 24 °C (model FPG7400 H, Stansted Fluid Power Ltd). UHPH
treatments at pressures of 200 MPa and inlet temperatures of 24 °C caused total
bacterial count reductions similar to those of pasteurisation processes (30 min
at 63 °C) and almost 3 log cycles after 300 MPa. However, it was observed a
shift in the distribution of the population with respect to raw milk. 200 MPa
treated samples presented an increased proportion of halotolerant bacteria and
decreased psychrotrophic cells. 300 MPa treated samples consisted of heat
resistant and halotolerant bacteria. Picart et al. (2006) obtained the same levels
of inactivation for total microbial counts. Pereda et al. (2007) also obtained
approximately 3 and 4 reduction cycles of total bacterial counts for Ti of 30
and 40 °C, respectively psychrotrophic and lactococci count presented similar
reductions. Coliforms, lactobacilli and enterococci were completely destroyed
by UHPH treatment. UHPH milk was granted a refrigerating shelf life of 18
days.

The potential of UHPH as alternative to heat pasteurisation to inactivate

foodborne pathogens has been also demonstrated in milk (Diels et al., 2005a;
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Vachon et al., 2002; Brifiez et al., 2006a,c). About 5 log reductions of
Escherichia coli were obtained in skim milk at 300 MPa with Ti of 25 °C;
whereas with whole milk under the same conditions, higher inactivation were
observed (~8 log cycles) and was speculated to be due to an increase of
piezosensitivity of microorganisms induced by fat (Brifiez et al., 2006c).
Listeria innocua was reduced by ~4 log cycles at 300 MPa with Ti of 20 °C
(Brifiez et al., 2006a), but L. innocua counts increased during storage at 4 °C
(Brinez et al., 2006a) and 37 °C (Vachon et al., 2002). Complete inactivation of
Salmonella enterica serotype Enteritidis was reported by Vachon et al. (2002)

after 5 homogenisation cycles at 200 MPa.

According to Picart et al. (2006) for T; of 24 °C, size distribution of fat
globules changed from dimodal (3.31 pm main peak and small shoulder around
1 um for raw milk) to multimodal (0.63 and 0.16 um main peaks) after
100 MPa treatment. UHPH treatment induced a progressive decrease at 200
and 250 MPa. Increasing the pressure up to 300 MPa, caused the 0.16 um peak
to increase at the expense of the 0.63 um one. Fat globules with a diameter
<0.36 um represented 78% and 93% of the total volume at 200 and 300 MPa,
respectively. It was also confirmed the presence of very small fat globules of
40-60 nm. No fat aggregates were observed in these experiments. Recycling at
200 MPa decreased the mean diameters and also narrowed the size distribution.
Similar findings were reported by Hayes and Kelly (2003a), and Hayes et al.
(2005). The use of a second stage (10 % pressure balance of the first valve)
could stop or decrease the recoalescence of broken uncoated fat globules
(Hayes & Kelly, 2003a). Milk inlet temperatures have a significant effect on
the reduction of fat globule size. This was informed by Thiebaud et al. (2003)
and Hayes and Kelly (2003a) and confirmed by Datta et al. (2005) who stated

that milk inlet temperature is determinant in the resulting globule size.

Skim milk subjected to two-stage UHPH at pressures ~150 MPa (T; of 5-7 °C;
model ‘nm-GEN’ 7400H, Stansted Fluid Power Ltd.) showed no change in
casein micelle size, and a 5 % decrease at higher pressures, i.e., from 180.75 to
170.65 nm (Hayes & Kelly, 2003a). Sandra and Dalgleish (2005) found no

significant change in the average micelle casein size as a result of single-stage
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41 MPa treatment pressures (T; of 25 °C; Emulsiflex C-5, Avestin, Otawa,
Canada), but increasing the pressure to 186 MPa diminished casein micelle size
significantly. The number of passes at the same pressure level also caused its
size to diminish. According to the authors, UHPH up to 200 MPa seems to
partially remove the surfaces of k- and oy -caseins, but do not disrupt

completely the micelles.

The effect of UHPH treatment on whey milk proteins has been subject of some
controversy. Hayes and Kelly (2003a), found no significant denaturation of
whey proteins in samples subjected to single or two stage UHPH treatments
(T; of 5-7 °C, up to 225 MPa). When T; is raised up to 45 °C whey protein
denaturation was observed, being more extensive the denaturation of
B-lactoglobulin (B-LG) than that of a-lactalbumin (a-LA). Compared to
literature values, UHPH denaturation appeared to be higher than thermal alone
(Hayes et al., 2005). Datta et al. (2005) confirmed these results and proved that
a-LA was not denatured, and for outlet temperatures < 65 °C, B-LG denaturation
was not observed. Pereda et al. (2009) obtained similar levels of a-LA
denaturation in UHPH-treated milk at 200 and 300 MPa with T; of 30 and 40 °C
than in HTST-pasteurised milk. However, UHPH treatments provoked lower

levels of B-LG denaturation than HTST treatment (32-37% vs. 47 %).

Dispersions of whey protein isolate containing 6% or 10% (w/w) protein at pH
6.5 were processed using a 15 L h”' UHPH homogeniser with a Stansted valve
immediately followed by cooling heat exchangers (Gracia-Julia et al., 2008).
UHPH did not induce protein aggregation below 225 MPa. Photon correlation
spectroscopy (PCS) revealed protein aggregation at 250-300 MPa for both
dispersions. PCS (in particle number frequency) indicated a main population of
aggregates at 7, 26 or 50 nm, at, respectively, 250, 275 or 300 MPa and 6%
protein, while a monomodal distribution at 26 nm was observed at the 3
pressure levels and 10% protein, resulting in controlled protein aggregation
without gelation. The effects of mechanical forces predominated over those of
short-time heating, since more insoluble protein was found after UHPH of the
6% protein dispersion at 275-300 MPa (maximum temperature 71-74.6 °C) than

after control assays of continuous heating (4 s) at 71-74.6 °C and atmospheric
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pressure. Atomic force microscopy and electrophoresis confirmed protein
aggregation at 250 MPa which occurred mainly through hydrophobic

interactions.

Concerning indigenous enzymatic activities in milk and UHPH, lactoperoxidase
activity was lowered by UHPH treatments (135, 180 and 225 MPa) to 91, 34 or
0% of the activity shown by raw milk samples (Hayes et al., 2005). Datta et al.
(2005) found that UHPH causes stronger inactivation than thermal treatments
alone (even observed at outlet UHPH temperatures of 60 °C). Plasmin activity
was decreased in samples treated at > 135 MPa. Nevertheless, it seems UHPH-
treated milk would always retain a proportion of its original activity for
T; of 5-7 °C (Hayes & Kelly, 2003b). Picart et al. (2006) observed an increase
of alkaline phosphatase activity for T; of 4 °C and 200-250 MPa. This
corresponded to a maximum temperature of 58 °C after the high pressure valve,
which might help to release enzyme bound to the fat globule membrane or
unfold the enzyme and making active sites more accessible to the substrate.
Above 200 MPa, inactivation to 6% is mostly due to mechanical forces rather
than to thermal effects. Higher lipase activity was observed in UHPH-treated
milk samples (240 % of raw milk lipase activity) for outlet temperatures of
approximately 57 °C. UHPH treatment caused complete inactivation of lipase

when the outlet temperature was higher than 71 °C (Datta et al., 2005).

It is important to bear in mind that discrepancies in the obtained results might
be due to the fact that Stansted homogenisers are prototypes and can be rather
different from one to the other. Hence, the PhD research on milk carried out by
Pereda (2008c) with the same UHPH-equipment used in the present thesis
(model FPG11300, Stansted Fluid Power Ltd.) will be the main reference
work. Briefly, UHPH-treatments at 200-300 MPa were found to be as effective
as pasteurisation in reducing the microbial population (Pereda et al., 2006,
2007), but unlike the heat treatment this technology avoided the overheating of
the product as shown by thermal indicators (Pereda et al., 2009). In relation to
enzymes, the alkaline phosphatase was completely inactivated by UHPH
(Pereda et al, 2007). However, lactoperoxidase and plasmin were not completely

inactivated under certain UHPH conditions, e.g., 200 MPa with T; of 30 °C
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(Pereda et al., 2007, 2008b). The residual activity of plasmin together with the
reduction of particle size in UHPH-treated milk led to great hydrolysis of
casein. Concerning lipolysis and oxidation, milk behaviour depended on the
applied pressure. At 200 MPa, lipolysis was enhanced resulting in an increase
of free fatty acids during storage and was detected by sensory analysis (Pereda
et al., 2008a; Pereda et al., 2008c). In contrast, at 300 MPa no lipolysis
phenomena was detected but UHPH resulted in the oxidation of milk (Pereda et
al., 2008a). However, the majority of panellists did not perceive oxidation and
described UHPH-treated milk at 300 MPa as milk without defects (Pereda et
al., 2008c).

2.3.4. Ultra-high pressure homogenisation and cheese

Previous studies on the cheese-making characteristics of UHP-treated milk
have focused on the rennet coagulation properties. To date, the effects of
UHPH on the manufacture of cheese, in order to evaluate UHPH as an

alternative to pasteurisation for cheese production, have not yet been studied.

In the study conducted by Hayes and Kelly (2003a) raw whole milk was
subjected to single or two-stage (90% of pressure on the primary homogenising
valve and the balance on the secondary valve) UHPH at 50, 100, 150 or 200 MPa
(model ‘nm-GEN’ 7400H, Stansted Fluid Power Ltd.) at Ti of ~5-7 °C. Gel time,
maximum curd firming rate and gel firmness after 2400 s renneting generally
decreased, increased or increased, respectively, as homogenisation pressure
was increased. The use of the second-stage provoked little differences, with the
exception of samples treated at 200 MPa. Samples treated by two-stage UHPH
at this pressure had a higher maximum curd firming rate, greater curd firmness
at 2400 s and shorter gel time than samples treated by single-stage UHPH at

the same pressure.

Sandra and Dalgleish (2007) studied the coagulation properties of heated and
non-heated skim milk treated with single-stage UHPH at 179 MPa (£7 MPa),
for 6 passes, with Ti of 25 °C (EmulsiFlex C-5, Avestin). The effects of UHPH

on the rennet-induced coagulation of skim milk were small but consistent:
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UHPH-treatment provoked a decrease in the gelation time, presumably due to

removal of some Kk-casein from the surface of the casein micelles.

More recently, Lodaite et al. (2009) focused on the rheological properties of
rennet gels from skim and standardised milk (3.6% fat w/w) treated by UHPH
at 100, 200 and 300 MPa with a secondary stage pressure of 5 MPa at Ti of
55 °C (model ‘nm-GEN’ 7400H, Stansted Fluid Power Ltd.). For both skim and
standardised milk samples, UHPH treatment with pressure > 200 MPa, the gel
formation time was reduced with increasing homogenising pressure.
Independently of fat content, the storage modulus of rennet-induced milk gels
increased with increasing pressure; for skim milk, the highest values were
observed for samples containing smaller casein particles. UHPH had little
effect on the fracture properties of rennet-induced skim milk gels; in contrast,
for gels from standardised milk, UHPH provoked higher apparent fracture
stress and lower apparent strain at fracture than those of untreated milk

samples.

In conclusion, so far, UHPH has been proven to enhance rennet coagulation

properties of milk.
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3. Objectives and working plan

The present research work is enclosed within the Spanish national project
AGL2004-01943 entitled “Aplicacion del tratamiento de ultrahomogenizacion
en leches de vaca y cabra para la obtencion de quesos frescos y madurados”,
and included in the European project CRAFT-512626 entitled “Development
and optimisation of a continuous ultra-high pressure homogeniser for

application on milks and vegetable milks”.

3.1.  General objective

The general objective of the present research work was to assess the suitability
of ultra-high pressure homogenisation as an alternative to conventional

processes for the manufacture of starter-free fresh cheeses.

3.2.  Specific objectives

In order to achieve the general objective, UHPH-treatment was compared with
the conventional processes used in the industry for milk intended to
manufacture fresh cheese, i.e., pasteurisation and homogenisation-pasteurisation.

The work dealt with the following specific objectives:

* To determine the optimal conditions, i.e., pressure and temperature, of UHPH
treatment for cheese milk, by studying the effects of UHPH on the rennet

coagulation behaviour of milk.

= To identify changes at protein-protein interactions within rennet gels and the
protein composition of the milk fat globules membrane due to UHPH treatment, in
order to better understand the overall effect of UHPH on the coagulation

properties and cheese-making properties of milk.

= To evaluate the suitability of UHPH-treated milk for the manufacture of fresh
cheeses, by producing starter-free fresh cheeses at a pilot-scale under the optimal

UHPH conditions previously determined.

* To determine the shelf-life of produced fresh cheeses, by following their

microbiological, compositional and biochemical evolution during cold storage.

» To evaluate the texture, rheology, microstructure and colour of produced fresh

cheeses and their aptness for consumption through a sensory analysis.
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3.3.  Working plan

The dissertation is divided into two main parts corresponding to Sections II and

III of the present thesis:

= Laboratory experiences including (a) study of milk rennet coagulation

properties and other related characteristics (Fig. [.3.1), (b) study on protein-

protein interactions within rennet curds (Fig. 1.3.2), and (c) study on the

protein composition of milk fat globule membrane (Fig. 1.3.3).

» Fresh cheese production at pilot-scale and subsequent analyses (Fig. 1.3.4)

including (a) cheese production, (b) microbiological, (c) compositional, (d)

textural, (e) biochemical and (f) sensorial analyses.

Figure 1.3.1. Working plan corresponding to the study on rennet coagulation.
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Figure 1.3.2. Working plan corresponding to the study on protein interactions within

the curds.
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Figure 1.3.3. Working plan corresponding to the study on the fat globule membrane

(MFGM) composition.
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Figure 1.3.4. Working plan corresponding to the studies on fresh cheese.
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Section I, Chapter 1

Effects of ultra-high pressure homogenisation

on the coagulation properties of milk

The effects of single- or two-stage ultra-high pressure homogenisation (100 to 300 MPa)
at inlet temperatures of 30 and 40 °C on the cheese-making properties of bovine milk were
investigated. Effects were compared with those from raw, pasteurisation and conventional
homogenisation-pasteurisation treatments. Rennet coagulation time, rate of curd firming,
curd firmness, wet yield, and moisture content of curds were assessed. Results of particle
size and distribution of milk, whey composition, and gel microstructure observed by
confocal laser scanning microscopy were analysed to understand the effect of UHPH.
Single-stage UHPH at 200 and 300 MPa enhanced rennet coagulation properties.
However, these properties were negatively affected by the use of the UHPH secondary
stage. Increasing the pressure led to higher yields and moisture content of curds. The
improvement in the cheese-making properties of milk by UHPH could be explained by
changes to the protein-fat structures due to the combined effect of heat and
homogenisation.







1. Effects of ultra-high pressure homogenisation on the coagulation
properties of milk
1.1.  Introduction

At the present time, data to describe the technological aptitude of milk treated

by UHPH are scarce. As previously mentioned in Section I Chapter 2, so far,

UHPH has been proven to enhance the coagulation properties of milk (Hayes
& Kelly, 2003a; Sandra & Dalgleish, 2007; Lodaite et al., 2009). However,
discrepancies between studies have been reported on whey proteins
denaturation (Hayes & Kelly, 2003a; Hayes et al., 2005; Datta et al., 2005;
Pereda et al., 2009) and enzymes inactivation (Hayes & Kelly, 2003b; Datta et
al., 2005; Hayes et al., 2005; Picart et al., 2006; Pereda et al, 2007). Such
discrepancies could be attributed to the fact that Stansted UHPH homogenisers

are prototypes and can be rather different from one to the other.

The two main goals of the present work was (a) to determine the effect of
UHPH treatment on the coagulation properties of milk by comparing this new
technology with conventional treatments, and (b) to establish the optimal

coagulation conditions for cheese manufacture.

1.2. Material and methods

1.2.1. Supply and treatment of milk

Raw whole bovine milk was obtained from a local dairy farm (S.A.T. Can
Bado, Roca del Valles, Spain). Milk was standardized at 3.5 + 0.2% (w/v) fat
and kept overnight at 4 °C. Before all treatments, the milk was warmed to
approximately 20 °C. Ultra-high pressure homogenisation was carried out by
subjecting milk to single- or two-stage UHPH (100, 200, and 300 MPa on the
primary valve and 30 MPa on the secondary valve) using the non-modified

high-pressure homogeniser (see Section I Chapter 2) at inlet temperatures (Tj)

of 30 and 40 °C. The milk temperatures measured for the conditions used in

this study are shown in Table II.1.1.
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Table II.1.1. Temperatures (°C) reached during ultra-high pressure homogenisation
treatments'.

Treatment Tin T, T, Tout
30°C 100 MPa 29.6+0.5° 33+1° 54+3" 26+ 119
100 + 30 MPa 296+0.5° 34+1° 58+ 68" 274114
200 MPa 29.6+0.4° 37+1°¢ 75+3"F 34+ 1%
200 + 30 MPa 29.6+0.2° 37+1°¢ 78 +7°F 34+ 1%
300 MPa 298+03° 41+1¢ 93+ 05 36+2°
300 + 30 MPa 209+02°¢ 41+1¢ 88 + 2 °d 35+£3°
40 °C 100 MPa 39.7+03° 43+1° 62+2¢ 28 +3¢
100 + 30 MPa 39.8+03° 43+1° 64+7¢ 28 +3 %4
200 MPa 39.9+04° 46 +1° 84 + 1% 3332
200 + 30 MPa 39.8+04° 47+1° 89 + g o 32 +3%0¢
300 MPa 40.6+03* 50+1° 101 +3° 28 +44
300 + 30 MPa 40.6+0.1° 50+£2° 98 + 7P 30 + 3 bed

*l Mean value + s.d.; n = 3; values without common superscripts were significantly different
(P <0.05).

' T, real inlet temperature; T,: temperature before the 1% valve; T,: temperature after the 1% valve;
Tou: outlet temperature after the cooling system.

UHPH treatments were compared with raw and heat-treated milk samples.
Pasteurised milk (72 °C for 15 s) and homogenised-pasteurised milk (15 + 3 MPa
at 60 °C, 72 °C for 15 s) were chosen as typical treatments of cheese milk in
different cheese varieties (fresh or ripened). Two-stage homogenisation and
pasteurisation of raw milk were performed with a Niro Soavi homogeniser
(model X68P Matr. 2123, Niro Soavi, Parma, Italy) and a Finamat heat exchanger
(model 6500/010, GEA Finnah GmbH, Ahaus, Germany), respectively.

1.2.2. Particle size and distribution

The particle size distribution in milk samples was determined using a Beckman
Coulter laser diffraction particle size analyser (LS 13 320 series, Beckman
Coulter, Fullerton, CA, USA). Milk samples were diluted in distilled water
until an appropriated obscuration was obtained in the diffractometer cell. An
optical model based on the Mie theory of light scattering by spherical particles
was applied by using the following conditions: real refractive index, 1.471;
refractive index of fluid (water), 1.332; imaginary refractive index, 0; pump
speed, 21%. The diameter below which 90% of the volume of particles are
found (Dy0.9), the diameter below which 50% of the volume of particles are
found (Dy0.5), the volume-weighted mean diameter [D(4,3)], and the surface-

weighted mean diameter [D(3,2)] were determined.
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1.2.3. Rennet coagulation properties

Milk was warmed to 32 °C, and recombinant rennet (chymosin with a declared
activity of 180 International Milk Clotting Units mL~"', Maxiren 180, DSM
Food Specialties, Seclin Cedex, France) was added at 0.074% (v/v).
Coagulation was carried out at 32 °C for 30 min. Rennet coagulation
properties, i.e., rennet coagulation time (RCT), rate of curd firming (RCF),
and curd firmness at 30 min (CF), were assessed in triplicate by the Optigraph
system (Ysebaert Inc., Frepillon, France). This device passes an infrared beam
through a sampling tube containing milk. A sensor on the other side measures
the amount of light absorbed by the milk as it coagulates; the changes are
analysed in real time by a computer that converts them into directly usable

data.

1.2.4. Evaluation of yield and moisture content of curds

The potential yield of cheese curd was estimated in quadruplicate as described
by Macheboeuf et al. (1993). Milk samples (270 mL) were warmed to 32 °C
and recombinant rennet (chymosin with a declared activity of 180 International
Milk Clotting Units mL™', Maxiren 180, DSM Food Specialties) at 0.074%
(v/v) was added. Portions of the renneted milk samples (30 g) were transferred
into centrifuge tubes and allowed to coagulate at 32 °C for 30 min. The
coagulum was centrifuged at 13,000 xg for 15 min at 10 °C. Wet yield of
curds, expressed as grams of retained curd per one hundred grams of milk, was

determined by weighing the obtained pellets.

Curds were analysed in duplicate for total solids (TS) content (IDF, 1987) to
calculate their moisture content (100 — TS) and the yield of total curd solids
(wet yield x TS/100).

1.2.5. Whey composition: total nitrogen, whey proteins, and minerals content

The total nitrogen content of whey was analysed in duplicate by the Dumas
combustion method (IDF, 2002). Reversed-phase HPLC analysis of whey
proteins in rennet curd whey was performed using an automated system

(LCM1, Waters Corporation, Milford, MA, USA). Separations were carried out in
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a 250 x 4.6 mm column packed with C8-bonded silica gel with a particle
diameter of 5 pm and pore width of 3,000 nm (Tracer Excel, Teknokroma, Sant
Cugat del Valles, Spain) at a constant temperature of 40 °C, following the
method of Resmini et al. (1989). Residual levels of a-lactalbumin (a-LA) and

B-lactoglobulin (B-LG) were measured as total area of the respective peaks.

Calcium, magnesium, and phosphate in rennet whey were determined in
triplicate by inductively coupled plasma optical emission spectroscopy with a
Perkin-Elmer inductively coupled plasma spectroscopy unit (model 4300,
Perkin-Elmer, Shelton, CT) with axial plasma viewing. The spectroscopy
operating conditions were as follows: power = 1.3 kW; argon plasma flow
rate = 15 L min'; argon auxiliary flow rate = 0.2 L min™'; argon nebuliser flow
rate = 0.74 L min™'; sample uptake rate = 1.5 mL min™'; wavelengths (nm) for
Ca, P, and Mg = 317.925, 213.611, and 285.213, respectively. Whey samples
of 1 mL were transferred to a 25-mL volumetric flask and nitric acid and
deionised water were added to reach a final concentration of 0.2% (v/v) nitric
acid. Standard solutions from 1 mg mL"' stock solution of Ca, P, and Mg were

used to prepare the calibration curves.

1.2.6. Confocal laser scanning microscopy of rennet gels

Confocal laser scanning microscopy observations were performed in
fluorescence mode essentially as Michalski et al. (2002) described. The protein
matrix of renneted milk samples was stained by the fluorescent dye, fluorescein
isothiocyanate (FITC; Fluka, Steinheim, Germany), and the fat globules were
stained by Nile red (Sigma, Steinheim, Germany). The FITC and Nile red were
dissolved in ethanol at a concentration of 2 and 1 mg mL™', respectively. Milk
samples (10 mL) warmed at 32 °C were dyed with two drops of FITC and three
drops of Nile red. Recombinant rennet (Maxiren 180, DSM Food Specialties)
at a concentration of 0.074% (v/v) was added to the dyed milk samples. Then,
3 to 4 drops of the labelled renneted milk samples were transferred to
microscope slides with concave cavities, covered with a coverslip, sealed to
prevent evaporation, and incubated in a temperature-controlled incubator at
30 °C for 30 min. The preparations were cooled and kept at 4 °C for a

maximum of 3 h.
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The confocal microscope (Leica TCS SP2 AOBS, Heidelberg, Germany) was
equipped with an oil-coupled Leica objective with a 63x augmentation and a
numerical aperture of 1.4. Fluorescence from the samples was excited with the
488 nm line of an argon laser. Images were acquired in 2 channels simultaneously
(501 to 549 nm and 574 to 626 nm) as 1,024 x 1,024 pixel slides in the horizontal
X-Yy plane along the z plane at constant gain and offset. Three-dimensional

images were obtained by the average projection of 4 slides with Leica software.

1.2.7. Statistical analysis

The complete experiment was repeated on 3 independent occasions. Data were
processed by multifactor analysis of variance (ANOVA) using the general
linear models procedure of Statgraphics (Statgraphics Inc., Chicago, IL, USA),
taking into account both treatment and production factors, as well as their
interaction except for data on temperatures recorded during UHPH treatment.
LSD test was used for comparison of sample data, and evaluations were based

on a significance level of P < 0.05.

1.3. Results

1.3.1. Particle size and distribution

Four parameters [D,0.9, D,0.5, D(4,3), and D(3,2)] as well as the distribution
patterns were taken into consideration to see the effects of UHPH on particle
size and distribution (Table II.1.2). The size distribution of particles in raw
milk was characterised by a main peak at 3.8 um and a second lower peak
around 0.2 pum, which corresponded to fat globules and casein micelle
particles, respectively. Pasteurised milk showed a similar pattern. As expected,
the size distribution of homogenised milk samples changed markedly; their
main peaks were between 0.1 and 0.3 um for UHPH-treated milk samples, and
approximately 0.4 um for homogenised-pasteurised milk. Milk samples treated
with single-stage UHPH at 300 MPa and T; of 40 °C showed two other peaks,
lower but much wider at 2 and 20 um. Samples undergoing two-stage UHPH
also showed such distribution pattern at pressures of 300 MPa with both T; and
200 MPa with T; of 40 °C.
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Significant differences (P < 0.05) between pasteurised and raw milk samples
were found for D,0.5 and D(3,2). Homogenised-pasteurised samples showed
values between those of pasteurised and raw milk samples, on one side, and
those of UHPH-treated milk samples, on the other. At 30 °C, increasing the
pressure of UHPH significantly decreased all 4 parameters, except for milk
treated with two-stage UHPH at 300 MPa; in contrast, with T; of 40 °C, the
lowest values were observed in milk samples treated with single-stage UHPH
at 200 MPa. Indeed, samples treated at 300 MPa showed higher D,0.9 values
compared with raw milk. Above 100 MPa, the two-stage homogenised samples
showed higher D,0.5 and D(3,2) values than their counterparts treated by
single-stage UHPH. In addition, two-stage UHPH affected greatly both D,0.9
or D(4,3) at 300 MPa resulting in higher values than those of raw milk,
especially with T; of 40 °C.

1.3.2. pH and rennet coagulation properties of milk

Both conventional treatments, i.e., pasteurisation and homogenisation-
pasteurisation, did not affect the pH of milk. However, the influence of UHPH
on the pH highly depended on T; and the applied pressure; below 300 MPa for
T; of 30 °C and 200 MPa for T; of 40 °C, the values were significantly lower
(Table I1.1.3).

Rennet coagulation times were very much dependent on the treatment,
although generally two-stage homogenisation did not seem to affect it, except
for the most extreme treatment at 300 MPa with T; of 40 °C (Table II.1.3).
Samples treated at 100 MPa had significantly lower RCT than raw milk. In the
case of milk treated at pressures > 200 MPa, the effect of UHPH depended on
Ti. At 200 MPa with T; of 30 °C, RCT were also significantly lower than that
of raw milk but similar to those obtained with homogenised-pasteurised milk.
Increasing T; to 40 °C resulted in an increase of RCT down to values similar to
those of raw and pasteurised milk samples. However, temperature increase at
300 MPa provoked a decrease of RCT from values similar to those of raw and

pasteurised milk samples down to those of homogenised-pasteurised milk.
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Table I1.1.2. Particle size (nm) of raw, pasteurised, homogenised-pasteurised, and
ultra-high pressure homogenised milk samples'.

Treatment’ D,0.5 D,0.9 D(@3,2) D(4,3)
Raw 3,110 £35° 5,071 £27° 626 +29° 2,904 +50°
PA 3,156+ 12° 5,162 +36° 589 + 14° 2,936 + 14°
HP 389 £5¢ 1,104 + 35 ¢ 315+ 12°¢ 504+ 119
UH T;=30°C

100 MPa 338+ 3¢ 804 + 33 ¢ 277 + 8¢ 444 + 79¢

100 + 30 MPa 310+9°¢ 680 + 10 4°f 250 £11° 403 + 6 °F
200 MPa 214 +25" 430+ 15°° 187 +22° 246 + 19 &
200 + 30 MPa 250+ 148 491 + 13 °F 210 + 14 &N 307 +27 fvg

300 MPa 147 + 41 202+ 12°F 169 + 3 & 134 + 50

300 + 30 MPa 254 +10¢8 5,817 +354° 215+ 7% 2,013 +138°¢
UH T,=40°C

100 MPa 255+ 5% 487 £ 4 °F 206 + 58" 279 £ 4 ¢

100 + 30 MPa 247 + 48 505 + 10 o 200+3" 335j:31‘f‘g

200 MPa 122i2f‘ 232+1° 112i1? 13711

200 + 30 MPa 177+ 8! 453 + 40 °° 157 + 64 470 + 88 4¢

300 MPa 153 £ 19 451 + 14 °F 143+ 1°* 2,083 £120°¢

300 + 30 MPa 266+9F 12,226 + 1,731 ° 24+6" 3,704 + 354 °

I Mean value + s.e.; n = 9; values without common superscripts were significantly different (P < 0.05).

' D,0.5: diameter below which 50% of the volume of particles are found; D,0.9: diameter below which
90% of the volume of particles are found; D(3,2): surface-weighted mean diameter; D(4,3): volume-
weighted mean diameter.

2 PA: pasteurisation; HP: homogenisation-pasteurisation; UH: ultra-high pressure homogenisation at inlet
temperatures (T;) of 30 and 40 °C.

Table I1.1.3. pH and rennet coagulation properties of raw, pasteurised, homogenised-
pasteurised, and ultra-high pressure homogenised milk samples].

Treatment’ pH RCT RCF CF
(min) (mA/min) (mA)
Raw 6.75 +0.02 *° 7.50+0.12%  1.35+0.04¢ 12.74 + 0.38 ¢
PA 6.77 £0.02* 748 £0.19%¢  1.51+0.03° 13.54+0.24°¢
HP 6.75 +0.03 *° 7.08 +0.21¢ 1.08 + 0.06 10.25 +0.26"
UH T;=30°C
100 MPa 6.52+0.08 " 5.44+027¢ 1.07+0.10°¢ 11.51£0.71¢
100 + 30 MPa 6.51+£0.09°" 5.18+0.27¢ 0.77 £0.07 ¢ 10.32 £ 0.54"
200 MPa 6.68 + 0.05 6.91 + 0.29 ¢¢ 1.84 £0.07° 15.00 £ 0.312
200 + 30 MPa 6.69 + 0.03 °° 7.02 +0.09 ¢ 1.32 +0.05 ¢ 11.99 + 0.27 &f
300 MPa 6.75 + 0.03 *° 7.69 +0.09° 1.72 +0.02° 14.46 + 0.16°
300 + 30 MPa 6.74+£0.01*  768+0.11° 1.32 +0.05¢ 11.75+ 033 ¢
UH T;=40°C
100 MPa 6.61 £0.04°¢ 6.40£0.16 " 1.07 £0.05°¢ 10.65 + 0.43 "
100 + 30 MPa 6.62 +0.03 ¢ 6.53 £ 0.24 f 0.54 +0.07 ¢ 7.64 046"
200 MPa 6.74£0.01*>  748+023*" 1.81+0.06° 15.41 £ 0242
200 + 30 MPa 6.75 + 0.02 *° 7.22+030%¢  136+0.08¢ 1222+ 030°
300 MPa 6.74+0.01 ¢ 7.13 +0.29 1.86+0.12° 14.43 £ 0.42°
300 +30MPa  6.76 + 0.02 ° 7.57+0.11 % 1.13+£0.03°¢ 10.45+0.18"

* Mean value + s.e. (for pH, mean value + s.d.); n =9 (n = 3); values without common superscripts were
significantly different (P < 0.05).

' RCT: rennet coagulation time; RCF: rate of curd firming; CF: curd firmness.

2 PA: pasteurisation; HP: homogenisation-pasteurisation; UH: ultra-high pressure homogenisation at inlet
temperatures (T;) of 30 and 40 °C.
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Pasteurisation treatment increased RCF compared with raw milk, but no
differences on CF were observed. In contrast, conventional homogenisation-
pasteurisation provoked a decrease of both RCF and CF. The effect of UHPH
depended mainly on the applied pressure. At 100 MPa, UHPH triggered a
decrease of RCF and CF down to values similar to those of homogenised-
pasteurised milk samples. However, at pressures > 200 MPa, both RCF and CF
were drastically increased. Two-stage homogenisation in all UHPH treatments
significantly (P < 0.05) diminished both RCF and CF in relation to their

homologues treated by single stage.

1.3.3. Curd yield and moisture content

Wet yields and moisture content of the curds obtained from the UHPH-treated
milk samples were significantly greater than those of homogenised-pasteurised,
pasteurised, and raw milk samples (Table I1.1.4). Increasing the pressure from
100 to 300 MPa with T; of 30 °C increased wet curd yield by approximately
33-65%, and moisture content by approximately 11-18% compared with raw
milk. Below 300 MPa, UHPH treatments with Ti of 40 °C resulted in higher
wet yields and moisture content of curds in relation to their homologue

treatments at T; of 30 °C.

Conventional pasteurisation and homogenisation-pasteurisation increased the
yield of total curd solids by ~15% compared with raw milk (data not shown).
Higher increases were obtained with UHPH treatments above 200 MPa at both
Ti. The use of the second stage at 200 MPa increased the yield of total curd
solids; in contrast, two-stage UHPH provoked lower increases at 100 and

300 MPa than their single-stage homologue treatments.

1.3.4. Whey composition

All treatments significantly (P < 0.05) decreased the amount of total N in whey
(Table II1.1.5). The UHPH samples showed a decrease of approximately 2 to
27% correlated to the increase of pressure. Above 200 MPa, the effect of
UHPH was much higher than those of conventional pasteurisation and

homogenisation-pasteurisation treatments (data not shown). Increasing T; to
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Table I1.1.4. Wet yield and moisture content (%) of curds from raw, pasteurised,
homogenised-pasteurised, and ultra-high pressure homogenised milk samples.

Treatment' Wet yield Moisture content
n=9) (n=16)

Raw 20.72 + 0.13° 65.62 + 0.66"
PA 2271 + 095" 63.53 + 0.48"
HP 2734 + 049™ 70.10 £ 0.20°
UH T;=30°C

100 MPa 28.39 + 0.57 71.92 + 0221
100 + 30 MPa 29.01 + 0.51°F 73.03 + 0.15"
200 MPa 3147 + 0.76" 7435 + 0.24°¢
200 + 30 MPa 32.76 + 0.57¢ 75.10 + 0.16¢
300 MPa 3535 + 0.71° 76.42 + 0.09®
300 + 30 MPa 3434 + 0.64° 75.95 + 0.09°
UH T, =40°C

100 MPa 2994 + 0.117 73.43 + 0.17¢
100 + 30 MPa 30.81 + 0.09° 73.84 + 0.10F
200 MPa 3375 + 0.13°¢ 75.18 + 0.12¢
200 + 30 MPa 34.14 £ 0.11°¢ 7539 + 0.27¢
300 MPa 33.98 + 0.11¢ 75.70 + 0.17°¢
300 + 30 MPa 33.40 + 0.19° 75.66 + 0.31°¢

#° Mean value = s.e.; values without common superscripts were significantly different (P < 0.05).

! PA: pasteurisation; HP: homogenisation-pasteurisation; UH: ultra-high pressure homogenisation at inlet
temperatures (T;) of 30 and 40 °C.

Table II.1.5. Differences in nitrogen and mineral content (calcium, phosphate and
magnesium) of whey from ultra-high pressure homogenised milk samples (A% of raw
milk whey).

Treatment' N Ca P Mg

T;=30°C
100 MPa 233+047° 4.29 +0.69 *° 6.19 + 127 %P 1.28 +0.81 *°
100 +30 MPa  -4.11 +£1.09° 7.42+123° 837 +1.65° 2.13+£0.70°
200 MPa 212,62 +2.01¢ 2.61+0.64° 2.83+139°%  _1.11+0.87°¢
200 +30 MPa -18.07 £4.52°¢ 0.90 + 1.48° 1.70 £ 1.04%¢  -0.37 +0.44 °¢
300 MPa 21.63+049¢ 598+1.97%  469+1.01%" -536+032"¢
300 +30 MPa -21.61 +1.45¢ 430+042° 3.56 042580 54640648

T; =40 °C
100 MPa 921+128°¢ 27.04+ 1374 0.75+ 1.78 %% _0.63 + 0.79 °°
100 +30 MPa  -9.85+2.67°¢ 478 +1.54° -1.02 £ 0.67 %" -1.44 + 0.35 %4
200 MPa 2199 +1.55¢ 84240649  264+139°%%¢  274+0.92%
200 +30 MPa -1929+244°%  .938+123%f .574+097%" .335+0.61°
300 MPa 2656 +0.74" 21127+ 064% 2699 +£0.95" -6.15+0.58 2"
300 +30 MPa -20.58 £0.78 "¢ -12.97+1.64°  -10.89+1.72" 7.65+ 134"

i Mean value + s.e.; n = 9; values without common superscripts were significantly different (P < 0.05).
" T, inlet temperature of milk.
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40 °C resulted in lower N recovery in relation to their homologue treatments at
T;i of 30 °C. The effect of the second-stage in UHPH depended on T;. Either a
significant decrease or no effect were observed with T; of 30 °C; in contrast at
pressures > 200 MPa with T; of 40 °C, higher N contents were observed for

two-stage UHPH treatments compared with their single-stage homologues.

Similar results were observed for B-LG content of whey (Table I1.1.6). For
a-LA, although no statistical differences were found between whey from raw,
pasteurised, and homogenised-pasteurised milk samples, all UHPH treatments
showed a significant decrease of a-LA in whey compared with raw milk.
Denaturation of B-LG was more important than that of a-LA; the highest levels
were obtained at 300 MPa with approximately 35% denaturation for B-LG, and
around 12% for a-LA.

Table IL.1.6. Residual o-lactalbumin and B-lactoglobulin (measured as total area x10°
of the respective peaks) in whey of raw, pasteurised, homogenised-pasteurised, and
ultra-high pressure homogenised milk.

Treatment' o-Lactalbumin p-Lactoglobulin
Raw 41.09 + 1.55° 107.71 £ 5.99
PA 4052 +1.52° 102.76 + 5.66
HP 39.88 +1.50 ° 94.65 + 4.82 ¢
UH T;=30°C
100 MPa 38.41 +0.56° 103.16 + 3.04 >*
100 + 30 MPa 38.43+039° 103.88 + 4.06°
200 MPa 37.55 £ 0.29 >° 85.65+1.60°
200 + 30 MPa 36.75 £ 0.72 ¢4 86.25+1.30°
300 MPa 36.08 + 0.22 ¢ 70.04 £2.07°
300 + 30 MPa 36.86 + 0.42 ¢ 69.28 + 1.86 "

*f Mean value = s.e.; values without common superscripts were significantly
different (P < 0.05).

' PA: pasteurisation; HP: homogenisation-pasteurisation; UH: ultra-high
pressure homogenisation at inlet temperature (T;) of 30 °C.
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Whey from pasteurised and homogenised-pasteurised milk samples showed
lower amounts of Ca and Mg and similar amounts of P compared with raw
milk (data not shown). The mineral content of whey from UHPH-treated milk
samples markedly depended on T; (Table II.1.5). At 30 °C, treatments at
100 MPa increased significantly the amount of the three mineral salts
compared to raw milk; in contrast, whey from milk UHPH treated at 300 MPa
had lower amounts. Increasing T; from 30 to 40 °C lead to lower mineral

content in whey especially at pressures > 200 MPa.

1.3.5. Confocal laser scanning microscopy of rennet gels

Confocal micrographs of rennet gels revealed the existence of visual
differences between treatments in the proteinaceous matrix and fat globule size
as well as at their interaction (Fig. II.1.1). Rennet gels from pasteurised milk
were similar to those obtained from raw milk. The micrographs showed a
porous structure of the casein network with native milk fat globules mainly

located in the serum pores of the gels (results not shown).

When milk was homogenised-pasteurised, the rennet gels presented open
matrices; serum pores were large, irregular, and delimited by thick and lumpy
strands. Nile red fluorescence revealed that fat globules had different locations
depending on their size (Fig. II.1.1.a). The smallest fat globules (< 0.5 um)
became part of the proteinaceous network, explaining the thickness of the
strands. The gels presented many strands that ended with midsized fat globules
(~1 pwm). Larger fat globules (~1.5 to 2 pm), which accounted for a very small

number, were retained in the serum pores.

Although UHPH treatments at 100 MPa with both T; of 30 and 40 °C showed a
greater amount of smaller fat globules and few larger globules (~4 to 6 um),
the general aspect of the matrix was rather similar to that of homogenised-
pasteurised milk samples (Fig. I1.1.1.b). The second stage at 100 MPa reduced
the size of the largest fat globules (~3 um). Moreover, the structure of the gel
was smoother with smaller pores. However, the smallest fat globules were also

embedded within the proteinaceous network.
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Figure II.1.1. Confocal laser scanning micrographs of rennet curds from: (a)
homogenised-pasteurised milk; ultra-high pressure homogenised milk samples with an
inlet temperature of 30 °C at (b) 100 MPa, (c) 200 MPa, and (d) 300 MPa; Nile red
fluorescence (fat) of curds from milk treated by ultra-high pressure homogenisation at
(e) 200 MPa, and (f) 200 + 30 MPa; aggregates of fat globules died with (g) Nile red
and FITC, and (h) Nile red.

(a) (b)

(©) (d)

10

(e) ()

10 pm

(2) (h)
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Micrographs of gels from single-stage treatments above 200 MPa showed that
Nile red fluorescence at the level of the proteinaceous network was markedly
weaker (Figs. II.1.1.c & d). Rennet gels from milk treated at 200 MPa revealed
tight matrices. It should be mentioned that micrographs from UHPH-treated
milk at 300 MPa not only had lower levels of Nile red fluorescence but also
lower FITC fluorescence (Fig. II.1.1.d). The second stage above 200 MPa
provoked the coating of midsized fat globules; this phenomenon was more
visible as the pressure at the first valve was increased. Moreover, the
proteinaceous matrices, which were more lax than those of rennet gels from
single-stage treated milk samples, were strongly stained by Nile red
(Figs. II.1.1.e & f). Two-stage UHPH treatment at 300 MPa, especially with T;
of 40 °C, provoked the formation of spherical protein aggregates surrounding a

large number of non-coated, midsized fat globules (~2 um; Figs. II.1.1.g & h).

1.4. Discussion

1.4.1. Effects of heat and conventional homogenisation treatments

Mild heat treatments are considered to have no or little effect on the whey
proteins of milk, although there are reports that heat pasteurisation (72 °C for
20 s or 73 °C for 15 s) could cause denaturation of approximately 7% of the
whey protein fraction of milk (Jelen & Rattray, 1995). Our results showed that
pasteurisation heat treatment of 72 °C for 15 s was sufficient to reduce ~5% of
the total N of whey, with levels of residual B-LG and a-LA being ~5 and 1.4%
lower, respectively, in whey from pasteurised milk compared with untreated

milk.

Furthermore, heating has a marked effect on the milk salts equilibrium and
their interaction with casein. It is generally agreed that heating leads to a
decrease in diffusible calcium and inorganic phosphate, due to precipitation of
calcium phosphate, which may be reversed depending on the intensity of the
treatment (Gaucheron, 2005). Under our experimental conditions, the decrease
of Ca, P, and Mg in whey from pasteurised milk suggests a mineral transfer

from soluble to colloidal phase of milk.
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Milk pasteurisation has only minor effects on the formation and physical
properties of rennet-induced milk gels (Lucey, 1995). In the present study,
pasteurised milk had no significantly different RCT and CF in relation to
untreated milk. However, more severe heating conditions impair renneting
milk properties (Dalgleish & Banks, 1991; Guinee et al., 1996, 1997; Singh &
Waungana, 2001). The causes have been broadly investigated even though they
are not yet fully understood. Both the enzymatic and non-enzymatic phases of
rennet clotting are delayed and the RCT is longer than that of unheated milk.
The strength of renneted milk gels is also adversely affected in heated milk. It
has been established that when heated, B-LG and k-casein form a complex by
sulfydryl-disulfide interchange at the micelle surfaces that reduces the
accessibility of the rennet to the k-casein and provides steric hindrance to close
approach and fusion of paracasein micelles. Moreover, heat induces the
deposition of calcium phosphate and the consequent reduction in native

calcium phosphate, which is important for cross-linking paracasein micelles.

Incorporation of denatured whey protein in the curd from pasteurised milk did
not increase the moisture content of the curd compared with raw milk.
However, the yield of TS of the curd from pasteurised milk was ~15% higher
than that from raw milk, which is probably due to the incorporation of
denatured whey proteins into the curd. According to Lau et al. (1990)
pasteurisation (63 °C for 30 min) has little effect on fat recovery in cheese but
N recovery is improved, and approximately 5% of the whey proteins are
associated with casein micelles after pasteurisation, resulting in an increased

theoretical cheese yield.

During conventional homogenisation, the fat globule size is reduced, the fat
surface area increases markedly, and a new adsorbed layer consisting of milk
proteins (mainly casein micelles and casein subunits and whey proteins) is
formed around the fat globules (Cano-Ruiz & Richter, 1997). The results of the
present study showed a marked reduction of both volume- and surface-

weighted mean diameters, from 2.9 to 0.5 um and 0.6 to 0.3 pm, respectively.

It has been reported that homogenisation processes do not affect the

distribution of calcium in milk (Robson & Dalgleish, 1984). In our study, the
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amount of Ca, P, and Mg in whey of homogenised-pasteurised milk samples

did not differ from those of pasteurised milk samples.

Homogenised-pasteurised milk samples presented lower RCT than raw and
pasteurised milk samples, results that have also been observed by other authors
(Robson & Dalgleish, 1984; Ghosh et al., 1994; Guinee et al., 1997). The lower
RCT of homogenised milk samples could be explained by the fact that most
K-casein is located on the micelle surface. As the casein enrobes the fat
globules, the k-casein level is effectively diluted and a smaller critical level of
K-casein hydrolysis is required to start coagulation (Guinee et al., 1997).
Furthermore, homogenisation increases the surface area of casein by a
spreading process, k-casein being more available for chymosin action, and

thus, reducing RCT (Ghosh et al., 1994).

In the current study, the CF of homogenised milk samples was reduced by
approximately 24% compared with untreated milk. The weaker gels from
homogenised-pasteurised milk samples could be attributed, according to
different authors (Humbert et al., 1980; Robson & Dalgleish, 1984; Ghosh et
al., 1994), to a greater dispersion of fat in the curd, to a reduced number of
casein particles available to form a strong network because some of the casein
is tied to the surface of the new formed fat globules, or to the small fat globules
that are entrapped in the gel disrupting the continuity of gel structure and
acting as weak centers in the gel. Confocal laser scanning microscopy revealed
fat globules embedded within the protein matrix resulting in thick and lumpy

strands and a concomitant coarser texture.

Compared with single pasteurisation, the homogenisation-pasteurisation
treatment produced higher (P < 0.05) amounts of denatured B-LG and
significantly increased the moisture content of the curd. Homogenisation of
milk resulting in slower whey drainage of the curd has been observed by
several researchers (Humbert et al., 1980; Green et al., 1983; Ghosh et al.,
1994). The effects of homogenisation on the moisture content of the curd have
been attributed to the higher incorporation of denatured B-LG and the alteration

in the protein-fat structure of the curd.
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1.4.2. Effects of UHPH treatments

In accordance with Hayes and Kelly (2003a), smaller fat globules were
obtained by two-stage UHPH at pressures below 200 MPa. Thus, the second
valve would act as the secondary stage of a normal homogeniser; that is,
stopping or decreasing coalescence. Many studies have shown that above a
critical pressure, there is an increased susceptibility of fat globule coalescence
(Floury et al., 2000, 2004; Desrumaux & Marcand, 2002). Above 200 MPa, the
secondary stage not only increased the average size of particles but also
widened the distribution; that is, higher heterogeneity, compared with single-
stage homogenisation. This may be due to partial agglomeration of very small,
insufficiently coated globules that collide within the second valve. Thiebaud et
al. (2003) detected very small fat globules (40 to 60 nm droplets) in single-
stage UHPH-treated milk at 200 and 300 MPa, and the impact forces that act
on the droplets as the result of a collision have been determined as sufficient to
cause disruption of the interfacial membranes (Floury et al., 2000). A
broadening of the size distributions was observed for single-stage UHPH of
warmed milk (Thiebaud et al., 2003), and model oil-in-water emulsions
(Floury et al., 2000) at 300 MPa. The formation of large particles was
attributed to unfolding and aggregation of whey proteins of the newly created
droplets. In our case, two-stage UHPH-treated milk samples at 300 MPa
showed much broader size distributions. Confocal laser scanning microscopy
of rennet gels revealed that this phenomenon was due to the aggregation
of well-defined small fat globules within dense proteinaceous structures

(Figs. II.1.1.g & h).

Milk samples UHPH-treated below 200 MPa showed similar gel strength
compared with homogenised-pasteurised milk. In fact, the protein matrices of
the rennet gels observed by confocal microscopy were very similar to those of
homogenised-pasteurised gels; that is, thick and lumpy strands giving a rough
texture to the matrix (Figs. II.1.1.a & b). However, their coagulation times
were lower than those of homogenised-pasteurised milk samples. This decrease
could be attributed to the lower pH of UHPH-treated milk samples, which

would enhance chymosin performance. At these pressures, the temperature
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during processing never exceeded 60 °C. Thus, the decrease in pH could be
attributed to the action of residual indigenous lipoprotein lipase after UHPH
treatment. Treatment with UHPH increased the interfacial fat surface by
decreasing the average size of particles, which would lead to a greater potential

for lipolysis to occur (Hayes & Kelly, 2003a; Hayes et al., 2005).

Mineral equilibrium in milk is very dependent on physicochemical parameters;
that is, pH and temperature. The distribution of ions between the different
fractions of milk (diffusible and non-diffusible) is defined by the balance
between these factors. The pH of milk samples treated at 100 MPa, especially
with T; of 30 °C, could be, to some extent, responsible for the higher amounts
of minerals in their whey. As pH decreases, the acido-basic groups of milk
constituents become more protonated; hence, micellar calcium phosphate and
the small amount of magnesium associated to casein micelles are dissolved

(Gaucheron, 2005).

Single-stage UHPH above 200 MPa produced the smallest particles with the
narrowest distributions, except for 300 MPa with T; of 40 °C. A further
reduction of fat globule size and the increase in interfacial fat surface would
lead to a higher adsorption of casein and whey proteins to the newly formed fat
globules. Sandra and Dalgleish (2005) reported a decreased micelle average
size in skimmed milk by increasing UHPH pressure. They suggested that
UHPH would not cause complete disruption of the casein micelles but rather
dissociate parts of their surfaces. The obtained particle distributions
corroborated that casein micelle fragments, rather than intact casein micelles,
would surround fat globules (Hayes et al., 2005). Thus, very small fat globules
would behave as casein micelles rather than embedded fat globules observed in
normal homogenisation or lower UHPH pressures. Such structures could
enhance gel firmness and rate of aggregation by increasing the amount of
particle associations; hence, leading to the higher RCF and CF values observed
for milk UHPH-treated at 200 and 300 MPa. Confocal micrographs of rennet
milk samples treated at 200 and 300 MPa showed lower levels of Nile red

fluorescence at the level of the proteinaceous network (Figs. II.1.1.c & d). This
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could be explained by the fact that more than 50% of their particles were
beyond the resolution threshold (0.23 pm pixel ).

In early studies on UHPH, no denaturation of whey proteins was reported
(Hayes and Kelly, 2003a; Sandra & Dalgleish, 2005). However, the
temperature of the process in these studies never exceeded 55 °C. Our
temperature values during UHPH treatments were much higher (from ~55 to
95 °C), presumably because of different experimental designs, i.e., a much
higher flow rate and relatively larger volumes of milk being processed. If only
heat effect is considered, at ~65 °C, whey proteins start to denature and interact
with casein micelles (Singh, 1993). However, in UHPH, simultaneous heating
and homogenisation processes exist. In fact, Hayes et al. (2005), treating
warmed milk up to 250 MPa that reached 83.6 °C, suggested that the physical
forces experienced by whole milk during UHPH also denatured B-LG. Our
results showed that the amount of denatured B-LG was much greater (17%) for
UHPH-treated at 200 MPa with T; of 30 °C, which reached approximately
75 °C for a very short time (~0.7 s), than for pasteurised milk at 72 °C for 15 s.
Such results corroborate the idea that not only heat but also homogenisation
forces induce the denaturation of whey proteins. Increasing the pressure led to
higher recovery of N in curd with lower levels of residual B-LG and a-LA in

the whey.

As previously mentioned, both the pH of the milk and the temperature reached
during the treatment affected the mineral equilibrium. Moreover, UHPH
produces partial disruption of casein micelles (Sandra & Dalgleish, 2005) that
could lead to a transfer of calcium and inorganic phosphate from the micellar
to the diffusible fraction. The balance between these factors could explain the
differences observed between the treatments at 200 and 300 MPa. The fact that
whey from milk treated at 200 MPa (T; of 30 °C) showed higher amounts of
calcium than whey from homogenised-pasteurised milk could be explained by
both the release due to disruption of casein micelles and its slightly lower pH
value. In contrast, the amount of minerals in whey from milk UHPH-treated at

300 MPa, especially with T; of 40 °C, which was lower than those of the other
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treatments, suggests a mineral transfer from soluble to colloidal phase due to

heat during UHPH treatment.

As pressure was increased, the RCT of milk samples was prolonged. The
differences between RCT at 200 and 300 MPa could be explained by the
relative effect of the following factors: 1) the spreading of k-casein; that is,
higher availability and lower critical level for chymosin action; 2) denaturation
of B-LG; that is, steric hindrance; 3) the pH of milk; and 4) changes in the

concentration of calcium between soluble and colloidal phases.

Increasing UHPH pressure led to a lower recovery of N with lower levels of
residual B-LG and a-LA in whey, and higher TS yield and moisture content of
curds. The observed differences between treatments could be explained by
variations in 1) the association of denatured whey proteins to the surface of
casein micelles, 2) the reduction of fat globule size, 3) the incorporation of
denatured whey proteins and casein micelle fragments at the fat globule
membrane, and 4) the microstructure of the resulting gels. The association of
whey proteins at the micelle surface by heat sterically impedes the fusion of
rennet-altered micelles resulting in less shrinkage of the paracasein network
(Singh & Waungana, 2001). Moreover, the incorporation of denatured whey
proteins into the gel matrix increases the water-binding capacity of the
paracasein-whey network (Singh & Waungana, 2001). The reduction of fat
globule size implies a dispersion of fat into an increased number of smaller
globules. The newly built surfaces are modified by the presence of adhering
casein particles and become part of the paracasein network, thus hindering
shrinkage of the network (Walstra et al., 1985). The water-holding capacity of
curds is directly linked to the microstructure of the gels; that is, porosity or
permeability (Green et al., 1983; Walstra et al., 1985; Lucey et al., 2001).
Green et al. (1983) observed that curds from conventionally homogenised milk
had a less coarse protein network, which retained moisture more effectively
than curds from non-homogenised milk samples. Greater firmness, attributed to
greater protein content and cross-linking of casein by denatured whey proteins,

leads to higher volume of the network relative to that of the interstices, and
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thus a reduction of the relative ease of movement of the strands in the protein

network (Green et al., 1983; Lucey et al., 2001).

As already stated, two-stage UHPH above 200 MPa led to greater average
particle size and higher heterogeneity than single-stage treatments. The
obtained rennet gels showed similar firmness to those of homogenised-
pasteurised and 100 MPa UHPH-treated milk samples. Confocal microscopy
revealed a higher number of fat globules embedded within the proteinaceous
matrix giving a rougher texture to the gels than in single-stage UHPH
(Figs. II.1.1.e & f). These results corroborate the hypothesis that 1) embedded
fat globules, which lead to thicker strands and a concomitant coarser matrix,
are responsible for weaker gels, and 2) the presence of very small fat globules

behaving as casein micelles results in stronger rennet gels.

1.5. Conclusions

The results of this study show that UHPH treatment of milk reduced fat globule
size, increased the wet yield of curd and its moisture content, and decreased the
protein content of whey. The rennet coagulation properties were enhanced by
single-stage UHPH at 200 and 300 MPa. However, taking curd firmness into
account, the application of a secondary stage produced weaker gels similar to
those obtained by conventional homogenisation-pasteurisation. The improvement
of cheese-making properties of milk by UHPH could be attributed to the
combined effect of homogenisation (i.e., reduction of particle size) and heat

(i.e., denaturation of whey proteins) on the protein-fat structures of the milk.
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Section I, Chapter 2

Effect of fat content and homogenisation
under conventional or ultra-high-pressure conditions

on interactions between proteins in rennet curds

Interactions between proteins within drained rennet curds were studied by measuring the
dissociating capacity of different chemical agents as affected by two factors: fat content of
milk (0.0, 1.8 or 3.6%) and technological treatment (conventional or ultra-high pressure
homogenisation, UHPH). Increasing fat content of raw milk increased levels of unbound
whey proteins and calcium-bonded caseins in curds; in contrast, hydrophobic interactions
and hydrogen bonds were inhibited. Both homogenisation treatments enhanced the
incorporation of unbound whey proteins in the curd, and of caseins through ionic bonds
involving calcium salts; however, UHPH increased the amount of unbound caseins.
Conventional homogenisation-pasteurisation also enhanced interactions between caseins
through hydrogen bonds and hydrophobic interactions; in contrast, UHPH impaired
hydrogen bonding, and led to the incorporation of both whey proteins and caseins through
hydrophobic interactions. Both homogenisation treatments provoked changes in the
protein interactions within rennet curds; however, the nature of the changes depended on
the homogenisation conditions.







2. Effect of fat content and homogenisation under conventional or ultra-

high-pressure conditions on interactions between proteins in rennet curds

2.1. Introduction

Homogenisation of milk reduces the size of fat globules and increases the
moisture content of cheese and cheese yield, due to increased fat recovery
(Peters, 1956; Jana & Upadhyay, 1992). However, homogenisation also affects
protein structure and causes casein micelles and whey proteins to become
associated with the fat globule membrane (Michalski et al., 2002). These
interactions between fat and proteins lead to lower curd firmness during rennet
coagulation, curd shattering during cutting, and improper curd matting (Peters,
1956; Green et al., 1983; Jana & Upadhyay, 1992). It has been reported that
UHPH also affects the coagulation properties of milk; however, conflicting
results have been obtained depending on both the applied pressure and the milk
fat content (see Section I Chapter 2). In general single-stage UHPH enhances
rennet coagulation properties by increasing the rate of curd-firming resulting in
a concomitant increase of gel strength (Hayes & Kelly, 2003; Sandra &
Dalgleish, 2007; Lodaite et al., 2009; see Section II Chapter 1). The improvement
of cheese-making properties of milk by UHPH has been attributed to the
combined effect of homogenisation (i.e., reduction of particle size) and heat
(i.e., denaturation of whey proteins) on the protein-fat structures of the milk

(see Section II Chapter 1).

One strategy for understanding the interactions between proteins within cheese
curd involves using different chemical dissociating agents which disrupt
specific types of bond or interaction (Lefebvre-Cases et al., 1998). For
example, hydrophobic interactions and hydrogen bonds can be disrupted by
sodium dodecyl sulfate (SDS) and urea, respectively, while ionic bonds
involving calcium salts are broken by the chelating effect of ethylenediamine-
tetraacetic acid (EDTA). The amount of proteins dissociated by dispersing
curds in the presence of the appropriate agent, followed by ultracentrifugation,
indicates the action of the agent on the network, and thus the presence and

relative importance of specific interactions. Subsequent identification of
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dissociated proteins by electrophoresis can identify which proteins are involved

in each type of interaction.

The aim of the current study was thus to identify the differences in the protein-
protein interactions in curds from conventionally homogenised-pasteurised and
UHPH-treated milk, with different fat contents, compared to those produced

from raw milk.

2.2.  Material and methods

2.2.1. Milk supply and treatments

Raw whole milk was obtained from a local dairy farm and skimmed at pilot-
scale (final fat content of 0.05% + 0.01 w/v); fat contents were determined
using a Milkoscan FT 120 (IDF, 2000; Foss Electric, Hilerod, Denmark).
Skimmed and whole milk were then mixed for standardisation to fat contents
of 1.8 + 0.1% w/v and 3.6 = 0.1% w/v. Conventional treatment consisted of
two-stage homogenisation at 60 °C (15 MPa first stage, 3 MPa second stage;
Model APV 1000, APV homogenisers AS, Albertslund, Denmark) followed by
batch pasteurisation (63 °C for 30 min). UHPH treatment was done by a single-
stage process at 300 MPa (nm-Gen 7400 H model, Stansted Fluid Power Ltd.,
Harlow, UK) at an inlet temperature of 30 °C. Milk samples were immediately
cooled to 4 °C in iced water. Skimmed and standardised raw milk samples were

also collected for further analysis.

2.2.2. Particle size distribution of milk samples

The particle size distribution in milk samples was determined by light-
scattering using a Mastersizer model S (Malvern Instruments, Malvern, UK),
equipped with a 3000F (reverse Fourier) lens and a He-Ne laser (A of 633 nm).
Milk samples were diluted in deionised water by stirring in a sample-dispersion
unit. The polydisperse optical model was applied by using the following
conditions: real refractive index of 1.46, refractive index of fluid (water) of
1.33, and imaginary refractive index of 0.00. Volume- [D(4,3)] and surface-

[D(3,2)] weighted mean diameters were determined.
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2.2.3. Sample preparation

Milk samples were warmed to 32 °C and recombinant chymosin (180 International
Milk Clotting Units mL!, Maxiren 180, DSM Food Specialties, Seclin Cedex,
France) was added at 0.074% (v/v). After coagulation at 32 °C for 30 min,
curds were cut and centrifuged at 1,500 x g for 15 min at 20 °C (Beckman J2-
21 with rotor JA-14, Beckman Instruments France S.A., Gagny, France) and
pellets were recovered, after decanting whey, for yield estimation and for

further analysis.

2.2.4. Composition analysis of curds

Protein and fat content of drained curds were determined in triplicate using the
Kjeldahl method (IDF, 1993) and the van Gulik method (ISO, 1975),
respectively. Curds were analysed in triplicate for total solids (TS; IDF, 2004)
to calculate their moisture content (100 — TS) and express protein and fat
content on a dry basis. Estimated yield of curds on wet basis, expressed as
grams of curd recovered per 100 g milk, was determined by weighing the curds

obtained (Daviau et al., 2000).

2.2.5. Dissociation tests

Protein-protein interactions in drained curds were studied following a
modification of the method of Lefebvre-Cases et al. (1998). Samples of drained
curds (10 g) were dispersed in 40 mL of aqueous dissociating solutions
containing either 2 mM EDTA (pH 10.0), 1% (w/v) SDS, or 6 M urea. For a
control sample, curds were mixed with MilliQ water. Mixtures of curds and
dissociating agent were dispersed for 1 min at 9000 rpm (Ultra-Turrax T 25,
Janke and Kunkel, IKA Labortechnik, Staufen, Germany), and the resulting
mixtures were ultracentrifuged at 86,000 x g for 40 min at 20 °C (Beckman
Optima LE-80K with rotor Type 50.2 Ti).

Immediately after ultracentrifugation, supernatants were analysed for total
protein using a modified version of the method of Lowry et al. (1951).
Supernatants were diluted in MilliQ water [25% (v/v) for dissociation in

MilliQ water or EDTA or 2.5% (v/v) for dissociation in SDS or urea]. Diluted
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samples (200 pL) were mixed with 2.1 mL of Lowry Reagent D (1:1:98
mixture of 1% (w/v) copper sulphate, 1% (w/v) sodium potassium tartrate, and
2% (w/v) sodium carbonate in 0.1 M NaOH). After 10 min at room
temperature, Folin-Ciocalteu’s phenol reagent (250 mL of a 1:1 dilution with
MilliQ water) was added and colour development was allowed to proceed for
30 min at room temperature. The absorbance at 750 nm was then measured
with a spectrophotometer (model Cary 300 Bio, Varian Inc., Palo Alto, CA,
USA), and the protein content quantified using a standard curve of bovine
serum albumin (BSA) standards in the range 0-1 mg protein mL™. All

chemicals were purchased from Sigma-Aldrich Chemie (Steinheim, Germany).

Both qualitative and quantification analysis of the main proteins extracted were
carried out by SDS-PAGE analysis under reducing conditions using separating
and stacking gels containing 14% or 4% acrylamide, respectively. Supernatants
mixed with double-strength reducing buffer (Laemmli, 1970) were loaded onto
the gels (20 pL for MilliQ water and EDTA, or 3 puL for SDS and urea)
together with BSA standard (10 pg) and a wide-range molecular weight marker
(from 6.5 to 205 kDa; M4038, Sigma-Aldrich). Gels were run at 200 V, stained
using 0.1% (w/v) Coomassie Brilliant Blue R250 in a 5:1:4 mixture of
methanol, acetic acid and distilled water, and destained in two steps with 5:1:4
and 7:5:88 mixtures of methanol, acetic acid and distilled water, respectively.
Destained gels were scanned using a calibrated BioRad GS800 densitometer

(BioRad Laboratories, Hercules, CA, USA).

2.2.6. Statistical analysis

For each type of homogenisation, the complete experiment was repeated on 3
independent occasions. Data were processed by multifactor analysis of
variance (ANOVA) using the general linear models procedure of Statgraphics
(Statgraphics Inc., Chicago, IL, USA), taking into account both treatment and
production factors as well as their interaction. LSD test was used for
comparison of sample data, and evaluations were based on a significance level

of P <0.05.
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2.3. Results and discussion

2.3.1. Particle size distribution of milk samples

Both homogenisation treatments significantly decreased D(4,3) values
compared to raw milk (Table II.2.1); conventional homogenisation-pasteurisation
resulted in significantly lower values than UHPH and the effect of the former
was independent of the level of fat. However, in the case of UHPH, 3.6% fat
milk samples had significantly higher values than UHPH-treated milk samples
with 0.0% or 1.8% fat. No significant differences in D(3,2) values were found
between 0.0% fat milk samples subjected to different treatments. When fat was
present, both homogenisation treatments decreased D(3,2), and UHPH yielded
significantly lower values than conventional homogenisation-pasteurisation.
Conventionally homogenised-pasteurised milk showed a monomodal distribution
of sizes, ranging from 0.05 to 3.0 pm, with a peak at ~0.2 um. For UHPH-
treated milk samples, the observed distributions were bimodal; the principal
peak was also at ~0.2 um, but the particles ranged from 0.05 to 1.0 um. The
smallest particles (<0.1 pum) were more abundant in UHPH-treated milk than
conventionally homogenised-pasteurised milk. A second peak of particles, of
diameters from 2.0 to 5.0 um, was observed, but represented less than 5% of
the total particles. Such results are broadly in accordance with previous studies

(Hayes and Kelly, 2003; see Section II Chapter 1).

2.1.1. Estimated yield, and moisture, fat and protein contents of curds

When fat was present, both homogenisation treatments significantly increased
estimated curd yield on wet basis compared to that obtained from raw milk
(Table II1.2.1). However, the effect of UHPH was greater than that of
conventional homogenisation-pasteurisation. The increases for 3.6 and 1.8%
fat milk samples were 51 and 54% for UHPH-treated milk samples and 19 and
23% for conventionally homogenised-pasteurised milk samples, respectively.
Higher estimated yields could be explained by higher moisture content, higher
recovery of fat and/or the incorporation of whey proteins into the curds (see

Section II Chapter 1).
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Table I1.2.1. Volume [D(4,3)] and surface [D(3,2)] weighted mean diameters of particles in milk and wet yield, moisture content, and fat and protein contents on

a dry basis of drained curds.

Treatment' D4,3) D@3,2) Wet yield Moisture content Fat content Protein content
(nm) (nm) (g curd 100 g” milk) (2100 g curd) (2100 g TS) (2100 g TS)
0.0-R 944 + 136 ¢ 211 +8°F 1838 +£0.16 ¢ 79.38 £ 0.17 ¢ 4.41+0.69 ¢ 65.47 +1.92°
0.0-H 139 +95°F 212+ 6°f 21.02+1.06°¢ 80.73+£0.21° 778 +0.79 1 59.16 + 1.83°
0.0-U 684 + 58°¢ 185+2° 21.62+1.18¢ 81.15+035¢ 4.46 +0.05 ¢ 60.99 = 1.00°
1.8-R 3,176 £ 63° 634+ 11° 2595+ 037 ¢ 7720+ 0.19° 32.38+0.70 ¢ 4376 £ 0.88 °
1.8-H 212 +23° 259 +£24 31.87+1.52°¢ 79.55 + 0.34 ¢ 35.02+1.31°¢ 4029 +1.18¢

1.8-U 605 +22°¢ 191 +2°F 39.99 +1.22° 83.12+0.24% 2034 +0.74°¢ 42.15+0.87 4
3.6-R 3,614 +75° 913+ 162 3457+ 1.76°¢ 75.83 +0.22 47.61 +128° 31.83+0.66 ¢
3.6-H 302+ 12°F 310+ 4°¢ 41.15+0.62° 78.56 + 0.16 ¢ 4578 +137° 29.59 + 0.67 ¢
3.6-U 1,277 + 152°¢ 220+ 12°¢ 5232+£230% 82.26+0.27° 42.55+0.63° 32.61 £1.00°¢

*€ Mean value =+ standard error; n = 6 for R, n=3 for H and U (estimated yield) or n=18 for R, n=9 for H and U (others); values without common superscripts were significantly different (P < 0.05).

10.0, 1.8 and 3.6 represents the milk fat content; R stands for raw, H for conventional homogenisation-pasteurisation and U for ultra-high pressure homogenisation.

Table I1.2.2. Effect of dissociating agent on protein content of supernatants (g supernatant protein 100 g curd protein).

Treatment' MilliQ water EDTA Urea SDS

0.0-R 8.00+ 037" 874 +0.16°¢ 81.52+2.82° 98.53 + 4.25 ¢
0.0-H 939+024° 11.36 £ 0.27 ¢ 87.70 £ 1.41% 104.13 + 1.22 >ed
0.0-U 822+024F 10.16 + 0.27 ¢ 83.29 +1.89 *® 116.57 £ 4.18 2
1.8-R 9.70 + 0.16 11.64 £0.16 ¢ 69.11 +1.12 ¢4 97.08 + 1.40 ¢
1.8-H 12.54 + 0.60 1538 +0.77° 86.55 +2.75*° 109.12 + 532 *°
1.8-U 11.71 £0.25 ¢ 15.77 £ 0.34° 68.15 + 1.14 ¢4 106.08 + 3.17 >°
3.6-R 12.61 £0.35°¢ 15.75+0.33° 65.96 +2.27¢ 99.02 + 2.33 ¢4
3.6-H 16.28 + 0.37*° 19.58 + 0.69 73.41 +1.60° 107.55 + 1.96 *°
3.6-U 14.26 + 0.30° 19.50 + (.87 * 4925 +2.11°¢ 83.03 +£2.18°¢

*f Mean value =+ standard error; n= 18 for R, n=9 for H and U; values without common superscripts were significantly different (P < 0.05).

'0.0, 1.8 and 3.6 represent the milk fat content; R stands for raw, H for conventional homogenisation-pasteurisation and U for ultra-high

pressure homogenisation.
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As milk fat content increased, both homogenisation treatments increased the
moisture content of curds, by 2-4% for conventionally homogenised-
pasteurised milk, and by up to 9% for UHPH-treated milk (Table I1.2.1).
Impaired whey drainage in curds made from homogenised milk has been
previously reported (Humbert et al., 1980; Green et al., 1983; Ghosh et al.,
1994; see Section II Chapter 1). The water-holding capacity of curds is directly

linked to the microstructure of the gels, i.e., porosity or permeability (Walstra
et al., 1985). Native fat globules act as fillers in the interstices of the network
(Lopez & Dufour, 2001), thus reducing the volume of water. The effects of
homogenisation on the moisture content of the curd have been attributed to the
incorporation of denatured whey proteins and the alteration in the protein-fat

structure of the curd (Green et al., 1983; M¢étais et al., 2006; see Section II

Chapter 1).

As expected, the recovery of fat in the curd was significantly higher with
increasing fat level in milk (Table II.2.1). Conventional homogenisation-
pasteurisation significantly increased the fat content of curds made from 0.0%
and 1.8% fat milk. An increase in fat in dry matter content in cheese made
using homogenised milk and cream has been reported (Jana & Upadhyay,
1992; Metzger & Mistry, 1994). In contrast, UHPH decreased the recovery of
fat, particularly for 3.6% and 1.8% fat milk. Lanciotti et al. (2006) reported that
Caciotta cheeses made from milk high-pressure-homogenised at < 100 MPa
had lower fat content than those made from raw milk. Losses of fat might be

due to very small fat globules which are not retained within the curd.

The protein content of curds on a dry basis did not significantly differ between
treatments; increasing the fat content of milk from 0.0% to 3.6% resulted in
very large differences in protein content, thus hiding the small effect of the
treatments (Table I1.2.1). However, both homogenisation treatments decreased
the protein content of curds, except in the case of UHPH-treated 3.6% fat milk.
UHPH has been proven to reduce the amount of B-lactoglobulin (B-LG) and, to

a lesser extent a-lactalbumin (a-LA), in whey, by incorporation of these

proteins into the curd (see Section I Chapter 1).
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Table I1.2.3. Levels of proteins in supernatants of curds dissociated by MilliQ water (g dissociated protein 100 g supernatant protein).

Treatment' BSA a,-CN pB-CN K-CN B-LG Para k-CN a-LA v2-173-CN
0.0-R 1.29 +0.09 ° 0.94 +0.08 ¢ 1.33 £0.27°¢ 1.10+0.11°¢ 19.83 £2.10°¢ - 725+ 0.89 ¢ -
0.0-H 1.30 + 0.06 ° 1.13+£0.14 ¢ 1.72 + 0.87 *>¢ 1.34+0.10°%¢ 2090+ 2.16 ° - 7.45 +0.65 ¢ -
0.0-U 1.36 + 0.06 *° 1.14 £ 0.13 °° 1.67 + 0.29 *>¢ 123+£0.10%  2324+421° - 8.24 + 1.55 >4 -
1.8-R 1.47 +0.06° 1.01£0.10°¢ 1.27 £ 0.23 "¢ 1294010 2347+182° - 8.20 + 0.52 -
1.8-H 1.45 +0.07 *° 1.18 £ 0.14 ¢ 133+137° 1.44 £0.10 %> 23.82 +2.69*° - 9.19 £ 1.15°¢ -
1.8-U 1.50+0.11° 1.40 +0.14 *° 135+037° 1.52+0.14° 24.47 £ 4.19 % - 1136 +1.47% -
3.6-R 1.52+0.07° 1.06 £0.10 ¢ 124+020° 1.40 £0.12%%¢ 2436 +2.24*° - 8.75 + 0.68 >° -
3.6-H 1.50+0.12° 1.14 £ 0.14 °° 2.03+1.10%° 136 £0.14 >4 2327 +2.75° - 9.45+1.68° -
3.6-U 1.50 = 0.04 * 1.52+£0.25° 1.90 + 0.28 *°¢ 1.50 £0.05*  25.15+429° - 11.56 £1.24% -

¢ Mean value =+ standard error; n= 6 for R, n= 3 for H and U; values without common superscripts were significantly different (P < 0.05).
'0.0, 1.8 and 3.6 represent the milk fat content; R stands for raw, H for conventional homogenisation-pasteurisation and U for ultra-high pressure homogenisation.
Table I1.2.4. Levels of proteins in supernatants of curds dissociated by EDTA (g dissociated protein 100 g'1 supernatant protein).

Treatment' BSA 0,-CN pB-CN k-CN B-LG Para k-CN a-LA v2-/v3-CN
0.0-R 1.16 £ 0.08 ° 3.15+0.73 4 524 +1.74°¢ 1.45+0.08° 18.01 + 1.74 ¢ 1.25+0.06* 6.80 +0.70 *° -
0.0-H 124 +0.12 ** 4.14 + 1.05°° 6.02 £ 3.66° 1.50 £0.14° 17.74 £ 1.92 ¢4 139+0.12° 6.52 + 0.64 “¢ -
0.0-U 1.26 + 0.04 *° 423 +0.70 °° 6.76 £ 1.24° 1.62+0.14° 19.77 £ 3.38 2 1.32+0.14° 730+135° -
1.8-R 1.31+0.07° 2.53+0.65¢ 3.66 + 1.37 ¢ 1.50 £0.12° 19.02 + 1.65 *P 1.05 +0.10 >¢ 6.33 £0.59 °¢ -
1.8-H 1.22 +0.08 *° 456+ 0.75° 6.26 + 3.68° 1.58 +£0.18° 17.41 + 2.69 4 1.30 + 0.09 5.90 + 0.90 >4 -
1.8-U 1.23 +£0.03 *° 6.43 +1.38° 11.15+1.97° 1.53+0.12° 17.58 + 3.04 4 1.22+0.16 *° 6.77 + 1.32*° -
3.6-R 1.22 +0.06 *° 2.82+0.47¢ 2.85+1.14¢ 149 +0.11° 16.94 + 1.48 ¢ 0.95+0.07°¢ 5.07 +0.54¢ -
3.6-H 1.24+0.11* 437+1.25° 5.48 +3.24°¢ 1.53+0.18"° 1531 +1.57°¢ 1.05 + 0.07 ™€ 4.06+0.50° -
3.6-U 1.14+0.05° 738+ 1.01° 1031 +£1.51° 140 £0.13° 1459 £2.52°¢ 1.23+0.16° 5.44 +1.00 -

#¢ Mean value =+ standard error; n= 6 for R, n= 3 for H and U; values without common superscripts were significantly different (P < 0.05).

10.0, 1.8 and 3.6 represent the milk fat content; R stands for raw, H for conventional homogenisation-pasteurisation and U for ultra-high pressure homogenisation.
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2.1.2. Dissociation of proteins from curd

The rates of dissociation of protein from curd depended markedly on the
dissociating agent used (Table 11.2.2). The amount of protein extracted with
MilliQ water, i.e., unbound proteins, was in the range of 8-16% of the protein
content of the curds. These results were similar to those reported for rennet
gels (Lefebvre-Cases et al., 1998); no differences in the distribution of the
stabilising bonds have been found between rennet-induced gels and cheese
grains (Hinrichs & Keim, 2007). The main unbound proteins were identified
as the whey proteins B-LG and o-LA (Figs. I1.2.1 and 2; Table I1.2.3); no
para k-casein (CN) or y,-/y3-CN were detected. These results suggest that
mechanical disruption of the network on mascerating in water released the
whey entrapped in the curd. Increasing the milk fat content led to significantly
higher proportions of whey proteins released into the supernatant. The presence
of native fat globules may increase the amount of solids susceptible to creation
of weak interactions that can be mechanically disrupted. When fat was present,
both homogenisation treatments increased the dissociation of curd proteins.
The homogenisation of fat globules results in a higher number of small
particles which would increase the degree of interactions. The proportion of
unbound o-LA in curds made from UHPH-treated milk was significantly
higher than those from non-treated and conventionally homogenised-
pasteurised milk. As previously mentioned, UHPH increased the moisture
content of curds; in other words, more whey entrapped in the curd. To a lesser
extent, caseins, i.e., as-CN and B-CN, were also affected. This fact could be
explained because homogenisation, especially UHPH, may cause partial
disintegration of the casein micelles (Sandra & Dalgleish, 2005; Roach &
Harte, 2008).

EDTA, as a chelating agent, disrupts ionic bonds of proteins involving calcium
salts, but reports on its dissociation capacity in the literature differ
significantly. Lefebvre-Cases et al. (1998) obtained 76% dissociation of protein
from rennet gels with 2 mM EDTA, but did not refer to pH adjustment when
preparing the chemical agent. Gagnaire et al. (2002) subsequently showed that
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Table I1.2.5. Levels of proteins in supernatants of curds dissociated by urea (g dissociated protein 100 g™ supernatant protein).

Treatment' BSA a,-CN pB-CN K-CN B-LG Para k-CN a-LA v2-173-CN
0.0-R 0.66 +0.07 2598 +191° 37.63+£220°¢ 3.39+0.26° 1.97 £0.20 ¢ 16.08 £ 1.42° 1.24 £0.08 ¢ 443 +0.67°
0.0-H 0.79+0.10%° 2723 +2.58°f 36.89 +2.62° 243+0.54°¢ 1.83+0.19¢ 14.93 £ 1.13* 1.29 +£0.15%¢ 3.15+0.43°°
0.0-U 0.74 +0.10 26.63+186ef 3890+ 145°¢ 2.53+0.18°¢ 1.97 £0.24d 12.23 £1.81°¢ 1.16 £0.11° 3.46 +0.12 *°
1.8-R 0.97 £0.07%  31.41+2.04¢ 47.24 + 4.16 °¢ 2.15+0.12°¢ 230+0.15¢ 8.94+1.02¢ 1.67 £ 0.16 ¢ 231+0.16°¢
1.8-H 1.03+0.18¢ 30.86 +3.88 % 44.11 + 4.35%%¢ 1.99£0.16°¢ 2.38 +0.36 10.71 + 1.33 ¢¢ 1.57 £ 0.22°%¢ 2.11+£029°¢
1.8-U 1.58 +0.08 " 41.04 +1.96° 54.47 +3.60 *P 2.63+0.17°¢ 429+0.85° 10.35 +0.71 ¢¢ 220+021° 2.57£0.18°¢
3.6-R 133+0.10°¢ 37.04 £2.13°¢ 49.90 + 2.68 °* 251+0.14° 3.08+022° 479 +0.70 ¢ 2.00+0.12°5¢ 2.57+£0.14°¢
3.6-H 1.35+0.22°¢ 33.67 +4.87% 42,14 +3.539¢ 211+£031°¢ 2.96 +0.37°° 320+ 041°¢ 2.05+0.32°¢ 220+0.39°¢
3.6-U 249+0.12° 49.85 +3.42° 57.25+539% 3.32+0.17%° 4.83+0.66° 4.61+038° 335+044° 3.54+£0.17 %

*f Mean value + standard error; n= 6 for R, n =3 for H and U; values without common superscripts were significantly different (P < 0.05).
10.0, 1.8 and 3.6 represent the milk fat content; R stands for raw, H for conventional homogenisation-pasteurisation and U for ultra-high pressure homogenisation.
Table I1.2.6. Levels of proteins in supernatants of curds dissociated by SDS (g dissociated protein 100 g”' supernatant protein).

Treatment' BSA a,-CN p-CN k-CN B-LG Para k-CN a-LA v2-/73-CN
0.0-R 0.54+0.03 " 2280+ 1.61¢ 2724 +123° 271 +032° 1.51+0.11°¢ 14.12 £ 1.01 % 0.91 £0.07°¢ 2.05 + 0.25 bed
0.0-H 0.66 + 0.10 26.05+2.01°¢ 34.29 + 2,38 %¢ 2.80 +0.28° 1.76 + 0.17 %¢ 16.72 £ 0.41° 1.06 + 0.10 ¢ 2.50 £ 0.40°
0.0-U 0.58+0.06 " 22.25+0.86 ¢ 30.56 + 0.85 " 3.58£0.50° 2.14+0.19%%¢  12.90+0.29° 0.87 £ 0.07 ¢ 3.06+0.52°
1.8-R 0.73 +0.05 ¢ 2691 +125°¢ 36.74 + 1.31 ¢ 2.14+036° 1.75 £ 0.12 9¢ 14.08 + 0.92 *P 1.11 £0.07 ¢ 1.77 £ 0.27 %4
1.8-H 0.85+0.18 %4 29.13 +2.08 °° 39.73 +2.30 ¢ 221+0.11°5 216 £0.18%% 1541 +1.05*° 133+£0.11°¢ 2.08 + 0.14 ®ed
1.8-U 1.08 +0.09 " 31.03+1.72° 42.99 +2.26° 1.96+0.23°¢ 4.63+0.74° 13.41 £ 0.36 > 144 +£0.14°¢ 1.66 +0.19 ¢
3.6-R 0.98 + 0.08 °° 3159+ 1.61° 42.82+2.77° 220+0.12°¢ 229 +0.23 % 13.77 £ 1.62*° 142+0.12°¢ 1.79 + 0.15 %4
3.6-H 1.10+0.19° 3223 +3.11° 4130+3.41° 2.35+0.08 ¢ 2.79+0.29°¢ 13.62 £ 1.65*° 1.69 +£0.25° 2.08 +0.32 ¢
3.6-U 1.66+0.14° 40.09 + 1.57° 52.69 £3.23% 2.36+0.22°5 5.96+1.06° 12.65+1.86° 234+0.05° 220+0.11°¢

*fMean value +standard error; n= 6 for R, n=3 for H and U; values without common superscripts were significantly different (P < 0.05).

10.0, 1.8 and 3.6 represent the milk fat content; R stands for raw, H for conventional homogenisation-pasteurisation and U for ultra-high pressure homogenisation.
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the rate of dissociation varied depending on EDTA concentration at pH 8.0; for
2 mM EDTA, the amount of calcium present in the supernatant was similar to
that found without EDTA, and no casein was released. In a recent study,
Alessi et al. (2007) evaluated the interactions in rennet gels obtained from
reconstituted skim milk prepared at two different temperatures (25 or 38 °C),
and reported that the amount of protein dissociated by 2 mM EDTA varied
widely; increasing temperature decreased dissociation down to the value
obtained without EDTA. The results of the present study showed that the
presence of EDTA slightly increased the amount of protein extracted compared
to MilliQ water alone (Table I1.2.2). The main proteins involved were caseins
and their hydrolysis products (Figs. I1.2.1 and 2; Table 11.2.4). Calcium
bonding is thus, to some degree, responsible for casein retention within the
curd. Increasing the milk fat content significantly increased the dissociation
rates obtained with EDTA. None of the identified proteins seemed to be
particularly involved in the increase as, in general, their proportions in the
supernatants did not vary significantly. Independent of the fat content of milk,
both homogenisation treatments enhanced the dissociation of curd proteins,
1.e., 0,-CN and B-CN. Calcium bonding could be enhanced by a rearrangement
of the mineral balance in milk; UHPH at 300 MPa induces a transfer of

minerals from the soluble to the micellar fraction (see Section II Chapter 1).

Urea disrupts hydrogen bonds by denaturing proteins through establishing
strong hydrogen bonds with polypeptide groups of proteins. In agreement with
previous results (Lefebvre-Cases et al., 1998; Gagnaire et al., 2002), a much
higher release of protein occurred in the presence of urea (Table I1.2.2) than
with water or EDTA. The proteins involved were mainly caseins (Figs. 11.2.1
and 2; Table I1.2.5). However, the levels of dissociation varied depending on
the fat content of milk. Increasing milk fat content significantly decreased the
amount of protein dissociated by urea, suggesting that caseins are partly linked
through hydrogen bonds within the curd, which the presence of fat could
inhibit. The proportion of para k-CN in the supernatants significantly
decreased with increasing fat content. In model systems, native milk fat
globules are considered as non-interacting particles and act as an inert filler

(Métais et al., 2006). However, the inclusion of native fat globules in a drained
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Figure I1.2.1. SDS-PAGE electrophoretograms of supernatants obtained on dissociation of drained curds from conventionally homogenised milk [0.0%, 1.8% and
3.6% represent the milk fat content; R and H indicate raw and conventional homogenisation-pasteurisation; B and M are BSA standard and molecular weight markers: 205, 116,
97, 84, 66, 55, 45, 36 29, 24, 20, 14.2, and 6.5 kDa].
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curd would keep casein micelles apart, thus reducing the amount of para x-CN
linked through hydrogen bonds. Regardless of milk fat content, conventional
homogenisation-pasteurisation increased the dissociation of proteins; small fat
globules may not perturb the formation of the protein network (Lopez &
Dufour, 2001). However, UHPH either had no effect on the extent of
dissociation for curds prepared from 1.8% fat milk, while dissociation was
reduced for 3.6% fat milk. The incorporation of whey proteins, i.e., B-LG and
a-LA, into the curd, by means of other bonds, e.g., hydrophobic interactions,
would lead to greater difficulty in creating hydrogen bonds due to spatial

competition.

SDS breaks hydrophobic interactions by inducing intramolecular electrostatic
repulsions. In accordance with previous results (Lefebvre-Cases et al., 1998),
the use of SDS resulted in almost complete dissociation of the curd
(Table 1II.2.2), with no significant effect of fat level. However, both
homogenisation treatments significantly affected the dissociation of protein,
and the protein pattern differed depending on both the treatment and the
absence or presence of fat (Figs. I11.2.1 and 2; Table I1.2.6). In 0.0% fat
milk, conventional homogenisation-pasteurisation significantly increased the
proportion of dissociated caseins, i.e., a;-CN, B-CN, and «-CN; for UHPH-
treated skim milk, the proteins dissociated were mainly k-CN and 7,-/y3-CN.
When fat was present, only the proportion of o-LA was significantly
increased by conventional homogenisation-pasteurisation. In contrast, UHPH
significantly increased the level of dissociation of both whey proteins (BSA,
B-LG and a-LA), and caseins (as-CN and B-CN). Although in early studies on
UHPH no denaturation of whey proteins was reported (Hayes & Kelly, 2003;
Sandra & Dalgleish, 2005), these results support those obtained in the study on
rennet coagulation that UHPH and, to a lesser extent, conventional
homogenisation-pasteurisation caused the incorporation of denatured whey

proteins into the curd (see Section II Chapter 1).
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Figure 11.2.2. SDS-PAGE electrophoretograms of supernatants obtained on dissociation of drained curds from UHPH-treated milk [0.0%, 1.8% and 3.6% represent

the milk fat content; R and U indicate raw and ultra-high pressure homogenisation; B and M are BSA standard and molecular weight markers: 205, 116, 97, 84, 66, 55, 45, 36 29,
24,20, 14.2, and 6.5 kDa].
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2.4.  Conclusions

Increasing fat content of raw milk impaired hydrogen bonding between caseins
within drained curds. Both conventional homogenisation and UHPH increased
the amount of unbound whey proteins and calcium-bonded caseins in curds.
There were significant differences in extents of hydrogen bonding and
hydrophobic interactions in curds between the two treatments. Conventional
homogenisation-pasteurisation enhanced casein-casein interactions through
hydrogen bonds and hydrophobic interactions, and, when fat was present, the
incorporation of o-LA in the curd through hydrophobic interactions. In
contrast, UHPH impaired hydrogen bonding and favoured hydrophobic

interactions of whey proteins and caseins.
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Section 11, Chapter 3

Changes in the surface protein of the fat globules

during ultra-high pressure homogenisation of milk

Disruption of fat globules upon homogenisation provokes a reduction of their size and a
concomitant increase in their specific surface area. In order to overcome this phenomenon,
the milk fat globule membrane (MFGM) adsorbs non-native MFGM proteins. The aim of
the present study was to examine the effects of UHPH conditions (temperature and
pressure) on the milk fat globule and the surface proteins by comparison with conventional
treatments applied in the dairy industry. Transmission electron microscopy and SDS-
PAGE revealed major differences. In UHPH-treated milk, casein micelles were found to
be adsorbed on the MFGM in a lesser extent than in conventional homogenisation-
pasteurisation. However, greater adsorption of directly bonded casein molecules, released
by UHPH through the partial disruption of casein micelles, was observed especially at
high UHPH pressures. Adsorption of whey proteins on the MFGM of conventionally
homogenised-pasteurised milk was mainly through intermolecular disulfide bonds with
MFGM material, whereas in UHPH-treated milk, disulfide bonding with both indirectly
and directly absorbed casein molecules was also involved.







3. Changes in the surface protein of the fat globules during ultra-high

pressure homogenisation of milk

3.1. Introduction

Milk fat globules are surrounded by a membrane composed mainly of proteins,
phospholipids, glycoproteins, triglycerides, cholesterol and enzymes. This
membrane, which is known as the milk fat globule membrane (MFGM),
consists of several distinct layers of different origins. Precursors of milk lipid
globules are formed at the endoplasmic reticulum of mammary epithelial cells
and are released into cytosol as lipid droplets surrounded by a monolayer coat
of proteins and phospholipids. During secretion, milk fat globules gain the
outer bilayer coat from the apical plasma membrane of secretory cells (Keenan

& Mather, 2006).

The protein composition of the MFGM is very complex with over 40 different
polypeptides, ranging in molecular weight from 15 to 240 kDa (Mather, 2000).
The major MFGM proteins are xanthine oxidase (XO; 155 kDa), butyrophilin
(BTN; 67 kDa), PAS 6/7 (49-50 kDa) (Mather, 2000). Since cross-links
between MFGM proteins, e.g., XO-BTN, through intermolecular disulfide
bonds occur naturally, the protein composition of the MFGM is usually studied
with 8% polyacrylamide SDS-PAGE gels under reducing conditions. Previous
studies have shown that milk processing, i.e., heating (Ye et al., 2002; Ye et al.,
2004a), evaporation (Ye et al., 2004b), and homogenisation (Ye et al., 2008),

does not provoke major changes on the composition of native MFGM proteins.

However, milk processing provokes interactions between MFGM components
and whey protein and/or caseins (Ye et al., 2004a,b, 2008). Since whey
proteins and caseins run out of 8% polyacrylamide gels due to their low
molecular masses (~14-25 kDa), resolving gels of 15% polyacrylamide are
usually used. In addition, interactions between MFGM and caseins might be
through adsorption of casein micelles (indirect adsorption) at the fat globule
surface or through direct adsorption and/or bonding of the protein molecules.

In order to differentiate direct from indirect adsorption, urea-ethylenediamine-
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tetraacetic acid (EDTA) buffer is used; washing isolated MFGM material with
the buffer dissociates and washes away the casein micelles adsorbed at the fat
globule surface, but protein molecules adsorbed directly at the interface of fat
globules and the protein molecules bound to the interfacial protein layer via

covalent bonds remain on the surface of the fat globule (Ye et al., 2004b).

The research work on rennet coagulation properties (see Section II Chapter 1)

showed that ultra-high pressure homogenisation (UHPH) enhances the
coagulation properties of milk, and such improvement was attributed to
changes at the protein-fat structures. Moreover, fat content of milk was proven
to greatly influence the protein-protein interactions within rennet curds from

UHPH-treated milk (see Section II Chapter 2). The aim of the present study

was to examine the effects of UHPH conditions (temperature and pressure) on
the milk fat globule and the surface proteins. Needs to be mentioned that the
testing of the methods applied in this work resulted in a published study on the
MFGM composition of goat’s milk (see Annex 2).

3.2.  Material and methods

3.2.1. Milk supply and treatments

Raw whole bovine milk was obtained from a local dairy farm (S.A.T. Can
Bado, Roca del Vallés, Spain). Milk was standardised at 3.6% fat and kept
overnight at 4 °C. Before all treatments, the milk was warmed to approximately
20 °C. Single-stage UHPH was carried out at 100, 200 and 300 MPa with inlet
temperatures (T;) of 20, 30 and 40 °C using the modified model FPG11300 of
Stansted Fluid Power Ltd. (see Section I Chapter 2). Milk temperature during

UHPH treatment was measured with thermocouples located at different points
of the equipment (see Fig. 1.2.2). Real inlet temperature (Ti,) corresponded to
milk temperature at the exit of the first heat-exchanger. Milk temperature
before and immediately after the Stansted valve were referred as T, and T,.
The refrigeration system located between the two valves cooled down milk to
T:. Outlet temperature (Tou) was measured after the cooling system which

consisted of two heat-exchangers.
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UHPH was compared with conventional treatments, i.e., pasteurisation (72 °C
for 15 s) and homogenisation-pasteurisation (15 + 3 MPa at 60 °C, 72 °C for 15 s),
carried out with a Finamat heat-exchanger (model 6500/010, GEA Finnah
GmbH, Ahaus, Germany), and a Niro Soavi homogeniser (model X68P Matr.
2123, Niro Soavi, Parma, Italy).

3.2.2. Mean diameter and specific surface area of fat globules

Determination of the surface-weighted mean diameter [D(3,2)] and the specific
surface area (SSA) was carried out using a Beckman Coulter laser diffraction
particle size analyser (LS 13 320 series, Beckman Coulter, Fullerton, CA,
USA) as described in Section II Chapter 1.

3.2.3. Isolation of MFGM material

MFGM components were obtained following the method of Ye et al. (2002)
with modifications. Cream was separated by centrifugation at 10,500 x g for
30 min at 20 °C after addition of 28.6 g of sucrose 100 g"' of milk in order to
increase the difference in density between fat and serum phases (Cano-Ruiz &
Richter, 1997). After cooling, the top layer (cream) was removed from the
centrifuge tube using a spatula. Cream was washed twice for 1 h at room
temperature in 10 volumes of simulated milk ultrafiltrate (SMUF; Jenness &
Koops, 1962) or SMUF containing 6 M urea and 50 mM EDTA (Ye et al.,
2002), centrifuged at 10,500 % g for 30 min at 20 °C and solidified by cooling

at 4 °C in order to remove the top layer, i.e., washed cream.
3.2.4. Determination of washed cream protein content

Total protein content of the washed creams was determined in triplicates
through the Dumas combustion method (IDF, 2002) by determining total
nitrogen and multiplying by a factor of 6.38. Protein coverage was calculated
by dividing the amount of protein per gram washed cream by the SSA of fat
globules (Lee & Sherbon, 2002).
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3.2.5. Analysis of MFGM protein components

Protein composition of MFGM from washed creams was determined by SDS-
PAGE. Samples of washed creams (0.25 g) were dispersed in 0.5 mL Tris-HCI
buffer (6% Tris 0.5 M, 10% glycerol, 2% SDS and 0.05% bromophenol blue).
For non-reducing PAGE, the samples were heated at 45 °C for 5 min. For
reducing conditions, 5% p-mercaptoethanol was added to the samples before
heating at 95 °C for 5 min in a boiling water bath. In order to remove fat, the
samples were centrifuged at 2.500 % g for 30 min. 15 pL of supernatants diluted
in sample buffer (1:3 v/v) were loaded onto 15% SDS-polyacrylamide gels
(37.5% Acryl-Bis at 40% in 1.5 M Tris-HCI buffer, pH 8.8, for separating gel;
10% Acryl-Bis at 40%, in 0.5 M Tris-HCI buffer, pH 6.8, for stacking gel). A
molecular mass marker (wide range from 14.4 to 212 kDa, Amresco, Solon,
USA) and milk protein standards, i.e., bovine serum albumin, caseins (CN),
a-lactalbumin (a-LA) and B-lactoglobulin (B-LG) (Sigma-Aldrich Chemie,
Steinheim, Germany) were applied to each gel. Gels were run at 200 V using a
Pharmacia Biotech power supply unit (model EPS 3500, Pharmacia Biotech,
Uppsala, Sweden). Protein bands were stained with a solution of Coomassie
brilliant blue R-250. Gels were destained with a solution of methanol and
glacial acetic acid at concentrations of 160 and 10 mL L, respectively.
Scanned images of the destained gels were analysed using the ImageMaster
software (Amersham Pharmacia Biotech, Newcastle, UK). The apparent
molecular mass (Mr) of the bands on the SDS-PAGE was estimated from the
mobility of proteins in the gel when compared with the mobility of the
molecular mass markers. Protein identification was carried out by comparison
with protein standards, for caseins and whey proteins (Sigma-Aldrich Chemie),
and with results from previous studies for MFGM proteins (Ye et al., 2002; Ye
et al., 2004b; Singh, 2006).

3.2.6. Transmission electron microscopy

Microstructure of milk was observed by transmission electron microscopy
(TEM). Milk samples were mixed with glutaraldehyde (3% final concentration)
in a bijou bottle and then mixed with warm 2% low-temperature gelling agar at

a 1:1 ratio. The mixture was allowed to gel and was chopped into 1 mm® cubes.
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The cubes were then washed as follows: with 0.1 M sodium cacodylate buffer
pH 7.2 for 30 min, then again twice for 1 h, with 1 mL of a solution containing
50% osmium tetroxide (2% solution) and 50% cacodylate/HCL buffer for 2 h,
with 1 mL of % uranium acetate for 30 min, and finally with water.
Dehydration consisted of washing with ethanol at increasing concentration and
time (50%, 70%, 90%, and 100% for 5 + 30, 30, 180, and 30 + 60 min). The
ethanol was poured off and the bottle was filled with incomplete resin [20 mL
epoxy resin, 20 mL dodecylsuccinic anhydride (DDSA) and 1 drop of dibutyl
phthalate] and placed on a rotator overnight. Incomplete resin was replaced
with complete resin [incomplete formulation with addition of 0.6 mL of the
plasticiser benzyldimethylamine (BDMA)] and then placed on the rotator for
4 h. Sample cubes were added to moulds containing fresh complete resin which
and baked overnight at 60 °C. After cutting (0.03-0.05 um) with a Reichert
Ultracut microtome, they were mounted on 3 mm copper grids and stained
using uranyl acetate and lead citrate. Examination was performed with a
Philips 201 transmission electron microscope at an accelerating voltage of

60 kV (Philips, NL-5600 MD, Eindhoven, Netherlands).

3.2.7. Statistical analysis

Data were processed by one-way ANOVA (Statgraphics Inc., Chicago, IL,
USA). LSD test was used for comparison of sample data, and evaluations were

based on a significance level of P < 0.05.

3.3. Results

3.3.1. Temperatures reached during UHPH treatments

Temperatures reached throughout the UHPH equipment are shown in
Table I1.3.1. Milk temperature increased by ~10 °C between Ti, and T;; such
increase could be attributed to adiabatic heating as result of the pressure
exerted by the valve. Maximum values were observed at T,. Indeed, high
turbulence, shear and cavitation forces that are produced after the valve,
through the release of pressure, increases the temperature of the fluid (Hayes &

Kelly, 2003).
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Table I1.3.1. Temperatures (°C) reached during ultra-high pressure homogenisation
treatments'.

Treatment Tin Tl T2 Tr Tout
20°C 100 MPa 19.9 27 48 33 15.1
200 MPa 20.2 30 65 46 17.8

300 MPa 20.5 32 76 57 16.5

30°C 100 MPa 29.8 36 56 38 16.5
200 MPa 30.2 38 72 49 18.6

300 MPa 30.2 40 86 61 19.3

40°C 100 MPa 40.6 45 60 42 17.8
200 MPa 39.0 47 81 54 20.3

300 MPa 40.7 49 92 66 20.0

U'T,.: real inlet temperature; T): temperature before the 1% valve; T,: temperature after the 1% valve;
T,: temperature after the refrigeration system; T, outlet temperature after the cooling system.

Table 11.3.2. Surface-weighted mean diameter [D(3,2)] and specific surface area
(SSA) of fat globules', total protein of washed creams, and protein coverage of fat
surface.

2 D(@3,2) SSA Total protein Protein coverage
Treatment (nm) (m2 mL'l) (g 100 g'1 fat) (mg m'z)
Raw 3233+5 1.86 + 0.00 0.31+0.05°¢ 1.53 £0.25
PA 3214+ 10 1.87 £ 0.01 0.43 £0.03 ¢ 2.10+0.14
HP 255+ 11 23.57 £0.97 3.54 +0.07° 1.37£0.03
UH
100 MPa 20°C  286+10%  20.96+0.71° 0.24 +0.09 ¢ 0.10 = 0.04 ¢
30°C 190+9° 31.66 +1.52¢ 138+0.07°¢ 0.40 £ 0.02 ¢
40°C 183 +13° 32.87+226¢ 1.88+0.14¢ 0.52 + 0.04 *°
200 MPa 20°C  182+9° 32.97+1.639 0.36+0.07 ¢ 0.10 + 0.02 ¢
30°C 147+3¢ 40.75 + 0.85° 1.53 £ 0.08 %4 0.35+0.02°¢
40°C  126+5° 47.61 £2.05° 261+0.11° 0.50 +0.02°
300 MPa 20°C 166+ 7° 3625+ 1.43°¢ 244 +047° 0.62+0.12°
30°C 149+5¢ 4029 + 1.16° 2.38+0.38° 0.54 + 0.09 *°
40°C  147+4°¢ 40.83 +0.98° 2.33+0.30° 0.52 +0.07 *°

*¢ Mean value + s.d.; n = 3; values without common superscripts were significantly different (P < 0.05).

! Results obtained with the Beckman Coulter LS software; for raw and pasteurised milk, data correspond
to the fat globule peak; for homogenised samples, the whole distribution was selected.

2 PA: pasteurisation; HP: homogenisation-pasteurisation; UH: ultra-high pressure homogenisation.

However, T, values obtained in this study were ~10 °C lower than those of

previous studies (Pereda et al., 2007; see Section II Chapter 1). Moreover,

plotting T, vs. pressure revealed linear temperature increases of 14, 15 and 16 °C
for 100 MPa at T; of 20, 30 and 40 °C, with ? of 0.985, 0.999 and 0.969,
respectively (average linear temperature increase, by plotting (T, — Tj,) vs.

pressure, of 14.8 °C per 100 MPa with r* = 0.940).
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Such values were lower than those previously reported; Pereda et al. (2007)
observed an increase of 19.15 °C per 100 MPa with T; of 40 °C, and Thiebaud et
al. (2003) obtained an increase of 18.5 °C with T; of 4-24 °C. Increases of 16.6
and 17.6 °C were observed by Hayes & Kelly (2003) working at 150-250 MPa
with T; of 45 °C, and at 50-200 MPa with T; of 6-10 °C, respectively.

The improvements performed on the UHPH equipment (see Section I Chapter II)

might have originated the differences observed with previous studies carried
out in our laboratories; the refrigeration system inserted between the two
valves contributed to lowering not only Ty, but also T,, probably through

thermal conductivity in the metallic pipes.

3.3.2. Mean diameter and specific surface area of fat globules

Homogenisation treatments of milk reduced the size of fat globules provoking
a concomitant increase in the SSA (Table 11.3.2). The effect of 100 MPa at T;
of 20 °C on D(3,2) and SSA was similar to that of conventional homogenisation-
pasteurisation. At 100 MPa, increasing T; from 20 to 30 °C decreased significantly
the fat globule size. UHPH at 200 MPa with T; of 20 °C reduced D(3,2) down
to values obtained at 100 MPa with T; either of 30 or 40 °C. At 200 MPa, further
decrease was obtained as T; was increased. The effect of 300 MPa at T; of 20 °C
was in between those of 200 MPa at 20 and 30 °C. Increasing the T; from 20 to
30 °C at 300 MPa led to a reduction of the D(3,2) comparable to that of 200 MPa
at 30 °C. However, further T; increase did not affect the size of fat globules.

3.3.3. Protein content and fat surface coverage

Although not being statistically significant (Table I1.3.2), pasteurisation
treatment increased the amount of total protein in washed creams leading to
higher amount of protein coverage than in raw milk. The amount of total
protein in washed creams from homogenised-pasteurised milk was by far the
highest. These results combined with the fact that, conventional homogenisation-
pasteurisation triggered an important reduction of D(3,2) led to a great amount
of protein covering the fat surface. Except for treatments at 200 and 300 MPa
with a T; of 20 °C, UHPH triggered significant increases on the total protein
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Figure 11.3.1. SDS-PAGE patterns of membrane material isolated from control milk
samples under (A) non-reducing and (B) reducing conditions [S: protein standards;
M: molecular weight markers of 212, 116, 97, 66, 45, 31, 21, 20 and 14 kDa; R: raw milk;
PA: pasteurised milk; HP: homogenised-pasteurised milk; BSA: bovine serum albumin; CN: casein;
B-LG: B-lactoglobulin; a-LA: a-lactalbumin; XO: xanthine oxidase; BTN: butyrophilin].

(A) SMUF SMUF + urea + EDTA
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content of washed creams. Two main groups could be distinguished: 1)
treatments at 100 MPa with T; of 30 and 40 °C and at 200 MPa with a T; of 30 °C,
and 2) treatments at 200 MPa with T; of 30 and 40 °C and at 300 MPa.
Increasing T; led to a significant increase in the total protein, except for
treatments at 300 MPa, which showed the same amount as that of washed
creams from UHPH-treated milk at 200 MPa with T; of 40 °C. However, as the
amount of protein covering the fat surface takes into account both the protein
load as well as the SAA, UHPH treatments at 300 MPa led to the highest

amounts of protein coverage, especially with T; of 20 °C.

3.3.4. Electrophoretic patterns

The SDS-PAGE patterns under non- and reducing conditions are shown in
Figs. I1.3.1-4. Only the main native MFGM proteins, i.e., XO, BTN and PAS
6/7, could be observed. Some CN, especially 0,-CN, was present in washed
cream from raw milk, but were washed away with urea-EDTA buffer
(Fig. 11.3.1). Hence, some micelle caseins in raw milk would be adsorbed
rather than covalently bound at the fat globule surface. Pasteurisation treatment
of milk triggered the incorporation of CN, i.e. 0,-CN and B-CN, and whey
proteins, i.e., B-LG and a-LA. After washing with urea-EDTA buffer, some CN
and B-LG remained; the bands corresponding to these proteins were much
obvious under reducing conditions, indicating that their incorporation involved
covalent bonding to some extent. In addition, B-LG bands fainted after washing
with urea-EDTA buffer; hence, some B-LG was retained in the MFGM
material through interactions with casein micelles. No major differences were
observed in band intensity of the main native MFGM proteins, except for a

fading of PAS 6/7 bands.

Major changes were observed in the pattern of washed cream from
conventionally homogenised-pasteurised milk (Fig. I1.3.1). The intensity of the
bands corresponding to CN and whey proteins bands was increased. Little
amounts of caseins, which were greatly incorporated in the MFGM material,
remained after washing with urea-EDTA buffer; thus, almost all CN was
incorporated through adsorption of micelle caseins. In addition, a band with Mr

of ~27 kDa, was clearly apparent. In previous studies, such band was attributed
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Figure 11.3.2. SDS-PAGE patterns of membrane material isolated from milk treated
by ultra-high pressure homogenisation at 100 MPa with different inlet temperatures
(Ti)) under (A) non-reducing and (B) reducing conditions [S: protein standards;
M: molecular weight markers of 212, 116, 97, 66, 45, 31, 21, 20 and 14 kDa; R: raw milk; 20: T;
of 20 °C; 30: T; of 30 °C; 40: T; of 40 °C; BSA: bovine serum albumin; CN: casein; B-LG:
B-lactoglobulin; 0-LA: a-lactalbumin; XO: xanthine oxidase; BTN: butyrophilin].
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5 R 20 30 40 M R 20 30 40
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to k-CN (Cano-Ruiz & Richter, 1997; Ye et al., 2004b). Moreover, no differences
between non- and reducing conditions were observed in the intensity of the
bands corresponding to CN, indicating that the incorporation of some CN
molecules, directly adsorbed to the surface, was not through covalent bonding.
Intensity of the bands corresponding to whey proteins was higher than those of
washed creams from pasteurised milk. Washing with urea-EDTA buffer did
not affect whey proteins bands; but under reducing conditions, the bands had
higher intensity, meaning that conventional homogenisation-pasteurisation
treatment triggered the incorporation of whey proteins, especially B-LG,
through covalent bonding with the interfacial protein layer of the fat globules.
Concerning the native MFGM proteins, no major changes were observed,
except for the presence of two bands with Mr of ~75 and ~58 kDa, present only
under reducing conditions. After washing with urea-EDTA buffer, no
differences were observed in their intensity, suggesting that these proteins were
directly adsorbed at the fat surface through covalent bonding. Bands with
Mr ~75 and ~58 kDa were also observed on the fat globule surface after
concentration of whole through evaporation, and were attributed to the
secretory and the heavy chain immunoglobulin components, respectively (Ye

et al., 2004b).

Non-reducing SDS-PAGE gels of washed creams from UHPH treated milk
samples showed that the amount of dense material stuck between stacking and
separation gels was greater than for the conventional homogenisation-
pasteurisation treatment (Figs. 11.3.2-4). The comparison of patterns between
non- and reducing conditions allowed ascribing it to CN and B-LG. UHPH at
100 MPa led to the incorporation of CN, although at lower extent than
conventional homogenisation-pasteurisation treatment (Fig. 11.3.2). Increasing
T;i led to higher incorporation of CN. After washing with urea-EDTA, the
intensity of the bands faded but also darkened as T; increased. In contrast to
conventional homogenisation-pasteurisation, the main CN involved was as-CN.
Moreover, the intensity of the bands did not vary between non- and reducing
conditions, except for the band that corresponded to x-CN; this band was
almost absent under non-reducing condition, but very apparent under reducing

conditions. Hence, the incorporation of CN in the MFGM material was through
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Figure 11.3.3. SDS-PAGE patterns of membrane material isolated from milk treated
by ultra-high pressure homogenisation at 200 MPa with different inlet temperatures
(Ti)) under (A) non-reducing and (B) reducing conditions [S: protein standards;
M: molecular weight markers of 212, 116, 97, 66, 45, 31, 21, 20 and 14 kDa; R: raw milk; 20: T;
of 20 °C; 30: T; of 30 °C; 40: T; of 40 °C; BSA: bovine serum albumin; CN: casein; B-LG:
B-lactoglobulin; 0-LA: a-lactalbumin; XO: xanthine oxidase; BTN: butyrophilin].
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the adsorption of casein micelles and in a lower extent through direct
adsorption of protein molecules, i.e., 0,-CN, and covalent bonding, i.e., k-CN.
A very faint band corresponding to B-LG appeared both under non- and
reducing conditions. In addition, gel patterns showed some fading of the bands
corresponding to the native MFGM proteins and the presence of bands with
Mr of ~75 and ~58 kDa, also detected in washed creams from conventionally

homogenised-pasteurised milk.

Almost no differences were observed in washed creams from UHPH-treated
milk at 200 MPa compared with 100 MPa, except for an increase in B-LG at
T; of 40 °C, which remained after washing with urea-EDTA buffer (Fig. I1.3.3).
In contrast, major differences in the intensity of the bands were detected in
UHPH-treated milk at 300 MPa (Fig. I1.3.4); much greater amounts of both CN
and whey proteins were observed compared with the other UHPH treatments.
The increase of T; between 20 and 30 °C did not affect the amount of CN in
washed creams. However, after washing with urea-EDTA buffer, the amount
of remaining CN was higher in MFGM material from UHPH-treated milk with
a T; of 30 °C than that of 20 °C. Hence, UHPH treatment at 300 MPa with a
T; of 30 °C enhanced the direct incorporation of proteins instead of the
incorporation through casein micelle adsorption. At 300 MPa with T; of 40 °C,
UHPH treatment resulted in a further increase of CN content. After washing
with urea-EDTA buffer and under reducing conditions, the intensity of CN
bands did not vary between samples from T; of 30 and 40 °C. Thus, increasing
T; from 30 to 40 °C did not increase the amount of directly adsorbed CN rather
increased the amount of adsorbed casein micelles. As previously mentioned,
UHPH treatment at 300 MPa provoked the incorporation of whey proteins,
with an increase concomitant to that of Ti. Washing with urea-EDTA buffer
resulted in a slight fading of whey protein bands, indicating that the
incorporation of whey proteins was in a low extent through interactions with
casein micelles. Considering the native MFGM proteins, some fading was also
observed, but increasing T; better revealed the bands with Mr of ~75 and

~58 kDa.
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Figure 11.3.4. SDS-PAGE patterns of membrane material isolated from milk treated
by ultra-high pressure homogenisation at 300 MPa with different inlet temperatures
(Ti)) under (A) non-reducing and (B) reducing conditions [S: protein standards;
M: molecular weight markers of 212, 116, 97, 66, 45, 31, 21, 20 and 14 kDa; R: raw milk; 20: T;
of 20 °C; 30: T; of 30 °C; 40: T; of 40 °C; BSA: bovine serum albumin; CN: casein; B-LG:
B-lactoglobulin; 0-LA: a-lactalbumin; XO: xanthine oxidase; BTN: butyrophilin].

(A) SMUF SMUF + urea + EDTA
S R 20 30 40 ™M R 20 30 40

BTN
BSA PAS
6,7
CN
TR e —
=LA [ . — -
2 -~ I.‘
. | om——— ‘.
(B) SMUF + urea + EDTA
M 20 30 40 R
X0
BSA BTN
PAS
6/7

CN

p-LG

=LA

106



MFGM

3.3.5. Electron microscopy

Electron micrographs of raw milk (Figs. 11.3.5-7 A) showed casein micelles
individually dispersed and large round fat globules with well-defined MFGM;
both the bilayer and the monolayer could be observed at 100x augmentations
(Fig. I1.3.7 A). In pasteurised milk, the size of casein micelles seemed to be
larger and denser compared with raw milk (Fig. I1.3.5 B). Some damage at the
MFGM could be observed; few globules had lost their integrity resulting in
empty cores (Fig. I1.3.6 B). The bilayer of the MFGM was less apparent, and
fat globules were surrounded by a fuzzy and less dense material, onto which

some casein micelles were adsorbed (Fig. 11.3.7 B).

Conventional homogenisation-pasteurisation reduced the size of fat globules,
of which two main populations could be observed (Fig. I1.3.5 C): round middle
size fat globules (~0.8 pm) with some casein micelles adsorbed at the MFGM
(Fig. I1.3.6 C), and smaller heterogeneous particles (~0.2 um) enveloped with
MFGM (Fig. 11.3.7 C). The latter formed aggregates directly by MFGM
interaction, which appeared more electrodense at the point of contact, or
through bridges of whey protein (less electrodense material in the micrographs).
Small casein micelles were adsorbed onto the MFGM of the new particles, but

they did not contribute to the aggregation phenomenon.

Electron micrographs of UHPH treatments with T; of 40 °C (Figs. I1.3.5-7 D-F)
were consistent with the fat globule size distribution results; a complete
reduction of fat globules, which corresponded to the obtained monomodal
distributions, was observed (Fig I1.3.5 D-F). Newly formed particles, which
were very heterogeneous in shape and size, consisted of aggregates of very
small fat globules, casein micelles and some whey proteins. Individually
dispersed casein micelles were slightly smaller and less electrodense,
especially at 300 MPa (Fig. 11.3.6 F). Adsorption of casein micelles at the
MFGM of larger fat globules was observed (Fig. 11.3.7 F). However, at
pressures > 200 MPa an opposite phenomena occurred; middle size casein
micelles were those absorbing at their surface small fat globules (Fig. I1.3.7 E-F).
In addition, at such pressures, some disintegrated MFGM material did not

reform globular particles.
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Figure 11.3.5. Electron micrographs at 15x augmentations of (A) raw, (B) pasteurised,
(C) homogenised-pasteurised, and ultra-high-pressure homogenised milk samples at
(D) 100 MPa, (E) 200 MPa and (F) 300 MPa with an inlet temperature of 40 °C
[bar=1 um].
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3.4. Discussion

In raw whole milk, the size of particles follows a bimodal distribution
characterised by a peak corresponding to casein micelles (at 0.2 um with 25%
volume of milk particles) and a second peak to fat globules (at 3.5 um and with
75% volume). Beckman Coulter LS software allows selecting populations of
the particle distribution; the calculated SSA of the particles corresponding to
the fat globules was ~1.9 m> mL™. But, since not all software allow the virtual
segregation of casein micelles from fat globules, dissociating buffers, such as
EDTA, urea and SDS, have been used prior to light scattering analysis. Upon
dissociation of raw whole milk, Michalski et al. (2002a) estimated the SSA of
fat globules to be 1.6 m* mL™ on a volumic basis corresponding to 1.75 m* g”!
on a massic basis, which takes into account the density of milk fat (0.916 g ml”'
at 20 °C). However, using dispersing agents, the SSA was overestimated,
e.g., ~5 m> g' (Ye et al.,, 2002). In the present study, an attempt of using
dissociating agents resulted in a decrease of globule diameter (from 3.5 to
2.9 um) and casein micelles were still present (10% volume of milk particles);
since the method resulted in the loss of the largest fat globules and did not
ensure the complete dissociation of casein micelles, using this method was

discarded.

The SSA allows calculating the surface protein load of fat globules by dividing
the protein content of washed creams by the SSA on a massic basis. Hence,
differences on estimated SSA results in differences in the calculated surface
protein coverage. Moreover, differences on the method of MFGM isolation,
which might affect the recovery of MFGM material (Mather, 2000; Danthine et
al., 2000; Singh, 2006), could also contribute to differences between studies.

Upon homogenisation, globule size is reduced down to that of micelle caseins,
resulting in either a bimodal distribution with a second small peak, or a
monomodal distribution with a unique peak. At 100 MPa, increasing T; from 20
to 40 °C led to a decrease of the second peak, which corresponded to 30, 8 and
2% of particles volume in T; of 20, 30 and 40 °C, respectively. At 200 MPa, the
peak disappeared with T; above 20 °C. In contrast, at 300 MPa with T; of

40 °C the second peak was present indicating that coalescence and aggregation
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Figure 11.3.6. Electron micrographs at 30x augmentations of (A) raw, (B) pasteurised,
(C) homogenised-pasteurised, and ultra-high-pressure homogenised milk samples at
(D) 100 MPa, (E) 200 MPa and (F) 300 MPa with an inlet temperature of 40 °C
[bar=0.5 um].

110



MFGM

phenomena occurred. Hence, the state of the milk fat is a major factor for
UHPH treatment. Transmission electron micrographs showed that conventional
homogenisation-pasteurisation and UHPH treatments produced new particles

which could not be accounted for either casein micelles or fat globules.

Reduction of fat globule size implied two handicaps of the method, which were
unsolved neither in this study nor in previous ones. Segregation of casein
micelles from fat globules with the software was not any longer feasible. In one
of the first studies on MFGM, McCrae and Muir (1991) estimated the globule
size in recombined milk through homogenisation as the volume per cent of fat
globules above a specified threshold (0.5 pm). After the observation of
transmission electron micrographs, this procedure was discarded. Corredig and
Dalgleish (1996) determined the particle size distribution of fat globules after
separation of milk; in the present study such determination was not possible
since the amount of recovered fat after centrifugation was very little, especially
for UHPH-treated samples. In a recent study, dynamic light scattering was
used, together with dispersing buffers, to estimate the particle size of milk after

mechanical treatments (Michalski et al., 2002a).

Since the formation of new particles during homogenisation involved the
adsorption of casein micelles, the use of dissociating agents was expected to
greatly influence the particle size analysis; the disappearance of casein micelles
through dissociation should trigger an increase in the diameter of intact
particles, i.e. fat globules. Unexpectedly, the attempt of using dissociating
agents in homogenised milk samples resulted in a diminution of the particle
size diameter. For homogenised-pasteurised and UHPH-treated samples
showing a bimodal distribution, lower particle size was due to a reduction of
the 2™ peak, which should correspond to native fat globules (particles > 1 um),
e.g. from 14 to 9% volume of milk particles in homogenised-pasteurised
sample. In contrast, for UHPH-treated milk showing a monomodal distribution,
the reduction in particle size was mainly due to a narrowing of the peak,
ie., 40900 vs. 40-400 nm for non-dissociated and dissociated samples,
respectively. Such results were also taken into account when discarding the

dissociation method.
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Figure 11.3.7. Electron micrographs at 100x augmentations of (A) raw, (B) pasteurised,
(C) homogenised-pasteurised, and ultra-high-pressure homogenised milk samples at
(D) 100 MPa, (E) 200 MPa and (F) 300 MPa with an inlet temperature of 40 °C
[bar=0.2 um].
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In addition, reduction of fat globule size implies a change in the density of milk
fat. Although commonly found in literature (e.g. Cano-Ruiz & Richter, 1997;
Lee & Sherbon, 2002; Ye et al., 2007, 2008), using the value of raw milk, for the
calculation of the SSA of fat globules on a massic basis in homogenised milk
samples, entails an unsolvable error. Since the fat density in homogenised milk
is unknown, the SSA should be expressed as a volumic quantity; however, the
protein coverage can not be calculated from the SSA on a volumic basis. In
some cases, such difficulties are concealed by either not showing the results of
raw milk or the SSA values of homogenised samples (e.g. Cano-Ruiz & Richter,

1997; Ye et al., 2007).

In the present study, different ways in the calculation of SSA were performed.
For raw and pasteurised milk samples, fat globule SSA was estimated by
selecting the peak corresponding to fat globules with the software. For
homogenised milk samples, the whole distribution was taken into account;
including individually dispersed casein micelles resulted in an overestimation
of the fat globules SSA. Hence, the results on both SSA and protein coverage
of fat globules of non-homogenised and homogenised samples can not be
compared; however, the results would be comparable among homogenised
samples as long as the differences in the distribution shape are taken into

account.

SDS-PAGE electrophoretograms of washed creams from raw milk showed that
very small amounts of CN were present at the MFGM. Dalgleish and Banks
(1991) attributed it to an inadvertent partial homogenisation during the
handling of the milk. It must be pointed out that the staining intensity may vary
between protein species. Hence, it may not represent actual protein content, but

highlights differences between samples and changes during processing.

Upon heating, the protein load of MFGM material is increased due to the
incorporation, partially via covalent bonding, of whey proteins and, in a lesser
extent, of CN. A number of studies have shown that B-LG associates with the
MFGM (Dalgleish & Banks, 1991; Houlihan et al., 1992; Kim & Jiménez-Flores,
1995; Corredig & Dalgleish, 1996; Lee & Sherbon, 2002; Ye et al., 2002, 2004a);

this association was observed in heated milk at temperatures of 60-65 °C,
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which were lower than the denaturation temperature of B-LG (78 °C; Jelen &
Rattray, 1995). Two mechanisms have been suggested for the association of
B-LG with the MFGM: via disulphide bonding (Houlihan et al., 1992), or via
displacement of the original MFGM material (Dalgleish & Banks, 1991). The
results obtained by Corredig and Dalgleish (1996) strongly suggested that the
interaction of whey proteins with intact milk fat globules was not simply
displacement of the original membrane by absorbing whey protein. In the
present study, the loss of B-LG by washing with dissociation buffer indicated
that some B-LG was retained at the MFGM by interacting with casein micelles
adsorbed onto the surface of the MFGM. Indeed, upon heating skim milk,
whey proteins, especially B-LG, associate with casein micelles resulting in an
increase in the casein micelle size (Anema & Li, 2003). Moreover, hair-like
structures have been observed on the surface of casein micelles in heated milk
samples (Davies et al., 1978; Mohammad & Fox, 1987) and have been
described as k-CN/B-LG complexes (Singh & Fox, 1987). In the present study,
larger casein micelles were observed by transmission electron microscopy in

pasteurised than raw milk samples.

Conflicting results have been reported with respect to the association of a-LA
with the MFGM proteins. Dalgleish and Banks (1991) did not detect a-LA in
the MFGM of milk that had been heated at 80 °C. In some studies, other
authors detected that the level of a-LA increased with heating time at 80 °C
(Houlihan et al., 1992; Lee & Sherbon, 2002) but, in the earliest study, a-LA
was considered as an artefact (Houlihan et al., 1992). Ye et al. (2002) observed
that a-LA was present in the MFGM material isolated from milk that had been
heated at > 65 °C, but the band was fainter and fuzzier compared to B-LG band.
In the present study, a very faint band could be discerned under reducing
conditions. The association of a-LA with the MFGM probably occurs via
disulphide bonding in a similar way to that of -LG, but in a much lesser extent

(Singh, 20006).

Concerning the association of individual CN proteins and/or casein micelles
with the MFGM, former reports considered the presence of k-CN as an artefact

due to fat globule damage during the handling of the milk (Dalgleish & Banks,
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1991; Houlihan et al., 1992). Recently, the use of both non- and dissociating
buffers has allowed elucidating whether the whole casein micelle was present
in the MFGM after heating (Ye et al., 2004a). In the present study, under
reducing conditions, in addition to the k-CN band, os-, as- and B-CN bands
were also observed in pasteurised samples; under non-reducing conditions,
K-CN, B-LG and o-LA bands disappeared. These results are in accordance to
those obtained by Ye et al. (2004a), and suggest that the casein micelles may
be directly associated with the MFGM proteins through x-CN, and indirectly
through the interaction of k-CN with B-LG already associated with the MFGM.

Interactions between MFGM proteins via disulphide bonds are enhanced by
heat (Ye et al., 2002, 2004a). However, SDS-PAGE electrophoretograms under
reducing conditions showed that pasteurisation did not affect the pattern of the
main MFGM proteins, since B-mercaptoethanol breaks down disulphide bonds,
except for a slight fading of the band corresponding to PAS 6/7. It has been
suggested that whey protein displace the original MFGM material, either by
directly competing or by filling the gaps produced by heat at the original
MFGM (Dalgleish & Banks, 1991). The results of the present study, which are
in accordance to those obtained by Ye et al. (2004a), do not support this
contention. Kim and Jiménez-Flores (1995) interpreted the decrease of PAS 7
as a breakdown in the protein structure. Houlihan et al. (1992) observed that
the loss of PAS 6/7 was related to the presence of skim milk components
during heating. Ye et al. (2002) observed that in the absence of serum proteins,
PAS 7 did not associate with other MFGM proteins via disulphide bonds upon
heating, but this protein was found to be more heat stable than the other
MFGM proteins. In a more recent study, these authors suggested two possible
explanations for such behaviour: a) the alteration of the membrane structure
due to the formation of B-LG/MFGM complexes or, b) the formation of direct
B-LG/PAS 7 complexes could result in the removal of PAS 7 (Ye et al., 2004a).

In literature, much more interest has been focused in the effect of conventional
homogenisation since this treatment provokes drastic changes on the structure
of the MFGM (Keenan et al., 1983; McPherson & Kitchen, 1983; McPherson
et al., 1984; Sharma & Dalgleish, 1993, 1994; Cano-Ruiz & Richter, 1997;
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Michalski et al., 2002a,b; Lee & Sherbon, 2002; Ye et al, 2004b, 2008).
However, it must be pointed out that the effect of homogenisation has been
commonly studied in combination to that of heat. Heating has been usually
performed by batch pasteurisation, and the sequence of the treatments, i.e.,
downstream and upstream homogenisation, has been proven to be very
important (Sharma & Dalgleish, 1994; Ye et al., 2008). In the present study, two-
stage homogenisation was performed before HTST pasteurisation. Two-stage
homogenisation is commonly used in industry as it prevents the coalescence of
homogenised fat globules. Transmission electron microscopy of homogenised-
pasteurised milk showed two fat globule populations: some individually
dispersed large fat globules of uncertain origin (native or coalesced fat

globules), and aggregates of small fat globules.

Conventional homogenisation-pasteurisation provoked much greater MFGM
protein load than the corresponding pasteurisation treatment, which is in
agreement with previous studies (Sharma et al., 1996; Cano-Ruiz & Richter,
1997). During homogenisation, fat globules are reduced, and the concomitant
increase in the surface area must be overcome by building a new MFGM
through the adsorption of indigenous material (McPherson & Kitchen, 1983;
McPherson et al., 1984; Sharma & Dalgleish, 1993, 1994; Cano-Ruiz &
Richter, 1997).

The results of the present study showed that, after conventional
homogenisation-pasteurisation, high amounts of CN were adsorbed onto the
MFGM; indeed, several authors observed that CN were adsorbed preferentially
over whey proteins in homogenised milk samples (Sharma & Dalgleish, 1993;
Cano-Ruiz & Richter, 1997; Sharma et al., 1996). However, comparing the
protein patterns of pasteurised and homogenised-pasteurised samples showed
that the latter treatment provoked greater adsorption of whey proteins. Such
differences could be indirectly due to the spreading of casein micelles during
homogenisation provoking more “association sites” (Ye et al., 2008). Moreover,
a recent study, on the kinetics of heat-induced association of whey proteins
with MFGM, showed that their incorporation reached a plateau (Ye et al.,
2004c). The damage caused at the MFGM by homogenisation, i.e., gaps which
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ought to be refilled, might raise the saturating limit, resulting in greater direct

association of whey proteins with the MFGM.

Before discussing the results obtained for UHPH-treated milk samples, the
difficulties encountered during the isolation of MFGM material should be
emphasised. The reduction of the fat globules provokes an increase of their
density near to that of the serum phase; hence, the use of sucrose during the
centrifugation of milk enhances fat recovery by increasing the density
between the fat and serum phases (Cano-Ruiz & Richter, 1997). Indeed, after
centrifugation, the top layer (cream) of conventionally homogenised-
pasteurised milk was as thick as that of raw milk. However, for UHPH-treated
milk samples, the layer was much thinner, especially at high pressures. In some
cases, a second centrifugation step was performed, but the fat recovery was still
low. Such difficulties resulted in a much laborious handling during the washing
of the cream. Recently, major improvements have been focused on the washing
of cream rather than on the fat recovery (Vanderghem et al., 2008; Le et al.,
2009). Further research on the matter, e.g. using gradient densities, must be

carried out in order to optimise the technique.

The effect of UHPH treatment on the MFGM composition depended on both
the temperature of the milk and the applied pressure. Increasing T; lead to an
increase of the MFGM protein load, except for treatments at 300 MPa.
Although milk UHPH-treated at 200 MPa with T; of 30 °C had similar particle
size than those treated at 300 MPa with T; > 20 °C, differences in the MFGM
protein load of washed creams were observed. In addition, UHPH-treatment at
300 MPa with T; of 20 °C resulted in larger particles but similar MFGM protein
load. In other words, increasing T, from 72 to 76 °C led to a greater
incorporation of proteins at the MFGM without involving a change in the
particle size. However, further increase of T; did not affect the amount of

protein associated to the MFGM.

The adsorption of whey proteins onto the MFGM do not necessary imply
complete denaturation of the proteins; Ye et al. (2004a) suggested that
association of B-LG occurs after the native B-LG dimer dissociates into

monomers, but before the free thiol group is exposed; the thiol-disulphide
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interchange reactions are initiated by free thiol groups of the MFGM proteins,
which become available at lower temperatures (~60 °C) than that of B-LG
denaturation (78 °C). Indeed, some B-LG was observed in washed creams from
all UHPH-treated milk samples. However, when the temperature reached
during UHPH-treatment was > 76 °C, high levels of B-LG and some a-LA were
covalently bonded to the MFGM. In fact, whey proteins have more affinity for
MFGM than for the casein micellar surface (Corredig & Dlagleish, 1996).
Unexpectedly, treating milk with T; of 20 °C at 300 MPa (T, = 76 °C) resulted
in association of B-LG at the MFGM through interactions with casein micelles.
A possible explanation involves the effect that UHPH treatment has on casein

micelles, as will be later discussed.

In contrast to conventional homogenisation-pasteurisation, UHPH treatment
not only provoked direct association of k-CN with the MFGM through
covalent bonding but also that of as- and B-CN. The effect of UHPH on casein
micelles has been recently studied (Sandra & Dalgleish, 2005; Roach & Harte,
2008). UHPH breaks up casein micelles, which results in the formation of
protein complexes in the milk serum that are different from those produced by
heat treatment. The effect of UHPH is to partially remove parts of the casein
micellar surface, and formed protein aggregates contain mainly o,-CN and
whey proteins. Partial disruption of casein micelles could allow the binding of
inner proteins through direct association with the MFGM proteins or by

interacting with whey proteins which in turn associate with the MFGM.

3.5.  Conclusions

UHPH provoked greater reduction of fat globule size than conventional
homogenisation-pasteurisation. The concomitant SSA increase was overcome
by the absorption of non-native MFGM proteins; conventionally homogenised
fat globules adsorbed mainly intact casein micelles whereas in UHPH-treated
milk, especially at high pressures, caseins molecules, released through partial
disruption of casein micelles, were directly bonded to the MFGM material.
Varying levels of whey proteins, especially B-LG, were also adsorbed onto the

MFGM. In conventionally homogenised fat globules, intermolecular disulfide
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bonding with MFGM material was involved. In contrast, for UHPH-treated
milk, in addition to direct interaction with native MFGM proteins, whey
proteins were adsorbed through disulfide bonding with both indirectly and
directly absorbed casein molecules. TEM observations revealed that UHPH,

especially at high pressure, provoked the formation of new chimerical particles.
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Section 111, Chapter 1

Ultra-high pressure homogenisation of milk:
technological aspects of cheese-making and

microbial shelf life of a starter-free fresh cheese

Although the coagulation properties of milk were enhanced by ultra-high pressure
homogenisation (UHPH), the cheese-making properties were somewhat altered; both
conventional homogenisation and UHPH of milk provoked some difficulties at cutting the
curd due to crumbling and improper curd matting due to poor cohesion of the grains.
Starter-free fresh cheeses obtained from UHPH-treated milk showed less syneresis during
storage and longer microbiological shelf-life than those from conventionally treated milk
samples.







1. Ultra-high pressure homogenisation of milk: technological aspects of

cheese-making and microbial shelf life of a starter-free fresh cheese

1.1.  Introduction

Many studies have shown that homogenisation of milk affect the quality of a
great variety of cheeses by altering their composition, i.e., moisture, fat and
protein content, their body and texture, and their colour (see review Jana &
Upadhyay, 1992). However, very few studies have taken into consideration the
technological aspects of the cheese-making process. During the manufacture of
Cheddar and Swiss-type cheeses, homogenising milk at increasing pressures
from 3.5 to 14 MPa resulted in decreasing elasticity of curds at cutting time,
slow whey expulsion and decreasing matting of curds during cooking and
cheddaring (Peters, 1956; Peters & Moore, 1958; Green et al., 1983). In addition,
curds prepared from homogenised milk were brittle, resulting in curd shattering
during stirring (Humbert et al., 1980; Tunick et al., 1993).

Spoilage of food, which can be described as a loss of qualitative properties, is
mostly caused by microorganisms such as bacteria, yeasts and moulds (Hansen
& Bautista, 1999). A wide range of microorganisms are destroyed during
pasteurisation of milk, thus microbiological spoilage and presence of pathogens
in pasteurised-milk products are usually the result of improper heating regimen
or post-pasteurisation contamination through mishandling or improper hygiene
(Ozer, 1999). Since starter-free fresh cheeses have high pH and moisture
content, are produced without starters and stored under refrigeration, spoilage
microorganisms in this cheese variety are related to those found in pasteurised
milk. The principal microorganisms growing and causing spoilage in
refrigerated pasteurised milk are psychrotrophs, e.g. Pseudomonas, Alcaligenes
and Flavobacterium, which most common origin is post-pasteurisation
contamination (Ozer, 1999). However, some thermophilic and mesophilic
bacteria, e.g. thermoduric micrococci and Streptococcus, or endospore-forming
Bacillus, may cause spoilage of heat-treated milk (Ozer, 1999). Concerning
food-borne pathogens, European regulations specify the allowed limits of

Listeria monocytogenes and Staphylococcus aureus (European Commission,
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2005, 2007; see Section | Chapter 2). In addition under these regulations,
Escherichia coli is used as an indicator for the level of hygiene in cheeses
made from milk that has undergone heat treatment (European Commission,
2005, 2007).

From previous results obtained on the coagulation properties (see Section Il
Chapter 1), two conditions were identified as optimum for cheese production,
i.e., 200 MPa at 40 °C and 300 MPa at 30 °C. In addition, the study on the
microbiological quality of UHPH-treated milk conducted by Pereda et al.
(2007) proved that both treatment conditions reduced microbiological counts
down to those obtained by high-heat pasteurisation (90°C for 15 s). However,
the study on lipolysis (Pereda et al., 2008) showed that milk UHPH-treated at
200 MPa with an inlet temperature of 40 °C suffered lipolysis during storage
provoking problems of rancidity. As a consequence, the UHPH conditions for
the production of fresh cheeses were set at 300 MPa with an inlet temperature
of 30 °C.

The two main goals of the present study were (a) to evaluate the cheese-
making properties of milk treated by ultra-high pressure homogenisation
(UHPH) and (b) to determine the shelf-life of the resulting starter-free fresh

cheeses.

1.2.  Material and methods

1.2.1. Milk supply and treatment

Raw whole bovine milk was obtained from a local dairy farm (S.A.T. Can
Bado, Roca del Vallés, Spain). Milk was standardised at 3.5 £ 0.2% (w/v) fat
and kept overnight at 4 °C. Before all treatments, the milk was warmed to
approximately 20 °C. UHPH treatment was carried out by subjecting milk to
300 MPa using the modified model FPG11300 of Stansted Fluid Power Ltd.

(see Section | Chapter 2) at an inlet temperature of 30 £ 0.5 °C. Milk temperature

reached during treatment was 104 + 1 °C at the valve level and 47 + 2 °C
just after the refrigeration system. The outlet temperature of milk never
exceeded 20 °C.
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UHPH (UH) was compared with conventional treatments. Pasteurised
milk (PA; at 80 °C for 15 s) and homogenised-pasteurised milk (HP;
with 15 + 3 MPa at 60 °C, and at 80 °C for 15 s) were chosen since these
treatments are commonly used for cheese-making milk. Two-stage
homogenisation and pasteurisation were performed with a Niro Soavi
homogeniser (model X68P Matr. 2123, Niro Soavi, Parma, Italy) and a
Finamat heat-exchanger (model 6500/010, GEA Finnah GmbH, Ahaus,

Germany), respectively.

1.2.2. Particle size and distribution of milk

The particle size distribution in milk samples was determined using a
Beckman Coulter laser diffraction particle size analyser (LS 13 320 series,
Beckman Coulter, Fullerton, CA) as described in Section 11 Chapter 1. Both

volume- and surface-weighted mean diameters [D(4,3) and D(3,2)] were

determined.

1.2.3. Cheese production

Milk (60 L) was placed in a 150 L-vat and warmed under manual stirring
until coagulation temperature was reached. The pH of the milk was
recorded with a portable pH-meter (PH 25, electrode 50 54 with automatic
temperature compensation, Crison, Alella, Spain) before and after adding
salt (1% v/v) and 35% (w/v) calcium chloride at 0.01% (v/v) in milk.
Coagulation of the milk was performed at 32 °C for 45 min after addition
of recombinant rennet chymosin (Maxiren 180, DSM Food Specialties,
Seclin Cedex, France) at 0.03% (v/v). Curd was manually cut and kept
undisturbed for 15 min at 37 °C. Curd grains of about 1 cm, obtained by
gently stirring for 10 min, were poured into polypropylene moulds (250 g
packaging for Ricotta, ETS A. Coquard, Villefranche-sur-Sadne, France).
Filled moulds were allowed to drain at 7 °C for 90 min, and collected
whey was weighted. Packaged cheeses were kept at 4 °C during the
storage period. The pH of milk and whey were recorded with a portable
pH-meter (PH 25, electrode 50 54 with automatic temperature

compensation, Crison) in order to assess the cheese-making process.

127



STUDIES ON FRESH CHEESE

1.2.4. Coagulation properties

Rennet coagulation properties, such as rennet coagulation time (RCT), rate of
curd firming (RCF), and curd firmness at 45 min (CF), were assessed on-line
with a Gelograph-NT (Gellnstrumente, Thalwil, Sweden), which measures
light transmission; photometric coagulation measurement is based on the
principle of light absorption and scattering in the coagulating milk. Light in the
near infra-red range is passed through the milk specimen and depending on the
structure of this, it will be scattered or absorbed to a greater or lesser extent. A
photo diode detects the transmitted signal and the relative transmission is
evaluated electronically giving a direct measurement for the structure of the
milk specimen. Simultaneously the measuring instrument calculates the first
derivative of this function (change in transmission per time interval) which can

be used as a measure of the rate of coagulation.

1.2.5. Cheese pH and whey expelled during storage

Both packaged cheeses and whey, which remained in the packaging after
taking away the cheese for microbiological analysis, were weighted. The
amount of expelled whey was calculated as percentage of the packaged cheese
weight. The pH was measured with a pH meter (Micro-pH 2001, Crison) on a

cheese/distilled water (1:1) slurry.

1.2.6. Microbial counts

The microbiological quality of milk samples was assessed on day 1. For
cheeses, the analysis was carried out every 2 days until the total counts reached
at least 6 log cfu g*. The whole cheese was transferred into a sterile plastic bag
and manually crushed. Ten grams of homogenised cheese was diluted with
90 mL of sterile peptone water (Oxoid Ltd., Basingstoke, Hampshire, UK), in a
stomacher bag and mixed for 1 min with a Stomacher (400 Circulator, Seward
Ltd., London, UK).

Decimal dilutions of both milk and cheese homogenates were performed
with peptone water, and microbiological counts of total bacteria (TC),
psychrotrophs (PSY), lactococci (LC), lactobacilli (LB), coliforms (COL),
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Escherichia coli (EC), yeasts & moulds (YM), and Staphylococcus aureus (SA)
were determined. The following media and incubation conditions were used
(APHA, 1992): pour-plating in Plate Count Agar (Oxoid) incubated at 30 °C
for 48 h (TC) and at 20 °C for 72 h (PSY); pour-plating in M17 Agar and
Rogosa Agar (Oxoid) incubated at 30 °C for 48 h (LC) and 72 h (LB); pour-
plating in Violet Red Bile Agar (Oxoid) and/or ColilD (bioMérieux S.A.,
Marcy L’Etoile, France), with a covering layer of the same medium, incubated
at 37 °C for 24 h (COL and EC); pour-plating in Rose-Bengal Chloramphenicol
Agar (Oxoid) incubated at 20 °C for 5 days (YM); pour-plating in Baird-Parker
RPF Agar (Oxoid) incubated at 37 °C for 24-48 h (SA).

1.2.7. Screening for pathogens

The design of the experiment included a sensory analysis of the cheeses, thus it
was necessary to ensure that cheeses were free of pathogens. The absence of
Listeria monocytogenes and Salmonella spp. in cheese on day 1 was confirmed
with modified standard methods (1SO, 1996, 2002, 2004).

The method for Listeria monocytogenes entailed a selective pre-enrichment in
half-Fraser broth followed by a selective enrichment in Fraser broth
(bioMérieux) and detection with solid agar plates of Palcam (Oxoid) and
ALOA (AES Chemunex, Bruz, France). Crushed cheese (25 g) and 225 mL of
half-Fraser broth were transferred in a sterile plastic bag and mixed for
1 min with a Stomacher (Seward Ltd.). After 24 h incubation at 30 °C,
subsequent enrichment was done in Fraser broth and incubated at 37 °C for
24 h. The later broth was subcultured by streaking on to the solid agar plates,

which were read after incubation at 37 °C for 24 h.

For Salmonella spp., the pre-enrichment was done with a non-selective broth,
I.e., buffered peptone water, for 24 h at 37 °C. Subsequent enrichment was
done in two selective broths: Rappaport-Vassiliadis with soy and Muller-
Kauffmann Tetrathionate-Novobiocin (bioMérieux). After 24 h incubation at
42 °C and 37 °C, respectively, the selective broths were subcultured by
streaking on to XLD (Oxoid) and SM ID2 (bioMérieux) agar plates. Reading
was carried out after incubation at 37 °C for 24 h.
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1.2.8. Statistical analysis

The complete experiment was repeated on 3 independent occasions. All
analyses were carried out in duplicate. Results were processed by multifactor
analysis of variance (ANOVA) using the general linear models procedure of
Statgraphics (Statgraphics Inc., Chicago, IL, USA), taking into account both
treatment and production factors, as well as their interaction. Either LSD or
Tukey’s tests were used for comparison of sample data, and evaluations were

based on a significance level of P < 0.05.

1.3. Results and discussion

1.3.1. Milk: particle size, microbiological quality and coagulation properties

Both particle size distributions of raw and pasteurised milk samples were
characterised by a main peak at ~4 um and a lower peak at 0.2 um, which
corresponded to fat globules and casein micelle particles, respectively (data not
shown). As expected, both homogenisation treatments altered markedly the
size distribution of milk; in conventionally treated milk, the main peak was
found at ~0.4 um followed by a second peak at 1.5 um. In contrast, UHPH-
treated milk showed only one peak at ~0.1 um. Consequently, both D(4,3) and
D(3,2) of milk differed significantly (P < 0.05) depending on the treatment
(Table 111.1.1). UHPH resulted in significantly lower values than conventional

homogenisation-pasteurisation. The obtained results were in accordance to

previous studies (see Section Il Chapters 1 and 3).

Table III.1.1. Particle size (nm) of raw, pasteurised, pasteurised-homogenised, and
ultra-high pressure homogenised milk samples.

Treatment' D(4,3) D(3,2)
Raw 2,777 172 536 +5°?
PA 2,640 £ 26° 503+9°
HP 494 +1° 327+12°¢
UH 155 + 3¢ 132 + 3¢

¢ Mean value + s.e.; n = 9; values without common superscripts were significantly different (P < 0.05)
by LSD test.

! PA: pasteurisation; HP: homogenisation-pasteurisation; UH: ultra-high pressure homogenisation.
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For total bacteria and psychrotrophs, conventional treatments provoked
reductions of ~2.2 and ~2.7 log cfu mL™, respectively (Table 111.1.2).
Conventional homogenisation-pasteurisation of milk provoked a greater
reduction of lactococci than pasteurisation (2.6 vs. 2.3 log cfu mL™).
Significantly greater reductions were obtained by UHPH treatment,
i.e., reductions of ~3 log cfu mL™. Lactobacilli, coliforms, E. coli, S. aureus,
yeasts and moulds were not detected in either conventionally or UHPH-treated
milk samples. These results are broadly in accordance with those obtained in
previous studies (Pereda et al., 2007; Smiddy et al., 2007).

Table II1.1.2. Milk microbiology (log cfu mL™ milk).

Microbial Treatment’
group' Raw PA HP UH
TC 3.79 £ 0.03? 1.66 +0.10° 1.58 + 0.09° 0.79 £ 0.03°¢
PSY 3.75+0.04° 0.98 +0.19° 1.06 + 0.05" 071+0.11°¢
LC 3.09+0.04° 0.73+0.12° 0.46 +0.11°¢ 0.17 +0.12¢
LB 2.69+0.10° nd.® nd.® n.d.®
coL 250 +0.03? 0.08 + 0.08° nd.® n.d.®
EC 2.13+0.08°? nd.® nd.® n.d.”®
YM 211+0.12° nd.® nd.® n.d.”®
SA 1.75+0.052 nd.® nd.® n.d.”®

#d Mean value + s.e.; n = 6; n.d.; not detected with a detection limit of 1 cfu mL™; values in rows without
common superscripts were significantly different (P < 0.05) by Tukey’s test.

Y TC: total bacteria; PSY: psychrotrophs; LC: lactococci; LB: lactobacilli; COL: coliforms;
EC: Escherichia coli; YM: yeasts & moulds; SA: Staphylococcus aureus.

2 PA: pasteurisation; HP: homogenisation-pasteurisation; UH: ultra-high pressure homogenisation.

Concerning the coagulation properties of milk samples, no significant
differences (P < 0.05) were observed between conventional treatments for RCT
(Table 111.1.3). In contrast, UHPH decreased RCT from 17 min down to 14 min.

RCT obtained in the study on rennet coagulation (see Section Il Chapter 1)

were much lower and were not affected by UHPH at 300 MPa with an inlet
temperature of 30 °C. Rennet concentration used in cheese production was
lower than in the experimental lab studies [0.03 vs. 0.074% (v/v)], resulting in
general longer coagulation time. However, the casein-spreading effect by
UHPH, i.e., higher availability and lower critical level for chymosin action,
resulted in lower RCT in UH-milk than conventionally treated milk samples.

Moreover, conventional pasteurisation-homogenisation led to significantly
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lower RCF compared with pasteurisation, which resulted in lower CF at
45 min. In contrast, UHPH increased RCF, which, combined with lower RCT,
resulted in significantly higher CF compared with pasteurisation treatment.
Such results are in accordance to those of the study on rennet coagulation

(see Section Il Chapter 1).

Table II1.1.3. Coagulation properties of milk’.

Treatment’ RCT (min) RCF (% min™) CF (A%)
PA 17.63 +0.182 0.0052 + 0.0050 ° 417 +0.11°
HP 17.18 £+ 0.212 0.0014 + 0.0035 © 1.19 + 0.08 ¢
UH 13.74 £ 0.24° 0.0105 + 0.0091 ® 8.49 + 0.26 2

*¢ Mean value * s.e.; n = 6; values without common superscripts were significantly different (P < 0.05)
by LSD test.

YRCT: rennet coagulation time; RCF: rate of curd firming; CF: curd firmness at 45 min.
2 PA: pasteurisation; HP: homogenisation-pasteurisation; UH: ultra-high pressure homogenisation.

1.3.2. Technological aspects of cheese-making

The addition of chloride calcium and salt caused a slight decrease in pH
(Table 111.1.4). Rennet coagulation of milk is pH-dependent, with optimum
activity for hydrolysis of the Phejgs-Metygs in x-casein at pH 6.0 (Banks &
Horne, 2002). Decreasing the natural pH of milk also encourages gel formation
by solubilisation of calcium phosphate and a decrease in the charge on the
casein micelles. The slight decrease in pH provoked by the addition of calcium
chloride promotes the primary enzymatic phase of renneting, while the
secondary stage of aggregation is enhanced by calcium addition (Banks &
Horne, 2002). Since no starter was used, further acidification of the milk
was not observed. Whey pH at the end of the production was similar to that
of the initial milk supplemented with salt and calcium chloride. No
significant differences were observed between treatments indicating that all

productions were carried out under the same conditions.

The transfer of milk into the vat provoked great foaming for UH-milk,
which was visually whiter and less viscous than those conventionally

treated. In fact, UH-milk resembled somehow to skim milk. The analysis of
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Table I11.1.4. Milk and whey pH and whey drainage.

Treatment!
PA HP UH
pH Milk 6.59 + 0.06 6.59 + 0.02 6.66 + 0.04
Milk/NaCl/CaCl, 6.48 + 0.01 6.49 + 0.05 6.53 + 0.04
Whey 6.50 + 0.04 6.48 + 0.03 6.49 + 0.01
Drained whey (kg)" 3.45 +0.06 ° 3.14+0.28%® 3.06+0.29°

¥ Mean value + s.d.; n = 3; values without common superscripts were significantly different (P < 0.05)
by LSD test.

L PA: pasteurisation; HP: homogenisation-pasteurisation; UH: ultra-high pressure homogenisation.

" Total amount of whey collected from all cheeses after 90 min of drainage.

milk colour and viscosity performed by Pereda et al. (2007) showed that
UHPH at 300 MPa with an inlet temperature of 30 °C provoked whitening
of the milk by increasing the lightness and decreasing both a and b colour

components, but did not affect the viscosity of milk.

After 45 min of coagulation, some spontaneous expelled whey was observed
at the surface of undisturbed curds from PA-milk. Indeed, syneresis in curd
occurs as coagulation takes place by a change in solubility, and
rearrangement and shrinkage of the network (Walstra et al., 1985).
Although gels formed from UH-milk showed analytically higher firmness,
the cutting was somehow more difficult; some attempts were done in order
to use both horizontal and vertical blade knives, but the former provoked
great destruction of curds from both HP- and UH-samples.

The homogenisation of milk, especially UHPH, provoked lower amounts of
expelled whey (Fig. 111.1.1). Whey obtained from UH-milk was visually
more transparent and greenish than those of conventionally treated samples.
However, during stirring, the curd was somewhat brittle resulting in curd
shattering and a concomitant increase of curd fines in whey. When using
raw or pasteurised milk, two main reasons are responsible for curd
chattering. If it occurs at an early stage, i.e., when cutting the curd, it
indicates that the curd was not firm enough to be cut and a longer
coagulation time would solve the problem. In contrast, if chattering occurs
when stirring the curd, it indicates that the size of the blocks after cutting

were too big, since big grains tend to chatter; thus reducing the size of the
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Figure I11.1.1. Cheese production: cutting of the curd (1% row) and end of the holding time (2" row) from (A) pasteurised, (B) homogenised-pasteurised, and
(C) ultra-high-pressure homogenised milk samples.
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blade knifes would solve the problem. However, in the present study, no
chattering was observed in curds from PA-milk; since it was a peculiarity of
homogenised milk, no changes in the technological process itself were done.

The cohesion of the grains was impaired by UHPH treatment of milk, which
led to difficulties in obtaining homogeneous grains. Moreover, during
moulding, grains did not get completely packed due to poor deformability.
Such difficulties were also found in a lesser extent with HP- milk. Indeed,
many studies have shown that the interactions between fat and casein
provoked by conventional homogenisation lead to weaker rennet curd, curd
shattering, and improper curd matting (Peters, 1956; Green et al., 1983;
Jana & Upadhyay, 1992).

Both homogenisation treatments reduced the amount of whey expelled by
gravitation before storage compared with pasteurisation treatment.
However, the effect of UHPH was much important than that of conventional
homogenisation-pasteurisation (11% vs. 9% reduction, respectively).
Indeed, homogenisation of milk increases moisture content of grains, by
decreasing the amount of whey expelled, and decreases fat losses to whey
(Peters, 1956; Green et al., 1983; Jana & Upadhyay, 1992). The water-
holding capacity and water typology of cheeses are studied in Section Il

Chapter 3.

1.3.3. Cheese pH and whey expelled during storage

Independently of milk treatment, the initial pH of all cheeses ranged from
6.7 to 6.8. These values are in accordance to those obtained by Hernando
(1998) with Burgos cheeses made from pasteurised milk. During the storage
period (13 days for PA- and HP-cheeses, and 19 days for UH-cheeses),
almost no changes in the pH of cheeses were observed (Fig. 111.1.2).
Hernando (1998) observed that the initial 6.78 pH of commercial Burgos
cheeses, made from pasteurised milk, decreased after 14 days of storage at

4 °C, which corresponded to the labelled expiring date.
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Figure II1.1.1. Cheese production: grain formation through stirring (1* row) from (A) pasteurised, (B) homogenised-pasteurised, and (C) ultra-high-pressure
homogenised milk samples, packaging and obtained cheeses (2™ row). (continuation)
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Concerning the amount of whey expelled during storage, significant
differences between treatments were observed already at day 1 (Fig. 111.1.2);
expelled whey represented 17, 10 and 7% of the total weight in PA-, HP- and
UH-cheeses, respectively. During storage, a sharp increase was observed
throughout the first week; since the rate for cheeses from homogenised milk
samples was slightly higher than that of PA-cheeses, smaller differences in the
amount of whey expelled at day 7 were observed, especially between PA- and
HP-cheeses. Moreover, a decrease in the amount of whey expelled between
days 7 and 9 was observed in both HP- and UH-cheeses. Hernando (1998)
estimated whey drainage by centrifugation and observed a slight decrease
during the first week, followed by a great increase during the second week and
no further changes beyond day 14. Although not being comparable to the
results of the present study, since whey drainage was estimated by
centrifugation, these results confirm that by day 7, unknown changes in the
cheese, most probably related to a rearrangement of the cheese matrix, must

have taken place.

Figure II1.1.2. Evolution of whey drainage (solid lines; g 100 g™ cheese) and pH
(dotted lines) in cheeses from pasteurised (light grey), homogenised-pasteurised (dark
grey), and ultra-high-pressure homogenised (black) milk samples.
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1.3.4. Microbiological quality and shelf-life of cheese

Screening for pathogens confirmed that cheeses were free of L. monocytogenes
and Salmonella spp. Moreover, S. aureus and E. coli were not detected
throughout the storage period. UH-cheeses showed the lowest rate of growth of
total bacteria and psychrotrophs (Table 111.2.2 and Fig. 111.1.3), with a
concomitant increase in the shelf-life of cheeses, i.e., when 6 log cfu g™ were
reached, from 11-13 (PA- and HP-cheeses) to 17-19 days. Since cheeses were
stored at ~4 °C, psychrotrophs growth was enhanced resulting in counts close

to those of total bacteria.

Comparison with reference works is difficult since studies on the microbiology
of Burgos cheeses were surveys carried out during 1980s on commercial
Burgos-cheeses randomly collected from retail shops (Chavarri et al., 1985;
Garcia et al., 1987). In both studies, the authors observed that microbial counts
were higher than expected since the cheeses were made from pasteurised milk.
Chavarri et al. (1985) detected total counts of 7.23 and 7.50 log cfu g™ in April
and July, respectively. Higher counts were obtained by Garcia et al. (1987)
ranging from 5.8 to 9.93 log cfu g, with an average of 8.89 log cfu g™. Since
high levels of coliforms and/or enterococci were observed in both studies, the
authors concluded that cheeses were not produced under conditions assuring
microbiological quality. Moreover, temperature monitoring at the retail shops
showed that the temperature of stored cheeses was 11.4 °C on average
(Chavarri et al., 1985).

Concerning specific microbial populations, lactobacilli were not detected
throughout the storage period regardless of the applied treatment. However,
lactococci were the main population among those studied (Table 111.2.2 and
Fig. 111.1.3). Major differences were observed between UH- and cheeses from
conventionally treated milk samples; UH-cheeses showed significantly lower
counts of lactococci than PA- and HP-cheeses on day 1; however, by day 5,
counts did not differ. Pereda et al. (2007) also observed higher counts of
lactococci in UHPH-treated milk during storage at 4 °C from day 14. UHPH

might have triggered some unknown changes in the milk which enhanced the
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Table II1.1.5. Cheese microbiology (log cfu g™ cheese).

Microbial Treatment?
group' Day PA HP UH
TC 1 256 +0.25" 240 +0.14" 1.77 £ 0.13"
5 3.18 +0.60¢ 2.97 +0.33°9 248 +0.10"
9 493 +0.65¢ 4.46 + 0.54 ¢ 3.46+0.24"
13 6.76 £ 0.35° 6.62 +0.33° 5.55 +0.19 ¢
19 - _ - _ 7.07+0.31°
PSY 1 2.38 +0.26 M 2.22+0.20" 1.90 + 0.09'
5 2.73+041" 293+025° 257 +0.10 9"
9 4.31+0.88¢ 457 +0.36 ¢ 3.23+0.37°
13 6.58 + 0.38° 6.39 +0.35° 5.36 £ 0.17 ¢
19 - - 6.90 + 0.28
LC 1 153 +0.21 & 113+0.26°F 0.17+0.17°¢
5 1.74 £ 0.41 8 2.00 + 0.17 %¢ 151 +0.33 8
9 2.39 +0.38 ¢ 3.05+0.39° 2.80 + 0.44 °¢
13 4.45 +0.42° 441 +041° 451 +059°?
19 - - 492 +0.89°
coL 1 0.33 +£0.21 ¢ 0.17 £ 0.17 °¢ n.d. ¢
5 0.82 +0.27°¢ 0.46 + 0.29 °¢ 0.17 £ 0.17 °¢
9 1.21+0.76 *° 1.87 +0.792 n.d. ¢
13 158 +1.002 1.84 +0.822 0.61 + 0.39 Pcd
19 - - 0.17 +0.17 ¢
YM 1 0.43 + 0.27 Pbede 0.43 + 0.27 bede 0.38 + 0.25 Pede
5 0.33 + 0.21 ©d¢ 0.50 + 0.22 bede n.d.®
9 0.90 + 0.57 Ped 1.17 £+ 0.60° 0.17 + 0.17 %¢
13 2.22+0.37°% 0.98 + 0.46 °° 0.50 + 0.22 Pede
17 - - 0.90 + 0.30 P¢d

1 Mean value * s.e.; n = 6; n.d.: not detected with a detection limit of 10 cfu g%; values per microbial
group without common superscripts were significantly different (P < 0.05) by Tukey’s test.

LTC: total bacteria; PSY: psychrotrophs; LC: lactococci; COL: coliforms; YM: yeasts & moulds.
2 PA: pasteurisation; HP: homogenisation-pasteurisation; UH: ultra-high pressure homogenisation.

Figure II1.1.3. Microbial evolution (log cfu g™ cheese) of total bacteria (solid lines)
and lactococci (dotted lines) in cheeses from pasteurised (light grey), homogenised-
pasteurised (dark grey), and ultra-high-pressure homogenised (black) milk samples.
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growth of lactococci in cheese at an early stage of the storage period. As
already mentioned, no differences in the pH of cheeses were observed, thus
pH seemed not to be related to this phenomenon. Heat effect of UHPH has
been proven to be lesser than that of conventional pasteurisation through the
determination of thermal indicators, e.g., hydroxymethylfurfural and total
sulphydryl content of milk (Pereda et al., 2009), thus UHPH could be less
aggressive towards thermolabile compounds, which could act as growth

factors.

Yeast and moulds presented higher variability. However, their general trends
were to increase over time (Table 111.2.2). Lower levels were observed in
UH-cheeses especially at the end of the shelf-life. The composition analysis

of the cheeses (see Section 111 Chapter 2) showed that UH-cheeses had higher

amounts of hexanal and t-2-hexenal than PA- or HP-cheeses; these
compounds have been proven to have an antimicrobial activity against the
fungi Saccharomyces cerevisiae in soft drinks (Belletti et al., 2007) and
Aspergillus flavus in model systems (Gardini et al, 2001), and the yeast
Pichia subpelliculosa in sliced apples. In addition, although typification of
the microorganisms present in cheeses was not performed, it is important to
bear in mind that some bacterial volatiles, e.g., from pseudomonads, prevent
fungal growth by either inhibiting spore germination or mycelium growth
(Kai et al., 2009).

1.4. Conclusions

In contrast to conventional homogenisation, UHPH enhanced the
coagulation properties of milk. However, both homogenisation treatments
impaired to some extent the cheese-making, i.e., difficulty at cutting the
curd due to crumbling and improper curd matting due to poor cohesion of
the grains. During storage, cheeses from UHPH-treated milk expelled less
whey than those from conventionally treated milk samples. In addition,
UHPH of milk resulted in fresh cheeses with longer microbiological shelf
life.
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Section 111, Chapter 2

Evolution in cold storage of a starter-free
fresh cheese made from milk treated by

ultra-high pressure homogenisation

The aims of the present study were to evaluate the effects of using ultra-high pressure
homogenisation (UHPH), as an alternative to conventional treatments applied in the
production of fresh cheese, on the composition and biochemistry of starter-free fresh
cheeses and to monitor their evolution during cold storage. Although both homogenisation
treatments increased cheese moisture content, cheeses from UHPH-treated milk showed
lower whey drainage during storage than those from conventionally homogenised-
pasteurised milk. Lipolysis and proteolysis levels in cheeses from UHPH-treated milk
were lower than those from conventionally treated milk samples. However, in cheeses
from UHPH-treated milk, oxidation was found to be the origin of many volatile
compounds which explained the metallic and cooked milk flavours detected by some
panellists.







2. Evolution in cold storage of a starter-free fresh cheese made from milk

treated by ultra-high pressure homogenisation

2.1.  Introduction

Compositional and biochemical changes in ripened cheese are essential in
order to convert during ripening fresh curds into one of many cheeses differing
characteristically in appearance, taste, aroma, texture and functionality.
Ripening involves three primary events, i.e., glycolysis, lipolysis and
proteolysis, the products of which are modified via various biochemical
reactions. Glycolisis and related events are caused by living microorganisms,
while lipolysis and proteolysis are catalysed mainly by enzymes from rennet,

milk or bacteria (Fox & McSweeney, 2004).

However, starter-free fresh cheeses are ready for consumption immediately
after processing of the curds. In other words, possible biochemical changes
provoked in the milk through processing could drastically alter the
characteristics of the final product. Moreover, compositional and biochemical
changes during storage lead to a decrease in the quality of fresh cheeses since

many of them, e.g. lipolysis, are undesired.

The aims of the present study were to evaluate the effects of using ultra-high
pressure homogenisation (UHPH), as an alternative to conventional treatments
applied in the production of fresh cheese, on the initial composition and
biochemistry of starter-free fresh cheeses and to monitor their evolution during

cold storage.

2.2.  Material and methods

Starter-free fresh cheeses were analysed on the day after production (day 1)
and the expiring day (day 13 for PA- and HP-cheeses, day 19 for UH-cheeses).
UH-cheeses were also analysed on day 13 in order to be compared with

cheeses from conventional treatments.
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2.2.1. Cheese composition

Cheeses were analysed in duplicate for fat (ISO, 1975) and in triplicate for total
solids (TS; IDF, 2004) and total nitrogen (TN; IDF, 2002). Moisture content
(100 — TS) and total protein (TN x 6.38) were calculated. Salt in cheese was
determined in triplicate by chloride analysis (Corning 926 Chloride Analyzer,
Sherwood Scientific Ltd., Cambridge, UK) following the procedure in the

manual of the chloride titrator, and expressed on a dry basis.

2.2.2. Proteolysis

Water-soluble extracts were prepared according to the method of Kuchroo and
Fox (1982). Water-soluble nitrogen at pH 4.6 (WSN), expressed as percentage
of TN, was determined in duplicate by the Dumas combustion method (IDF,
2002). Total free amino acids (FAA) were determined in triplicate on the water
soluble extracts by the cadmium-ninhydrin method described by Folkertsma

and Fox (1992).

pH 4.6-insoluble fractions recovered during the WSN extraction were washed
three times with 1 M sodium acetate buffer (pH 4.6), and the remaining fat was
eliminated by washing with dichloromethane-sodium acetate buffer (1:1 v/v).
The final protein precipitate was then lyophilised. Analyses of total and
individual protein were performed by the Dumas combustion method (IDF,

2002) and capillary electrophoresis, respectively.

Capillary electrophoresis was performed in triplicate following the method of
Recio and Olieman (1996) with an Agilent CE instrument (Agilent
Technologies, Waldbronn, Germany) controlled by Chemstation software
(Agilent). Protein separation was carried out with a fused-silica capillary
column (BGB Analytik, Essen, Germany) of 0.6 m x 50 um interior diameter
with an effective length of 50 cm, by applying a linear voltage gradient from
0 to 20 kV in 3 min at 45 °C, followed by a constant voltage of 20 kV.
Electrophoregrams were obtained at 214 nm and designation of capillary
electrophoresis peaks was carried out by comparing the electrophoregrams

with those of pure standards (Sigma Aldrich, St Louis, MO, USA) and those of
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Recio et al. (1997). Although an intensive cleaning of the pH 4.6-insoluble
fraction was made, total protein content of lyophilised pellets varied
significantly, thus quantification of individual protein was corrected by

dividing the obtained peak areas by total protein.

2.2.3. Lipolysis

Assessment of lipolysis was carried out by qualitative and quantification
analysis of free fatty acids (FFA) according to De Jong & Badings (1990).
Briefly, 1 g of cheese was mixed in a screw-capped plastic tube with 3 g of
anhydrous Na;SOy, 0.3 mL of HySO4 (2.5 M), and 20 pL of internal standard
solutions (heptanoic acid 9.18 mg mL™', and decaheptanoic acid 8.00 mg mL™;
Sigma Aldrich). Then 3 mL of dry diethyl ether/heptane (1:1 v/v) were added,
and the mixture was shaken for 20 s with a vortex mixer. After centrifugation
at 230 x g for 2 min at 20 °C, the supernatant was transferred to a screw-
capped glass tube containing 1 g of anhydrous Na,SO,. This operation was
repeated twice, and the obtained supernatants were homogenised for 10 s using

a vortex mixer.

Isolation of FFA from the ether/heptane extract was done using a solid phase
extraction technique with aminopropyl column Spe-ed NH2 500 mg 3 mL™
(Applied Separations, Allentown, PA, USA). The aminopropyl column was
conditioned with 10 mL of heptane before the lipid extract was applied to the
column. Then hexane/2-propanol (20 mL; 3:2 v/v) was used to eliminate
glycerides, and finally, FFA were eluted with 5 mL of dry diethyl ether
containing 2% formic acid. A direct injection of this solution (1 pL) was used
for gas chromatographic analysis, as described below. Two independent
extractions were carried out for each sample. All organic solvents were
purchased from Panreac (Barcelona, Spain), while formic and sulphuric acids

were acquired from Sigma Aldrich.

Analysis of FFA for each extraction was carried out by duplicate with an HP
6890 Series II gas chromatograph (Hewlett-Packard Inc., Wilmington, DL,
USA) using a fused silica capillary column (30 m % 0.32 mm, 0.25 pum thickness,
DB-FFAP-coated; J&W Scientific, Folsom, California, USA), and a flame-
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ionization detector. Helium, hydrogen and synthetic air were the carrier gases.
The initial column temperature of 75 °C was maintained for 1 min, then raised
to 240 °C at a rate of 5 °C min™', and then held at 240 °C for 21 min. Injection
of 1 ul of the extracted fraction was done in splitless mode and an injector
temperature of 250 °C. The detector temperature was 300 °C. Each fatty acid
was identified with reference to the retention time (RT) of standards (Sigma
Aldrich) as follows: butyric acid (C4:0; 10.624 min RT), caproic acid (C6:0;
15.459 min RT), caprylic acid (C8:0; 19.929 min RT), capric acid (C10:0;
24.014 min RT), lauric acid (C12:0; 27.795 min RT), myristic acid (C14:0;
31.313 min RT), palmitic acid (C16:0; 34.575 min RT), stearic acid (C18:0;
38.667 min RT), oleic acid (C18:1; 39.313 min RT).

Quantification was done with respect to the internal standards; heptanoic acid
(C7:0; 17.674 min RT) was used for short-chain FFA (SCFA; C4:0-C8:0) and
medium-chain FFA (MCFA; C10:0-C14:0), and decaheptanoic acid (C17:0;
36.289 min RT) for long-chain FFA (LCFA; C16:0-C18:1). The relative areas
were expressed on a dry basis (ug 100 g TS).

2.2.4. Lipid oxidation

Hexanal content of cheese determined by GC-MSD (see 3.2.5. Volatile compounds)

was used as an indicator of lipid oxidation. Quantification was achieved using
a standard curve (R*=0.974) of hexanal (Sigma Aldrich) in the range 0-24 ppb
with PA- and UH-cheeses, which showed the lowest and highest areas,

respectively.

2.2.5. Volatile compounds

Volatile compounds in cheese were extracted in duplicate by solid phase
micro-extraction with an 85 um CAR/PDMS fibre (Supelco, Bellefonte, PA,
USA). Prior to use, the fibre was preconditioned at 280 °C for 1 h. A CombiPAL
autosampler (CTC Analytics AG, Zwingen, Switzerland) and a HP 6890
Series II gas chromatograph (GC) equipped with a HP 5973 Mass Selective
Detector (MSD; Hewlett-Packard Inc.) were used.
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Samples with 1.5 g of cheese in sealed vials were pre-equilibrated at 80 °C
for 5 min, and the volatile compounds were extracted at the same
temperature for 60 min. Thermal desorption in the GC injector in splitless
mode was carried out at 280 °C for 1 min. Between runs the fibre was
cleaned for 15 min at 280 °C. Separation of compounds was performed
using a Supelcowax 10 capillary column (60 m x 0.25 mm, 0.25 pm film
thickness, Supelco) with a constant helium flow of 1 mL min™. The oven
temperature was programmed as follows: 40 °C held for 10 min, heated to
110 °C at a rate of 5 °C min'l, then to 240 °C at 15 °C min™ with a final hold
time of 15 min. Initially, the MSD was operated in the full scan mode.
Electron impact ionization was used at a voltage of 70 eV, ion source
temperature of 230 °C, quadrupole temperature of 150 °C and the transfer
line was kept at 280 °C. Mass spectra of different treated samples were

obtained with a scan range m/z 33-220.

Peak identification of resulting chromatograms was performed comparing
retention times and mass spectra of each compound with those of NIST 98
and Wiley 275 libraries. The retention time and a characteristic target ion

were selected for each of the compounds identified.

2.2.6. Sensory analysis

Sensory evaluation of cheeses was performed after 2 days of storage, in order
to ensure microbiological safety. A panel of 12-14 university faculty and staff
members who were familiar with fresh-type cheese were asked to identify and
quantify differences. HP- and UH-cheeses, randomly coded with three-digit

numbers, were compared with PA-cheeses.

Differences in sensory attributes of appearance, texture and flavour were
scored in a 9-point negative to positive scale (0=no differences with control;
1 =minimal differences; 2 =noticeable differences; 3 =considerable differences;
4 = very considerable differences; algebraic sign, i.e., negative or positive,
indicates lower or greater perception). They were also asked to list qualities

and defects in a free-word table (see Annex 1).
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2.2.7. Statistical analysis

The complete experiment was repeated on 3 independent occasions. Data were
processed by multifactor analysis of variance (ANOVA) using the general
linear models procedure of Statgraphics (Statgraphics Inc., Chicago, IL, USA),
taking into account both treatment and production factors, as well as their
interaction. LSD test was used for comparison of sample data, and evaluations

were based on a significance level of P < 0.05.

For sensory data, descriptive statistics, i.e., mean, median, frequency of the
median category, and cumulative frequency of either negative or positive
values depending on the algebraic sign of the median, were calculated. Means
were analysed for significance along with the other measurements as

previously described.

2.3.  Results and discussion

2.3.1. Cheese composition

The basic composition of PA-cheeses (Table I11.2.1) was broadly in accordance
to the composition of Burgos-type cheese (Hernando, 1998; see Section I
Chapter 2). PA-cheeses were characterised by 68% moisture content, 45% fat,
40% protein and 1.5% salt contents on dry basis. During storage, their moisture

content decreased due to whey drainage (see Section III Chapter 2), leading to

a decrease of proteins and salt, since the latter are found as soluble forms in

whey, and a concomitant increase of fat on dry basis.

Both homogenisation treatments affected in different ways the whole
composition of cheeses. On one hand, conventional homogenisation triggered a
drastic increase in moisture content just after production due to changes at the

protein-fat structures and at the water typology (see Section III Chapter 4). The

highest values in protein and salt contents of HP-cheeses at day 1 may be due
to the high moisture content. Indeed, during storage, a drastic decrease of
moisture with a concomitant decrease of both protein and salt content was

observed. During homogenisation, globule fat size is reduced leading to lower
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fat losses during cheese-making (Jana & Upadhyay, 1992). In fact, higher fat
content in HP-cheeses than PA-cheeses was observed. However, during storage
the fat content of the former diminished probably due to changes at the fat

microstructure leading to leakage through drainage or fat degradation.

On the other hand, UHPH treatment also provoked an increase of moisture
content but its level was maintained through storage at the levels of PA-cheeses
at day 1. As will be extensively discussed in the chapter on texture and water

typology (see Section III Chapter 4), UHPH triggered drastic changes in both

the microstructure and the water typology leading to higher water-holding
capacity in UH-cheeses. A part from a relatively important decrease in salt

content, almost no changes were observed during storage in UH-cheeses.

Table II1.2.1. Cheese composition.

Treatment! Moisture Fat Protein Salt
& day (2100 g’ cheese) (g 100 g TS) (2100 g' TS) (2100 g' TS)

PA
1 6739+ 035  4527+135¢ 39.47 £ 0.42° 1.50 £ 0.02 ¢
13 65.19+0.72°¢ 49.16 + 0.96° 37.36 + 0.29 &¢ 126+0.04°
19 - - - -

HP
1 69.94 + 0.32 ° 51.57 +0.89 2 4133 +1.18° 1.56 £ 0.04 "
13 6421 +0.72° 4937 +0.41° 36.72 £ 0.38 ¢ 128 £0.04°¢
19 - - - -

UH
1 68.61 +0.38° 44.44 +1.77¢ 38.07+1.07°¢ 1.59 +0.07 *
13 67.46 + 0.51 ¢ 4714 +£043° 37.76 + 0.44 ¢4 136+0.02¢
19 66.82 + 0.81 ¢ 4551 +2.56¢ 39.29 + 0.86° 136 +0.03 ¢

*f Mean value + s.e.; n = 9 (except for fat where n = 6); values in columns without common superscripts
were significantly different (P < 0.05).

' PA: pasteurisation; HP: homogenisation-pasteurisation; UH: ultra-high pressure homogenisation.

2.3.2. Proteolysis

Proteolysis can be considered as the main biochemical event in most cheese
varieties. Primary proteolysis refers to the extent of native cheese proteins
breakdown, while secondary proteolysis represents the further degradation
leading to the formation of peptides and FAA (Beuvier & Buchin, 2004).
Primary proteolysis is mainly due to the enzyme action of residual coagulant,

i.e., chymosin, and the indigenous enzyme plasmin; most of the water-

W
W
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insoluble peptides in cheese are produced from o4-CN by chymosin or from

B-CN by plasmin (Sousa et al., 2001).

Electropherograms of the different cheeses are shown in Fig. II1.2.1. During
enzymatic coagulation, k-CN (peak 12) is rapidly and specifically cleaved by
chymosin to give para-k-CN (peak 3), and caseinomacropeptide (Lucey,
2002). No statistical differences (P > 0.05) in the amount of para-x-CN were
observed between treatments (Table II1.2.2), and very small amounts of

residual k-CN were observed in all samples.

The principal cleavage site in bovine a5 -CN (peak 9) is Phe,;-Phess, and is
readily hydrolysed by chymosin giving rise to o05-I-CN (05-CN (24-199);
peak 16) and a5-CN f(1-23) (peak 1) (Sousa et al., 2001). The presence of both
degradation products in all cheeses from day 1 showed that some proteolysis
occurred at a very early stage. However, the amount of a5-CN did not vary in
any of the cheeses during storage. Furthermore, no statistical differences
(P > 0.05) on the degree of a5 -CN proteolysis were observed between

treatments.

Plasmin is responsible for the hydrolysis of B-CN yielding y-CN and some
proteose-peptones (Sousa et al., 2001). Peptides from B-CN, i.e., y;-CN (B-CN
£29-209) and v,-CN (B-CN f106-209), were observed in all cheeses already at
day 1 (peaks 7, 8, 10 and 4, 6, respectively), and no statistical differences
(P > 0.05) in y-CN content were observed during storage and between
treatments. Around 70% of plasmin activity in milk is inactivated by UHPH
treatment at 300 MPa and homogenisation-pasteurisation treatment at 90°C for
15 s (Pereda et al., 2008a). Hence, proteolysis of B-CN by plasmin might have

occurred in milk before treatment.

However, a significant decrease in B-CN between day 1 and 13 took place in
all cheeses, with reductions of 35, 23 and 14% for UH, PA and HP-cheeses,
respectively; two unidentified peaks were observed just before those of
B-CN Al (peak 14) and B-CN A2 (peak 15). This phenomenon was more
important in UH-cheeses and the decreases of B-CN Al and B-CN A2 were
negatively correlated (R* = 0.52 and 0.74, respectively) with increases of the
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Figure IIL.2.1. Electropherograms corresponding to cheeses at day 1 from (A)
pasteurised milk, (B) homogenised-pasteurised milk, and (C) ultra-high pressure
homogenised milk (UH), and to (D) UH-cheese at day 19 [1: a-casein (CN) f(1-23); 2:
B-lactoglobulin; 3: para-k-CN; 4: y,-CN C; 5: 0a,-CN; 6: v,-CN A; 7: v;-CN B; 8: y;-CN Al;
9: a4-CN; 10: v;-CN A2; 11: 04-CN; 12: k-CN; 13: B-CN B; 14: B-CN Al; 15: B-CN A2; 16:
05-I-CN; 14 and 15°: B-CN A1 and B-CN A2 degradation products, respectively].

L]
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two unidentified peaks (14’ and 15°). The hydrolysis of B-CN by chymosin
occurs very slowly in cheese and results in a large peptide, B-CN f(1-192) and
a small very hydrophobic and bitter peptide, B-CN £(193-209) (Upadhyay et
al., 2004). Moreover, proteinases from lactic bacteria, such as lactocepins from
a number of Lactococcus strains, can rapidly degrade B-CN at specific cleavage
sites close to that of chymosin, i.e., Leujoo-Tyrjos (Upadhyay et al., 2004).
However, almost no differences on lactococci counts were observed between
treatments, although strain characterisation was not performed. The observed
differences at the rate of B-CN degradation could be due to a conformational

change of the protein making it more available for the enzyme.

Table II1.2.2. Primary proteolysis - Caseins and other proteins or peptides (arbitrary

units).

Treatment'
Day PA HP UH
para-k-CN 1 13.38 + 0.66 * 12.97 £ 0.60 *° 12.00 + 0.33 *P¢
13 11.35 + 1.27 "¢ 11.80 + 0.36 ¢ 11.52 £ 0.45 "¢
19 - - 10.51 £ 0.39 ¢
050-CN 1 18.08 £ 0.59° 18.14 +0.71° 17.06 + 0.65 °*
13 17.27 + 0.85 ¢ 17.45 + 0.74 >° 19.94 +0.95°
19 - - 15.71 £ 0.82°¢
05 -CN 1 42.94 + 133 P 44.70 + 1.52° 43.50 +1.17*°
13 39.72 £ 1.96° 40.67 +2.07 *® 39.54 +2.95 bb
19 - - 4191 +1.86%
0-CN 1 519+044% 515+030% 491 +0.12%°
13 441 +028° 459 +021* 434+030°
19 - - 450 +0.15*°
a,-CN 1 66.22 £ 1.97 ™ 67.99 £2.27° 65.48 £ 1.22*°
13 61.39 +2.52° 62.70 + 2.63 " 63.82 +2.70 *®
19 - - 62.11 £ 2.61*°
B-CN Al 1 2233 +0.86° 2037 +151° 20.85 + 0.61 P
13 17.43 £ 0.96 ¢ 16.81 £0.75°¢ 13.15+ 1.08 ¢
19 - - 1120+ 0.61°
B-CN A2 1 50.89 +2.44° 4528 +2.62° 48.59 +1.17*°
13 38.95+2.5]°¢ 39.40 £2.13°¢ 3227 +£1.99¢
19 - - 2571 +131°¢
B-CNB 1 4.60 +0.36° 425+ 045 4.49 +0.50°
13 3.78 £ 0.54° 3.77+0.50° 257+0.13°
19 - - 2.77+048°
p-CN 1 77.81 +2.53 2 69.89 + 4.17" 73.93 + 1.55 P
13 60.16 + 3.89 ¢ 59.98 +2.95 ¢ 48.00 +2.99 ¢
19 - - 39.68 + 1.89 ¢

*¢ Mean value + s.e.; n = 9; values without common superscripts were significantly different (P < 0.05).

! PA: pasteurisation; HP: homogenisation-pasteurisation; UH: ultra-high pressure homogenisation.
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Table II1.2.2. Primary proteolysis - Caseins and other proteins or peptides (arbitrary

units). (continuation)

Treatment'
Day PA HP UH
11-CN Al 1 339+£0.18° 3.34+£027° 3.55+£032°
13 3.41+028° 3.46 +027° 3.77+0.14°
19 - - 2.56+022°
v,-CN A2 1 1.28+£0.13° 1.06 £ 0.11 *° 0.97 +0.11 %
13 130+ 0.16* 123+0.17° 0.75+0.11 °°
19 - - 0.54 + 0.06
v,-CN B 1 2.52+0.19° 270+0.19° 2.60+0.17°
13 239+0.28° 223+0.20° 2.65+022°
19 - - 271+021°
y -CN 1 7.19+0.31° 710+ 0.49 ¢ 7.12+0.35°
13 7.10 + 0.61 6.93 +0.45 7.16 +0.33 °
19 - - 5.82+0.42°
v,-CN A 1 3.44+037° 337+0.16* 2.59 +0.20°¢
13 341+042° 2.83 +0.26 *¢ 221+028°¢
19 - - 244+024°
y,-CN C 1 0.93+0.08* 0.80 + 0.04 *>¢ 0.81 +0.03 *
13 0.78 + 0.09 >4 0.72 +0.07 "¢ 0.67 + 0.05 ¢
19 - - 0.66 + 0.03 ¢
y-CN 1 4.37+0.39° 4.17+0.19° 3.40 + 0.20 *¢
13 419+ 048 3.54 4027 2.88+0.22°¢
19 - - 3.10+0.23°¢
v -CN 1 11.56 + 0.59 * 11.27 £ 0.53 * 10.53 + 0.48 *"
13 11.29 £1.00* 10.47 + 0.62 *° 10.05 + 0.64 *°
19 - - 8.92 +0.62"
Deg. p-CN Al 1 1.34 +0.18 ¢ 236+045°¢ 1.06 = 0.24 ¢
13 2.07+032° 241+0.52°¢ 3.57+0.33°
19 - - 428 +0.47°
Deg. B-CNA2 1 nd. ¢ 385+1.94°¢ nd. ¢
13 414+1.08° 428+1.16° 9.30 + 0.44°
19 - - 11.88+1.20°
Deg. p -CN' 1 1.34 £ 0.18 ¢ 6.21 £2.36°¢ 1.06 + 0.24 ¢
13 621 +1.37°¢ 6.68 +1.63°¢ 12.88 £0.74"
19 - - 16.17 £ 1.62*
B-LG 1 0.54 £0.05°¢ 0.73 £0.05°¢ 1.91 £ 0.25*°
13 0.43 = 0.05°¢ 0.64 + 0.08 1.90 £0.30°
19 - - 2.28+0.10°

¥ Mean value + s.e.; n = 9; n.d.: not detected; values without common superscripts were significantly

different (P < 0.05).

' PA: pasteurisation; HP: homogenisation-pasteurisation; UH: ultra-high pressure homogenisation.

T Deg.: degradation product.

Plasmin also hydrolyses as-CN (Sousa et al., 2001) producing a peptide which

peak appears just before that of y,-CN C (peak 4) (Recio et al., 1997). Several

small peaks were observed in that position, proving that some os-CN

proteolysis already occurred in milk or at a very early stage of cheese



STUDIES ON FRESH CHEESE

production. However, no differences in the content of ax-CN were observed

between treatments during storage.

Denatured whey proteins can be observed in cheese eletropherograms, with the
two genetic variants of B-lactoglobulin (B-LG) appearing as a double shoulder
(peak 2) on the para-x-CN peak (3) (Recio et al., 1997). The content of this
protein was much higher in UH-cheeses than those of cheeses from
conventionally treated milk samples. Previous studies have shown that UHPH
triggers the denaturation of whey proteins and that B-LG is more affected than
a-lactalbumin (a-LA), with 35% and 12% denaturation, respectively (see

Section II Chapter 1). The amount of B-LG did not vary during storage, except

for an increase in UH-cheeses between day 13 and 19, which might be due to
other proteins that co-migrate with B-LG, such as forms of para-x-CN (Garcia-

Risco et al., 1999).

Secondary proteolysis is the degradation of large-medium casein peptides to
low molecular weight peptides and free amino acids due to proteinases and
peptidases of microorganisms (Rank et al., 1985). Levels of WSN are mainly
influenced by the amount of whey proteins, soluble peptides and FAA. In
cheeses from day 1, no statistical differences (P > 0.05) were observed between
treatments (Table II1.2.3). However, WSN increased in PA- and UH-cheeses
from days 1 to 13. In addition, UH-cheeses showed that an important decrease
in WSN had occurred at some point from day 13 to day 19. The balance
between various factors might have influenced WSN content in cheeses.

Factors directly affecting whey drainage (see Section III Chapter 1), such as

microstructure and water typology (see Section III Chapter 3), may have

played an important role. Moreover, microorganisms (see Section III Chapter 1)

by changing whey composition could also have contributed to the differences

observed between treatments.

Considering FAA content (Table I11.2.3), UH-cheeses showed lower levels
compared to cheeses from conventionally treated milk samples. During
storage, the later showed a trend to increase FAA content. However, in UH-
cheeses, FAA content decreased from day 1 to day 13 and stayed unchanged up
to day 19. The increase of FAA in PA- and HP-cheeses may reflect the
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microbial peptidase activity. However, in UH-cheeses the FAA remained
unchanged when the highest microbial activity was expected (from day 13 to

19; see Section III Chapter 1). FAA content results from the balance between

production and degradation, which in turn depend upon microorganisms in
cheese; amino acid catabolism remains to be fully characterised but recent
studies on lactic bacteria have shown that two major pathways, initiated either
by transamination or amino acid cleavage, seem to be involved (Yvon &
Rijnen, 2001). Both series of reactions are catalysed by microbial enzymes, and
the specificity of the enzymes depends upon microbial species and strain
(Yvon & Rijnen, 2001). Differences in microbial populations might be at the
origin of the differences observed between UH-cheeses and those from

conventionally treated milk samples (see Section I1I Chapter 1).

Table I11.2.3. Secondary proteolysis — Soluble nitrogen and free amino acids'.

Treatment’ SN FAA
& day (g 100 g'1 TN) (mg Leu g'1 cheese)

PA 1 13.78 £ 0.38 " 0.123 + 0.006 ¢
13 14.98 + 0.96 * 0.154 + 0.007 "
19 - -

HP 1 13.48 + 0.57 ¢ 0.146 + 0.004 ©
13 12.96 + 0.48 ¢4 0.191 + 0.022 ®
19 - -

UH 1 14.01 £ 0.64° 0.080 + 0.002 ¢
13 14.85+£0.49° 0.065 + 0.004 °
19 12.40 £ 0.27 ¢ 0.061 £ 0.007 °

*f Mean value + s.e.; n = 6 for SN and n = 9 for FAA; values without
common superscripts were significantly different (P < 0.05).

! SN: soluble nitrogen; FAA: free amino acids.

2 PA: pasteurisation; HP: homogenisation-pasteurisation; UH: ultra-high
pressure homogenisation.

2.3.3. Lipolysis

Lipolysis, or hydrolysis of lipids, is caused by the enzyme lipase which
hydrolises the triacylglycerols. Two main types of lipases may cause problems
in milk and dairy products, i.e., indigenous naturally occurring in raw milk and
bacterial produced by contaminating bacteria (Deeth, 2002). Most, if not all, of

the lipolytic activity in bovine milk, comes from only one lipolytic enzyme,
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lipoprotein lipase (LPL). This enzyme is a glycoprotein with two
N-linked oligosaccharides, which seem to be necessary for its activity. In milk,
LPL is normally associated with the casein micelle through electrostatic and
hydrophobic interactions between LPL and caseins (Deeth, 2006). Milk fat is
enveloped in a biological membrane, the milk fat globule membrane (MFGM),
which facilitates dispersion of the fat in the aqueous phase of milk and also
segregates the fat from milk lipase. The MFGM is an effective barrier to access
by LPL to the fat. A necessary condition for lipolysis is the transfer of LPL
from the skim phase to the water-fat interface via attachment to the MFGM.
Technological operations such as cooling, freezing or agitation of milk enhance
the association of LPL to the MFGM, and together with a concomitant damage
to the MFGM may result in extensive lipolysis (Deeth, 2002).

Homogenisation of milk reduces fat globule size damaging the MFGM and

provoking changes on its composition (see Section II Chapter 3). Both the

incorporation of proteins such as caseins, which brings LPL into intimate
contact with fat, and the increase in fat surface area render fat globules more
susceptible to lipolysis (Deeth, 2006). Moreover, high-pressure homogenisation
appears to activate the enzyme in bovine milk (Datta et al., 2005), but the
mechanism of this activation has not been elucidated. In fact, Pereda et al.
(2008b) observed that an extensive lipolysis occurred in milk UHPH-treated at
200 MPa with an inlet temperature of 30 °C. Probably, the temperature reached
during treatment together with the short time at which milk was subjected to
this temperature was not high enough to inactivate completely the LPL.
However, higher temperatures (from 85 °C to 100 °C), reached by increasing
either the inlet temperature of milk to 40 °C or the pressure of the treatment to
300 MPa, resulted in a drastic decrease of lipolysis down to the values obtained
for raw and homogenised-pasteurised (90 °C for 15 s) milk samples (Pereda et
al., 2008b). LPL 1is relatively unstable to heat. The inactivation varies
according to the severity of the heat treatment; pasteurisation at 70°C for 15 s
results in a residual activity of 2% but complete inactivation is reached at 75 °C

for 15 s (Beuvier, 2004).
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In the present study, statistical differences (P < 0.05) between treatments were
observed for total FFA and for almost all individual FFA (Table II1.2.4).
Unexpectedly, a reduction of total FFA in both HP- and UH-cheeses (25 and
43%, respectively) was observed in comparison to PA-cheeses. This reduction
could be related to the homogenisation intensity and to the changes produced
by these technologies on milk fat globules. Possibly, the rearrangement of the
globule surface by adsorption of casein micelles (or fragments) and whey

proteins (see Section II Chapter 3) resulted in the loss of FFA by binding with

milk proteins. Whey proteins B-LG and serum albumin, and some milk fat
globule membrane proteins are able to bind fatty acids. In addition, LPL is
inactivated by oxidising agents (Shakeel-ur-Rehman & Farkye, 2002). Indeed,
greater oxidation was observed in HP- and UH-cheeses than PA-cheeses (see

2.3.4. Oxidation), thus the presence of oxidising agents in homogenised milk

samples could have partly inactivated LPL resulting in lower FFA content than

in PA-cheeses.

During cold storage (up to day 13) a reduction of total FFA in PA- and HP-
cheeses was observed possibly due to the catabolism of FFA in other
compounds such as methyl-ketones, secondary alcohols and lactones (see

2.3.5. Volatile compounds). In contrast, for UH-cheeses, the evolution of FFA

concentration during storage was steady, indicating a higher storage capacity in
comparison with PA- and HP-cheeses on respect to lipolysis. Similar results
have been obtained with UHPH-treated milk by Pereda et al. (2008b). The
incorporation of caseins and whey proteins would render fat globules less
susceptible to microbial lipases, thus reducing the overall lipolysis during
cheese storage. This fact could explain the lower lipolysis observed in HP-

cheese related to PA-cheese, and the constant levels of FFA in UHPH-cheese.

In UHPH-treated milk (Pereda et al., 2008b), butyric (C4:0), caproic (C6:0),
caprylic (C8:0), capric (C10:0), lauric (C12:0), myristic (C14:0), palmitic (C16:0),
stearic (C18:0), oleic (C18:1) and linoleic (18:2) acids were identified. In the
present study, SCFA and some MCFA (C4-C10) were not observed by GC
analysis in cheese, but were detected at the analysis of volatile compounds by

GC-MSD. Recent studies on Caciotta and Crescenza cheeses have also shown
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such differences between the two analytical methods (Lanciotti et al., 2004;
Lanciotti et al., 2006; Burns et al., 2008). SCFA, which are present at very low
concentrations in milk (Pereda et al., 2008b), are partly soluble in water and
might be lost to some extent during whey drainage. The extraction for the
analysis of volatile compounds was performed at a very much higher
temperature than that of FFA, 80 °C vs. room temperature, and might have

enhanced the extraction of remaining SCFA.

Table II1.2.4. Free fatty acids (ug FFA 100 g TS).

Treatment'
Day PA HP UH

C12:0 1 11.87 3302 6.48 +3.28° nd.©

13 n.d.*® nd. € n.d.®

19 - - n.d.®
C14:0 1 31.63+2.10% 22.63+4.77° 1332+ 4.05¢

13 33.48 £2.73% 19.83 + 0.68° 1123 +3.87°¢

19 - - 3.06+1.5349
C16:0 1 101.03 £5.35% 70.23 £ 3.07° 5736+ 1.61°

13 101.64 £523% 72.74 + 3.08° 53.80 + 4,32 ¢4

19 - - 50.60 + 0.60 ¢
C18:0 1 104.48 £ 2.69 * 96.69 + 3.43° 09.97 + 2.54 &b

13 83.22 +4.722°¢ 79.55 + 6.62 ¢ 87.88 +9.44°

19 - - 88.51 +1.62°¢
C18:1 1 52.61 £3.49° 31.07 £3.91°¢ nd.©

13 6021 + 4552 3037 +1.40°¢ 1626 + 432 ¢

19 - - 591 +3.65¢
Total FFA 1 301.62 + 13.93* 227.09 £9.29 ¢ 170.64 + 7.11°¢
L (C12-C18:1) 13  278.56 +10.41° 202.49 + 9.89¢ 169.16 + 19.34 ¢

19 - - 148.08 + 4.45°

*f Mean value £ s.e.; n = 9; n.d.: not detected; values per compound without common superscripts were
significantly different (P < 0.05).

! PA: pasteurisation; HP: homogenisation-pasteurisation; UH: ultra-high pressure homogenisation.

Concentrations on a wet basis of identified FFA in HP-cheeses were generally
in accordance with those obtained in milk (Pereda et al., 2008b), with the
exception of stearic acid (C18:0); much greater values were observed in cheese
than in milk, resulting in higher amounts of stearic acid (C18:0) than oleic acid
(C18:1) in cheese. Although not being common, higher amounts of stearic than
oleic acid were also observed in Crescenza cheeses from pasteurised milk
(Burns et al., 2008). Owing to the fact that cheeses presented great variation on

their moisture content (see 2.3.1. Cheese composition) and that MCFA and
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LCFA are rather insoluble in water (Deeth, 2002), FFA content was expressed
on a dry basis (Table III.2.4). Stearic acid (C18:0) followed by palmitic acid
(C16:0) were the most abundant FFA in all cheeses. The amount of saturated
FFA tended to decrease or to not change during storage. In contrast, oleic acid
(18:1), a mono-unsaturated fatty acid, tended to increase in PA- and
UH-cheeses. As will be afterwards discussed, the amount of FFA in cheese

depends upon a balance between formation and degradation.

2.3.4. Oxidation

Lipid oxidation is a chain reaction involving initiation, propagation and
termination stages. The initiation reaction involves the generation of fatty acid
radicals (alkyl radicals) due to the removal of a hydrogen atom in an
unsaturated fat molecule. Although the detailed mechanism of formation is not
fully understood, factors such as light exposure, metal catalyst, heat, and active
oxygen species influence the formation of alkyl radicals. These radicals are
extremely reactive and can combine with molecular oxygen and another
unsaturated fatty acid molecule to generate the corresponding hydroperoxide
and a new alkyl radical. Hydroperoxides, which are the primary oxidation
products, degrade to produce volatile secondary oxidation products, many of

which result in off-flavours (O’Brien & O’Connor, 2002).

Methods for quantifying lipid oxidation are usually based in the measurement
of hydroperoxides (peroxide value) or substances that react with thiobarbituric
acid (TBARS). However, hydroperoxides may not correlate well with the level
of off-flavour since during the course of lipid oxidation, peroxide values reach
a peak and then decline (O’Brien & O’Connor, 2002). Many substances, such
as ketones, ketosteroids, acids, esters, sugars, imides and amides, amino acids,
oxidized proteins, and pyridines and pyrimidines, are TBARS (Fenaille et al.,
2001). Since aldehydes, such as hexanal, are common secondary oxidation
products with thresholds generally lower than ketones, their concentration
might be used as an indicator of lipid oxidation and oxidised off-flavour. From
day 1, UH-cheeses showed higher amounts of hexanal than cheeses from
conventionally treated milk samples (Table I11.2.5). A previous study on lipid
oxidation in UHPH-treated milk (Pereda et al., 1008b) showed that at 300 MPa,
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the amount of secondary oxidation products, such as TBARS and hexanal, was
statistically higher than that of milk homogenised-pasteurised at 90 °C for 15 s.
Higher TBARS and hexanal values, together with lower hydroperoxides
values, indicated in the mentioned study the progression of oxidation from a

primary to a secondary state in UHPH-treated milk at 300 MPa.

Table I11.2.5. Hexanal content of cheeses (ppb).

Treatment' Day
1 13 19
PA 0.68 £0.26 1 245+0.72°¢ -
HP 1.37 +0.39 %4 1.23 +0.24 ¢ -
UH 10.85+1.99% 8.75+129" 8.01+1.07°

*d Mean value + s.e.; n = 6; values without common superscripts were significantly different (P < 0.05).
! PA: pasteurisation; HP: homogenisation-pasteurisation; UH: ultra-high pressure homogenisation.

Milk fat globule membrane (MFGM) is a focal point for oxidation since
phospholipids of the membrane are in close proximity to pro-oxidants.
Oxidation, initiates in the MFGM, propagates into the fat globule core resulting
in generalised oxidation of milk fat triglycerides. Xanthine oxidase (XO) has
been proposed as partially responsible for the susceptibility of the membrane to
lipid oxidation (O’Brien & O’Connor, 2002). However, the study on the

MFGM composition (see Section II Chapter 3) revealed that some native

MFGM proteins, such as XO, were partly removed during homogenisation
through the incorporation of caseins and whey proteins. Nevertheless, both
resurfacing of the fat globules, especially with caseins, and the partial transfer
of unsaturated phospholipids from the MFGM to the aqueous phase inhibit
lipid oxidation (Dunkley et al., 1962; Huppertz & Kelly, 2006). Indeed, the
levels of hexanal increased in PA-cheeses, but did not vary in HP-cheeses

during storage.

Although UHPH also triggers changes at the MFGM (see Section II Chapter 3),

lipid oxidation occurs. Thus, an opposite mechanism must be at its origin. As
previously mentioned, metals catalyse the formation of alkyl radicals. Small

amounts of metal ions can generate large number of reaction chains by cycling
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between the oxidised and reduced forms. The juxtaposition of a copper-protein
complex with the phospholipids of the MFGM appears to be an important
factor (O’Brien & O’Connor, 2002). Contamination with metals may be due to
a transfer from the equipment pieces, e.g., non-return valves and seals, to the
milk. Moreover, added metals interact less with milk proteins, which modulate
their pro-oxidant effects, than indigenous metals. Since the decomposition of
hydroperoxides is catalysed by pro-oxidant metals (O’Brien & O’Connor,
2002), high level of hexanal is an excellent indicator of lipid oxidation due to
metal contamination (Marsili, 2002). In addition, oxygen is a requirement for
oxidative deterioration of lipids. Both a modification of the equipment pieces
and a removal of oxygen from milk or its replacement by an inert gas just

before treatment may reduce lipid oxidation during UHPH.

The role of oxidation in both proteolysis and lipolysis has been already

described (see 2.3.2. Proteolysis and 2.3.3. Lipolysis) and will be further

commented when describing the volatile profiles of cheeses in the next section.

2.3.5. Volatile compounds

In UH-cheeses, forty six compounds were identified by their RT and
characteristic ion, which included 5 fatty acids, 8 ketones, 9 aldehydes,
8 alcohols and 16 miscellaneous compounds. However, only 37 compounds were
detected in cheeses from conventionally treated milk. In Tables 111.2.6-10, the

identified compounds are listed by chemical group.

Since SCFA are much volatile than MCFA and LCFA, only SCFA were
identified in the headspace of cheese samples by GC-MS (Table 111.2.6). All of
them have been previously reported in different cheese varieties (Le Quéré &
Molimard, 2002; Van Leuven et al., 2008). In general, HP-cheeses showed higher
amounts than PA- and UH-cheeses. In cheeses from conventionally treated
milk samples, the general trend was to increase during storage. Cold storage of
milk provokes a shift in the main microbial population from lactic acid bacteria
to psychrothrophic bacteria, such as pseudomonads; many of these produce
extracellular lipases which can cause lipolysis (Deeth, 2002). Indeed, Pereda et

al. (2008b) attributed to Pseudomonas spp. the increase of lipolysis in UHPH-
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treated milk. Although pseudomonads were not studied in cheese as specific
microbial group, at day 13, psychrotrophs were 2 log higher than lactococci in
cheeses from conventionally treated milk samples, and 1 log higher in

UH-cheeses (see Section III Chapter 1). Hence, microbial lipases might be the

cause of the SCFA increase in PA- and HP-cheeses during storage. Moreover,
the greater values obtained in HP-cheeses could be explained by a greater
susceptibility of fat globules to lipolysis due to damage during homogenisation.
Lanciotti et al. (2006), working with high-pressure homogenisation at 100 MPa,
reported an increase in butanoic, hexanoic, octanoic and decanoic acids
between day 1 and day 13 in Caciotta cheese. In contrast, in this study and for
UH-cheeses, although no statistical differences were found, fatty acids tended
to decrease during the first 13 days. Differences in both the temperature-
pressure conditions and the type of homogeniser could explain these
contradictory results. Butanoic acid, which has a rancid taste, was the volatile
FFA detected with the highest concentration in all samples. Volatile acids play

a role in cheese flavour by themselves (see 2.3.6. Sensory analysis) and serve

as precursors of methyl-ketones, alcohols, lactones and esters (Deeth & Fitz-

Gerald, 1994).

Table I11.2.6. Volatile compounds — Fatty acids (arbitrary units).

Treatment'
Fatty acids Day PA HP UH
Butanoic acid 1 427.0 £ 55.3°¢ 788.0 £ 96.9° 655.8 + 155.3 >¢
13 452.7+£595°¢ 1,649.5 + 265.8 4498 + 64.1°¢
19 - - 477.0+£518°¢
Hexanoic acid 1 3548 +£27.6° 7502 + 64.1° 593.1+56.6°
13 3682+ 114.7%  1,530.6 + 135.0° 4892 + 403 ¢
19 - - 549.8 +51.4°
Octanoic acid 1 155.1 £20.6 ¢ 270.1 + 65.6° 1514+515°¢
13 188.3 + 67.1 ¢ 4679 +47.6*° 96.4+13.7°¢
19 - - 109.7 £57.5°¢
Nonanoic acid 1 101.7 £ 44.1% 1189 +£533% 139.5 +80.7%
13 2291+ 111.7°% 1682 +57.7% 129.5+ 502
19 - - 1042 £ 87.5%
Decanoic acid 1 392+£46° 743 +31.2%° 27.9+19.0°
13 66.8 +31.3%° 1129 +£256% 17.6 £9.0°
19 - - 263 +18.8°

*¢ Mean value + s.e.; n = 6; values per compound without common superscripts were significantly

different (P < 0.05).

! PA: pasteurisation; HP: homogenisation-pasteurisation; UH: ultra-high pressure homogenisation.
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Ketones were by far the most abundant group of volatile compounds in fresh
cheese (Table II1.2.7). All identified ketones have been widely reported in
cheese (Le Quéré & Molimard, 2002; Hayaloglu & Brechany, 2007; Van Leuven
et al., 2008; Hayaloglu, 2009). Acetone was the most abundant ketone in all
cheese samples. This compound is thought to be derived from cows’ feed
(Gordon & Morgan, 1972). Pereda et al. (2008c) working on milk from the
same farm as in this study, also reported acetone as the most abundant
compound in milk. Similar to fatty acids, as the methyl-ketone chain length
increased, the concentration decreased due to a decrease in the volatile
character of the molecule. UH-cheeses showed higher amounts of 2-butanone,

2-pentanone and 2-heptanone than cheeses from conventionally treated milk.

Table I11.2.7. Volatile compounds — Ketones (arbitrary units).

Treatment!
Ketones Day PA HP UH
Acetone 1 13,360.6£2,1252% 99589 + 1,680.3 % 13,604.3 +2,734.5°
13 13,642.8+2215.6° 9,062.8+ 12629 11,263.8+1,989.1°
19 - - 11,051.4 +2,204.4°
2-Butanone 1 53526+1,552.6° 5263.9+1,493.8° 11,450.0+2,185.2°
13 3,848.5+283.5% 34288 +399.0¢ 8,460.9 + 1,339.7°
19 7,375.2 £ 855.3°

2-Pentanone

1

5,071.1 £277.3 ¢

5,600.7 + 578.2 ¢

7,516.5+410.2°

13 7,086.8 +208.7*°  6,390.3 +£380.7%  7,4159+618.8"
19 - - 7,851.5 £ 696.2°
2-Heptanone 1 694.3 +50.2 ¢ 1,680.2 £390.5>¢  2,504.8 £ 523.7°
13 2,3683+621.2° 2,376.4 + 823.2° 2,572.5 +581.5°
19 - - 4271.1 +765.6°
2-Octanone 1 38.1+53° 41.1 +10.8° 78.6 +16.4°
13 529+63° 41.1 +8.6° 51.5+89°
19 - - 238.5+948°
2-Nonanone 1 176.8 + 14.2° 141.1+13.9° 157.6 £24.5°
13 4273+959° 3457+ 116.8° 213.5+49.0°
19 - - 1,784.3 + 983.2 *
2-Undecanone 1 27.8+£9.9 0% 34.0 £2.30b¢ 26.1 +3.2 54
13 584+91°% 13.3 +8.4°¢ 6.6+42¢
19 - - 459 +18.5*°
Acetophenone 1 nd. ¢ 0.5+0.3" 33+1.6°
13 0.7 +0.4°¢ 1.9+0.92 33+2.1°
19 - - 0.7 +0.7°¢

*d Mean value + s.e.; n = 6; n.d.: not detected; values per compound without common superscripts were
significantly different (P < 0.05).

! PA: pasteurisation; HP: homogenisation-pasteurisation; UH: ultra-high pressure homogenisation.
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Both autoxidation and thermal oxidation reactions can generate these
compounds through oxidation of free fatty acids to B-ketoacids and their
subsequent decarboxylation to the corresponding methyl-ketones with one
carbon atom less (Adda et al., 1982; McSweeney & Sousa, 2000). Ketones are
intermediate compounds, which may be reduced to 2-alkanols, thus their levels
depend on the balance between production and degradation (Beuvier &
Buchin, 2004). Due to their typical odours and their low perception threshold,
ketones, and especially methyl-ketones, are primarily know for their
contribution to the aroma of cheese; they have been correlated with fruity,

floral, musty and blue cheese notes (Curioni & Bosset, 2002).

Aldehydes were characteristic of UH-cheese profiles (Table II1.2.8.). Both
straight- and branched-chain aldehydes were identified. However, in cheeses
from conventional treatments only straight-chain aldehydes, i.e., hexanal,
octanal and nonanal, were observed, and their amounts were statistically lower
than in UH-cheeses. UHPH triggers the formation of aldehydes in milk (Pereda
et al., 2008c). Aldehydes, together with ketones, are the major secondary
products of autoxidation of unsaturated fatty acids; straight-chain aldehydes
originate from the B-oxidation of unsatured fatty acids (Beuvier & Buchin,
2004). Other aldehydes, mainly branched, originate from amino acids either by
transamination, leading to an imide that can be decarboxylated, or by a non-
enzymatic browning via Strecker’s degradation (Le Quéré & Molimard, 2002).
Aldehydes are transitory compounds in cheese; due to enzymatic activities of
microorganisms, they are oxidised to acids or reduced to alcohols (Beuvier &
Buchin, 2004). Due to their low perception threshold, aldehydes could play a

very important role in the flavour of UH-cheeses (see 2.3.6. Sensory analysis).

They are characterised by green-grass-like and herbaceous aromas (Moio et al.,
1993), but become very unpleasant when their concentrations exceed certain
thresholds (Curioni & Bosset, 2002). Hexanal and t-2-hexenal give the green
note of immature fruit, while octanal and nonanal are described as having an
aromatic note resembling orange (Le Quéré & Molimard, 2002). Branched-
chain aldehydes 3-methylbutanal and 2-methylbutanal, which originate from
leucine and isoleucine, respectively, are responsible for unclean and harsh

flavours in Hispanico cheese (Garde et al., 2002).
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Table I11.2.8. Volatile compounds — Aldehydes (arbitrary units).

Treatment!
Aldehydes Day PA HP UH
Butanal 1 nd. ¢ nd. ¢ 102.7 + 149
13 nd. ¢ nd. ¢ 65.8+4.0°
19 - - 497 +£85°
2-Butenal 1 nd.® nd. ¢ 1093 £41.0°
13 nd. ¢ nd. ¢ 110.4 +£20.7°
19 - - 653 +13.5°
2-Methylbutanal 1 nd.® nd. ¢ 265.5+32.3"°
13 nd.® nd.® 2113 +40.8°
19 - - 177.7 £21.2°
3-Methylbutanal 1 nd. ¢ nd. ¢ 552.4+£90.7°
13 nd. ¢ n.d. ! 498.4 +96.9°
19 - - 353.6 £455°¢
Hexanal 1 1342 +35.4 ¢ 227.2 +52.4 4 1,496.6 + 266.3
13 371.9 + 96.0 ¢¢ 2082 +325°¢ 1,2164+173.0°
19 - - 1,116.4 + 143.0°
t-2-Hexenal 1 nd.® n.d.® 305+8.6°
13 nd.® nd.® 441+50°
19 - - 33.5+52°
2-Heptenal 1 nd.® nd.® 273+44°
13 nd.® nd.® 247 +34°
19 - - 269+35°
Octanal 1 1.6+1.1° 8.0 +3.3°¢ 416+ 124°
13 8.9+4.1° 1.8+09° 156+5.5°
19 - - 6.5+6.1"¢
Nonanal 1 113+24° 116 +2.0° 383+13.0°
13 21.6+43% 113+23° 22.8+45%
19 - - 192+£2.6°

*d Mean value + s.c.; n = 6; n.d.: not detected; values per compound without common superscripts were
significantly different (P < 0.05).

! PA: pasteurisation; HP: homogenisation-pasteurisation; UH: ultra-high pressure homogenisation.

All eight identified alcohols (Table I11.2.9) were also detected in two recent
studies with ripened cheeses (Hayaloglu & Brechany, 2007; Hayaloglu, 2009).
Primary alcohols such as 1-butanol, 1-pentanol, 1-hexanol, 1-heptanol and
l-octanol are produced mainly by the reduction of aldehydes (Arora et al.,
1995; Moio & Addeo, 1998) and they impart alcoholic, sweet, and fruity notes
in cheese (Barron et al., 2005). Cheeses from UHPH-treated and conventionally
homogenised milk samples had higher concentration of butanol and pentanol
compared with PA-cheeses. However, for the rest of alcohols, UH-cheeses
presented higher amounts than cheeses from conventionally treated milk
samples. The presence of precursors and a decrease of the redox potential in
UH-cheeses may be the reason of such differences. Some alcohols arise either

from the Erhlich’s amino acid metabolism pathway or from aldehyde
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degradation, which are derived from the Strecker’s amino acid degradation

pathway (Le Quéré & Molimard, 2002). Peptide degradation to amino acids can

be achieved by aminopeptidases and carboxypeptidases (see 2.3.2. Proteolysis);
oxidative deamination of amino acids is ensured by oxydoreductase, which can
either be dehydrogenases or oxidases. Branched primary alcohols, are formed
by the catabolism of branched-chain amino acids initiated by an
aminotransferase (Atiles et al., 2000; Marilley & Casey, 2004). Morales et al.
(2003) reported that the production of large amounts of branched-chain
aldehydes and alcohols during manufacture and storage of fresh cheese is
common when wild strains of Lactoccocus lactis are present. Specifically,
3-methylbutanol is formed from the conversion of the aldehydes produced
from catabolism of leucine (Engels et al., 1997). This compound gives an
alcoholic and fruity note and confers a pleasant aroma of fresh cheese (Moio et
al., 1993). No secondary alcohols, which are formed by the enzymatic
reduction of methyl-ketones (Le Quéré & Molimard, 2002), were detected.

Table I11.2.9. Volatile compounds — Alcohols (arbitrary units).

Treatment'
Alcohols Day PA HP UH
1-Butanol 1 nd.® 51.7+213° 55.1+£19.3%
13 nd.® 476 +21.6° 60.7 +19.2°
19 - - 459+192°
1-Pentanol 1 21.7+39° 549+ 152° 71.1+13.9°
13 572+1.0% 53.1+11.9° 65.4+12.8°
19 - - 692 +8.8°2
1-Hexanol 1 244+274 39.5+6.1¢ 212.7+398°"
13 100.6 £27.4°¢ 432 +6.1¢ 2284 +51.5°
19 - - 323.0+532%
1-Heptanol 1 77+1.0°¢ 9.1+1.2¢ 247+3.6"°
13 156 +2.7°¢ 84+ 161 209+4.0°
19 - - 24.6+3.5°
1-Octanol 1 10.7+52° 10.7+7.0° 81.7+39.1%
13 143 +10.5° 21+21° 215+ 156"
19 - - nd.®
2-Ethyl 1-hexanol 1 33+£2.1° 39+26° 373+£9.0°
13 242 +88° 13.4+8.1°5 253+ 11.1%°
19 - - 20.0 +12.0°
3-Methyl 1-butanol 1 199+3.1° 247+60° 483 +13.4°
13 343 +3.1%° 252+52° 46.5+92°
19 - - 441 +104°
2-Butoxyethanol 1 402+16.1¢ 233.1+147.8° 77.6 £ 34.3 4
13 40.1 2239 2035+ 164.2% 85.9 +388°¢
19 - - 85.7+31.7°¢

*d Mean value £ s.e.; n = 6; n.d.: not detected; values per compound without common superscripts were

significantly different (P < 0.05).

"' PA: pasteurisation; HP: homogenisation-pasteurisation; UH: ultra-high pressure homogenisation.
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The synthesis of esters is accomplished by two enzymatic mechanisms,
i.e., esterification and alcoholysis. The former is a reaction in which esters are
formed from alcohols and carboxylic acids, while the latter, a transferase
reaction in which fatty acyl groups from acylglycerols and acyl-CoA derivates
are directly transferred to alcohols (Liu et al., 2004). These reactions are well
known as a system for media detoxification against toxic alcohols and fatty
acids. Esters appear during the early stage of ripening mainly due to yeasts, and
contribute to cheese flavour by minimising sharpness of fatty acids and
bitterness of amines (Le Quéré & Molimard, 2002). The only identified ester was
ethyl acetate (Table I11.2.10). At day 13, PA- and HP-cheeses presented higher

concentrations than UH-cheeses. The microbiological analysis of cheeses (see

Section III Chapter 1) showed that cheeses from conventionally treated milk
samples had higher counts of yeasts than UH-cheeses; hence the differences in

yeasts counts could explain the differences in ethyl acetate content.

A number of miscellaneous compounds were identified in fresh cheese
(Table II1.2.10), some of which have been previously reported both in milk and
in cheese (Calvo & de la Hoz, 1992; Le Quéré & Molimard, 2002). Hydrocarbons
are secondary products of lipid autoxidation and are precursors for the
formation of other aromatic compounds (Arora et al., 1995). Benzaldehyde was
the most abundant benzene compound in UH-cheeses. In contrast, in cheeses
from conventionally treated milk samples the most abundant benzene
compound identified was toluene. This compound originates from the
degradation of B-carotene in milk (Contarini et al., 1997). Alkanes have been
found in the volatile fraction of cheeses (Thierry et al., 1999), usually at low
concentrations. Undecane was the only alkane identified in all samples, but it
showed higher concentrations in UH-cheeses than those from conventionally
treated milk. The heterocyclic aromatic compound pyrrol has not been
previously reported either in milk or in cheese; in this study, the peak areas of
this compound in cheeses from conventionally treated milks were close to the
detection limit, but were quantified due to the fact that UH-cheeses presented

large areas. As previously mentioned (see 2.3.4. Oxidation), UHPH increased

lipid oxidation resulting in formation of hydrocarbons.
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Table I11.2.10. Volatile compounds — Other (arbitrary units).

Treatment!
Day PA HP UH

Esters

Ethyl acetate 1 149.0 + 89.5° 721.3 £510.3 2 1533 +1383%
13 1,763.4+7084°%  1,801.7 +706.9* 969.3 + 619.6 °
19 - - 3,406.5 = 3,103.8 °

Sulphur compounds

Carbon disulphide 1 304.1 £559° 184.5+13.9° 90.9 + 16.3 4
13 188.9+56.0° 111.6 £18.9° 52.6+4.1"¢
19 - - 50.0 £12.1¢

Methanethiol 1 n.d.® nd. ¢ 100.3 £26.3°
13 nd.® nd.® 612+13.5°
19 - - 66.7 £13.9°

Dimethylsulphide 1 2259+ 61.6° 98.1 £22.7° 148.7 + 65.3 *°
13 62.6+9.1° 1143 £43.1 62.0+14.0°
19 - - 72.4 £44.0°

Dimethylsulphone 1 519.9 + 85.4 "¢ 656.0 £ 157.1° 644.1 £113.3°
13 5712+68.5% 5752 +85.7* 522.5+77.55¢
19 - - 456.3 £ 56.0 ¢

Dimethyldisulphide 1 nd. ¢ nd. ¢ 405.0 £ 122.7°
13 nd. ¢ nd. ¢ 275.6 +81.5°
19 - - 190.1 £52.1°¢

Alkanes

Undecane 1 12.7 +4.8°¢ 32.4 +16.0°° 97.8 + 60.0°
13 75+48°¢ 172+ 6.9°¢ 473 +26.8°
19 - - nd. ¢

Benzene compounds

Toluene 1 4312 £2208° 1150 +37.5°¢ 250.0 +25.4 ¢
13 702.8 +£207.2% 209.5 + 18.4 ¢ 309.2 + 48.1 ¢
19 - - 371.9 +97.8°

Xylene 1 16.1 £9.7°¢ 123 6.2 05+05¢
13 60.8 £17.7° 42.6+16.1° 154+62°
19 - - 207 +£82°

Styrene 1 269+£102° 16.6 £5.7°¢ 205+£52°
13 543 +12.6° 50.7 +23.7% 26.6+7.6°
19 - - 32.8 +£18.1°¢

Ethylbenzene 1 18.9 + 7.7 % 120+5.5°¢ 27.2+3.6
13 553 +8.1° 428 +14.8° 312+83°
19 - - 21.5+7.0 %%

Benzaldehyde 1 189+38°¢ 29.1+52° 841.8 +190.9°
13 259+36° 246+45° 680.3 + 148.4 "
19 - - 549.9 + 1504 °

Heterocyclic aromatic

compounds

Pyrrole 1 58+09°¢ 100+1.6¢ 83.0+13.1%
13 92+0.7°¢ 98+ 1.1° 573 +83°
19 - - 458 +4.8°"

*¢ Mean value + s.e.; n = 6; n.d.: not detected; values per compound without common superscripts were

significantly different (P < 0.05).

! PA: pasteurisation; HP: homogenisation-pasteurisation; UH: ultra-high pressure homogenisation.
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Table I11.2.10. Volatile compounds — Other (arbitrary units). (continuation)

Treatment!
Day PA HP UH
Lactones
5-Valerolactone 1 nd.® nd.® 33.2+6.3°
13 nd.© nd.® 289 £4.8*
19 - - 255+£29°
8-Hexalactone 1 13.5+45¢ 439+37° 462 +28°
13 499 +52° 81.5+4.4% 68.0+50°
19 - - 81.2+50°
5-Nonalactone 1 228+30° 47.0 £9.0°° 207+74°
13 71.5+11.7%° 81.7+12.2% 45.1 +10.5°¢
19 - - 68.0 + 18.7 *°

#¢ Mean value =+ s.e.; n = 6; n.d.: not detected; values per compound without common superscripts were
significantly different (P < 0.05).

! PA: pasteurisation; HP: homogenisation-pasteurisation; UH: ultra-high pressure homogenisation.

Volatile sulphur compounds can be generated from the thermal decomposition
of sulphur-containing amino acids; denaturation of cysteine-containing proteins
exposes the —SH, which is oxidised by Strecker’s reaction and converted to
sulphur compounds such as hydrogen sulphide and methanethiol (Al-Attabi et
al., 2009). These compounds are responsible for the cooked, cabbage and
sulphur flavour of heated milk. An early study by Josephson and Doan (1939)
showed the existence of a link between the formation of cooked flavour and
a-lactalbumin decomposition. However, subsequent studies have shown that
B-lactoglobulin and proteins of the milk fat globule membrane are also
involved (Thomas et al., 1976; Vazquez-Landaverde et al., 2006). Further
degradation of methanethiol to dimethylsulphide and, subsequent dimethyl-
disulphide, is due to chemical rather than biological reactions (Beuvier &
Buchin, 2004). Both compounds methanethiol and dimethyldisulphide were
only present in UH-cheeses. Indeed, previous studies have shown that UHPH
provokes protein denaturation (Hayes et al., 2005; Pereda et al., 2008a; see

2.3.2. Proteolysis and Section II Chapter 1).

Lactones are cyclic compounds characterised by very pronounced fruity notes,
and may be present in cheese as y- and o-lactones (Le Quéré & Molimard,
2002). However, in this study, only d-lactones were identified (Table I11.2.10).
Delta-lactones have a generally higher detection threshold than those of

v-lactones. Hydroxylated fatty acids, which are lactone precursors, can be
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present as triacylglycerols in milk; but they are relatively unstable and are
readily hydrolysed from the triacylglycerol by heat or lipases. Once free, they
are spontaneously cyclised through loss of water to form lactones (Marsili,
2002). The fact that lipolysis was not triggered by UHPH (see 2.3.3. Lipolysis)
and that the heat effect of UHPH has been proven to be lower than that of
conventional pasteurisation (Pereda et al., 2009) may indicate that another

mechanism, rather than lipolysis or heat, would be at the origin of lactones.

2.3.6. Sensory analysis

The quantitative descriptive analysis showed that no statistical differences
(P > 0.05) were found on the mean scores of aroma and flavour intensities in
cheeses (Table I11.2.11). However, medians of flavour intensity reflected that
HP-cheeses, compared with PA-cheeses, were given more often higher scores
than UH-cheeses (53% vs. 43%). At first sight, such results would be in
disagreement with the volatile profiles, i.e., larger amount of all sorts of volatile

compounds in UH-cheeses than HP-cheeses (see 2.3.5. Volatile compounds).

However, as will be discussed later, the volatiles composition of HP-cheeses,
which varied considerably compared with that of PA-cheeses, might be the
main cause for the increase in flavour intensity. In addition, other factors, such
as moisture, TS, and salt content, or textural characteristics, strongly influence
both the release and the perception of flavour (Guinee & Fox, 2004). Indeed,
UH-cheeses and HP-cheeses had higher salt content on dry basis compared

with PA-cheeses (see 2.3.1. Cheese composition). However salt in HP-cheeses

was statistically lower (P < 0.05) than in UH-cheeses.

Oft-flavours were detected in UH-cheese (53% of the panellists), and to a lesser
extent, in HP cheeses (30%). Statistical differences (P < 0.05) were observed in
the off-flavour intensity, with UH-cheeses having the highest scores. The
qualitative descriptive analysis showed that off-flavour in HP-cheeses was
indefinable, i.e., strange. In contrast, off-flavour detected in UH-cheeses was
generally described as unpleasant, or somehow bitter, and occasionally

identified as cooked milk or with a metallic note.
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Table II1.2.11. Sensorial parameters'.

Treatment
HP UH
Mean Median Cumulative Mean Median Cumulative
(frequency) frequency’ (frequency) frequency’
Aroma 0.18+0.12% 0 (0.58) 0.30 020+0.17% 0 (0.50) 0.28
Flavour 048 +£0.15% 1 (0.40) 0.53 0.25+025" 0 (0.23) 0.43
Off-flavour 0.35+0.09° 0 (0.70) 0.30 093+0.17% 1 (0.28) 0.53

*® Mean value £ s.e.; n = 40; values without common superscripts were significantly different (P < 0.05).

' Cheeses from milk treated by conventional homogenisation-pasteurisation (HP) or by ultra-high
pressure homogenisation (UH) were compared with pasteurised cheeses; negative and positive values
denote lower or greater perception, respectively.

? Cumulative frequencies of either negative or positive values depending on the algebraic sign of the
mean.

Table I11.2.12 summarises the main volatile compounds of HP- and UH-cheeses,
which contents showed statistical differences (P < 0.05) compared with those
of PA-cheeses. Volatile fatty acids contribute to the aroma of the cheese or to a
rancid defect depending on their concentration and perception threshold
(Le Quéré & Molimard, 2002). As they were present at high concentrations in
HP-cheeses, their strong cheesy flavour may have contributed to the greater
flavour intensity perceived by the panellists in these cheeses. In addition,
2-butoxyethanol and ethyl acetate, giving a solvent or pineapple note
(Le Quéré & Molimard, 2002), may play a role in the indefinable off-flavour
detected in HP-cheeses.

Volatile profiles of UH-cheeses showed much complex patterns; one of the
main characteristics was the almost exclusive presence of aldehydes, which
give fruity or greeney notes, in UH-cheeses. Their perception thresholds in
water are rather low (9.18, 1.41, and 2.53 pg kg for hexanal, octanal and
nonanal, respectively; Le Quéré & Molimard, 2002). Hence, these compounds
might have contributed to the off-flavour detected by the panellists in
UH-cheeses. However, in the case of benzaldehyde, which has an aromatic
note of bitter almond, the threshold is higher (350 pg kg™). Ketones were also
very important in UH-cheeses; methyl-ketones have been identified as key
odorants in the aroma of surface-ripened cheeses and blue-veined cheeses
(Barron et al., 2005). In UH-cheeses, their presence might have contributed to

the overall flavour. Most straight and branched chain alcohols have high
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Table II1.2.12. Distinguishing volatile compounds' in cheeses and characteristic

notes.
Treatment’ Characteristic
HP UH notes®
Fatty acids ... Butanoic ........ Rancid, cheesy, putrid,
sharp, sour
....... Hexanoic ....... Blue cheese, sweat, sour,
pungent, goat
........ Octanoic ........ Cheese, sweat, goat,
soapy, waxy, musty
Ketones . 2-Butanone ....... Acetone, sweet, ethereal,
slightly nauseating
...... 2-Pentanone ....... Fruit, acetone, sweet,
ethereal
..... 2-Heptanone ..... Musty, Dblue cheese,
pungent
.... Acetophenone ..... Orange blossom
Aldehydes L. Hexanal ......... Immature fruit, green
apple
....Benzaldehyde ...... Bitter almond
.. 3-Methylbutanal ... Malt, chocolate, toffee,
green
..2-Methylbutanal .... Roasted coffee or cocoa,
malt
.......... others ........... Flower, green, orange,
grapefruit, citrus fruit
Alcohols .. 2-Butoxyethanol .. Alcohol, sweet, fruity,
sharp
....... 1-Hexanol ....... Winey, oily, fruity
....... 1-Octanol ......... -
......................... 1-Pentanol ......................... Alcohol, sharp, harsh
.......................... 1-Butanol ...........ccccee......  Winey, sweet, fruity,
fusel oil
3-Methyl 1-butanol..  Fruit, green, alcohol
..2-Ehtyl 1-hexanol.... -
Esters ... Ethyl acetate ...... Pineapple
Sulphur compounds — ................... Dimethylsulphone.................... -
Dimethyldisulphide..  Cauliflower, garlic, very
ripe cheese
..... Methanethiol ...... Cooked cabbage
Alkanes L. Undecane ......... -
HACY Pyrrole ........... -
Lactones ~— .oooeeeieeen o-Hexalactone .........cccoc...... Fruit
... 0-Valerolactone ...  Fruit

! Volatile compounds showing statistical differences (P < 0.05) compared with cheeses from pasteurised

milk, listed by categories from highest to lowest concentrations.

2 HP: homogenisation-pasteurisation; UH: ultra-high pressure homogenisation.
3 Flavour notes described by Barron et al. (2005), Le Quéré & Molimard (2002) and Qian & Reineccius

(2002).
¥ HAC: Heterocyclic aromatic compounds.
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perception thresholds; hence they do not contribute significantly to the flavour
of many cheese varieties (Barron et al., 2005). Lactones, which were most
present in UH-cheeses, are considered important for the flavour of cheese
(Adda et al., 1982). However, literature provides little information on the role

of individual lactones.

Bitter flavour in cheese is related to proteolysis (Sousa et al., 2001). However,
it is important to bear in mind that other components such as indole, amino
acids, amines, amides, long-chain ketones or monoglycerides could contribute

to the bitter taste of cheese (Beuvier & Buchin, 2004). As already mentioned

(see 2.3.5. Volatile compounds), cooked flavour is due to sulphur compounds
generated from the thermal decomposition of sulphur-containing amino acids
(Al-Attabi et al., 2009). Indeed, UH-cheeses presented higher content of
sulphur compounds, specially methanethiol and dimethyldisulphide, than those
from conventionally treated milk samples explaining the cooked flavour
detected by the panellists in these cheeses. Finally, lipid oxidation, which was
very important in UH-cheeses (see 2.3.4. Oxidation), is often characterised as

metallic (Marsili, 2002).

2.4. Conclusions

Both homogenisation treatments increased the moisture content of cheeses, but
during storage, whey drainage in UH-cheeses was lower than in cheeses from
homogenised-pasteurised milk. Lipolysis and proteolysis levels in cheeses
from UHPH-treated milk were lower than those from conventionally treated
milk samples; throughout the storage period, UH-cheeses showed lower
amounts of free amino acids and fatty acids. However, some degradation of -
CN was observed at the end of the storage period in UH-cheeses. Oxidation
was found to be the major drawback of UHPH treatment; it resulted in a great
number of volatile compounds, e.g., aldehydes, ketones and sulphur
compounds, in UH-cheeses, which presence explained the metallic and cooked
milk flavours detected by some panellists. Hence, by solving the oxidation
problem, fresh cheeses with similar or even higher quality are expected to be

obtained with UHPH-treated milk than with conventionally treated milk.
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Section 111, Chapter 3

Effects of ultra-high pressure homogenisation of milk
on the texture and water-typology

of a starter-free fresh cheese

The aim of the study was to evaluate the effect of ultra-high pressure homogenisation
(UHPH) on the texture, rheology, colour, microstructure and water typology of a starter-
free fresh cheese. UHPH at 300 MPa with an inlet temperature of 30°C was compared with
conventional treatments. Major differences among treatments were revealed by both
instrumental and sensorial methods. Homogenised cheeses were firmer, less elastic,
grainier, pastier, whiter, and had higher water-holding capacity but lower water-mouth
feeling than pasteurised cheeses. The effect of UHPH was greater than that of conventional
homogenisation. Differences on the composition, i.e. water typology and protein content,
and the microstructure of the cheeses explain the obtained results.







3. Effects of ultra-high pressure homogenisation of milk on the texture

and water-typology of a starter-free fresh cheese

3.1. Introduction

The physical properties of fresh cheeses, i.e., texture, expressible moisture
and colour, are dictated by the cheese structure and determine the consumer

acceptance. As previously mentioned (see Section I Chapter 2), fresh cheese

is commonly used as ingredient for salads, therefore upon cutting the
integrity of the cheese pieces must be ensured. In addition, whey drainage
during storage is one of the major handicaps to be tackled; excessive
syneresis results in a small piece of cheese buried in whey, which makes

cheese much less attractive to consumers.

Cheese structure 1is intrinsically related to the arrangement of cheese
components within distinct micro- and macrostructure levels, e.g., proteic
network or fat fraction. Ultra-high pressure homogenisation (UHPH) was

found to greatly affect the protein and fat components (see Section Il Chapter 2

and Chapter 3), and some technological aspects of the cheese production (see
Section III Chapter 1). Hence, the use of UHPH could provoke changes on the

textural characteristics of fresh cheeses.

The aim of the present study was to evaluate the textural characteristics of
starter-free fresh cheeses produced with ultra-high-pressure homogenised
milk by comparing them with cheeses from conventionally treated milk

samples.

3.2.  Material and methods

The microstructure of fresh cheeses was analysed on the 4th day after
production. As for the previous chapters, cheeses from pasteurised,
homogenised-pasteurised and UHPH-treated milk samples will be referred

as PA-, HP- and UH-cheeses, respectively.
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3.2.1. Water-holding capacity and water typology

Theoretical maximum syneresis was estimated by centrifugation following
the method of Guo and Kindstedt (1995). Whole cheeses were transferred
into plastic bags, allowed to reach room temperature and manually crushed.
Fifty grams of the homogenised cheese were transferred into centrifuge tubs
and centrifuged at 12,500 x g for 75 min at 25 °C. Expelled whey was

weighted and expressed as gram per 100 g of cheese.

Evaluation of the water contained in the matrix of cheeses was performed in
triplicate by thermogravimetry on a TGA/SDTA815e thermobalance
(Mettler-Toledo GmdH Analytical, Switzerland). Approximately 15 mg of
cheese was placed in the thermobalance alumina sample pan and heated
from 25 to 250 °C at a scanning rate of 5 °C min™' in a flow of nitrogen of
60-80 mL min™. Three different water types were detected using the
Mettler-Toledo STARe software, and their contents were expressed as
grams per 100 g of cheese and on a proportion basis as grams per 100 g of

water.

3.2.2. Confocal laser scanning microscopy of cheeses

Cheese slices ~1 mm thick were stained with a solution of Nile Blue A
(Sigma, Steinheim, Germany) at 0.02% (w/v) by submerging them for
15 min. After washing them twice, the cheese portions were placed on
microscope slides and covered with non-fluorescent observation medium

and a coverslip.

The confocal microscope (Leica TCS SP2 AOBS, Heidelberg, Germany)
was equipped with an oil-coupled Leica objective with a 63x augmentation
and a numerical aperture of 1.4. Fluorescence from the samples was excited
with the 488 nm line of an argon laser. Images were acquired in 2 channels
simultaneously (501 to 549 nm and 574 to 626 nm) as 1,024 x 1,024 pixel
slides in the horizontal x-y plane along the z plane at constant gain and
offset. Three-dimensional images were obtained by the maximum projection

of 15-16 slides with Leica software.
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3.2.3. Texture and rheology analyses

Uniaxial compression test was carried out six times for each cheese on
cylindrical samples. Cylinders were obtained with a punch of 25 mm inner
diameter and sliced into 20 mm high discs. Cheese samples were kept at
4 °C until compressed to 80% of their original height using a TA-TX2
Texture Analyzer (State Microsystem, Surrey, UK) with a 50 mm probe and
a crosshead speed of 0.8 mm s™'. Fracture stress (o) and fracture strain (&)
parameters were calculated from the true stress-true strain curves (Calzada

& Peleg, 1978).

Dynamic oscillatory test was performed with a ThermoHaake RSI
rheometer (ThermoHaake GmbH, Karlshrue, Germany). Cylindrical samples
of cheese were obtained with a punch of 35 mm inner diameter. Cylinders
were sliced into discs of 5.5 mm thickness using a device with parallel
stainless-steel wires. The sliced specimens were kept at 4 °C. Oscillatory
testing was performed at 4 °C in fivefold using 35 mm diameter parallel
serrated plates, to avoid sample slippage, and a gap setting of 5.3 mm.
Cheese samples were allowed to relax for 10 min after the measuring

system reached the testing position.

A material, such as cheese, is considered viscoelastic if during (and after)
deformation part of the mechanical energy supplied to it is stored in the
material (elastic part) and part is dissipated (viscous part). The ratio of
dissipated to stored energy depends on the time scale of the deformation and
the consequence is that the material response is time-dependent (Lucey et
al., 2003). In order to ensure that measurements were made in the linear
viscoelastic region, the conditions of the test were determined by stress
amplitude sweeps at a frequency of 1 Hz. Frequency sweeps were
performed over the range 1-10 Hz at a maximum strain of 0.02%.
Elastic (G’) and viscous (G”) components were collected, and shear

modulus (G”) was calculated with Rheowin software (ThermoHaake GmbH).
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3.2.4. Colour analysis

Colour of cheeses was measured with a portable HunterLab
spectrocolorimeter (MiniScan XETM, Hunter Associates Laboratory Inc.,
Reston, Virginia, USA) under [lluminant Fcw (cool white fluorescent) with
a 10° observer. CIE L™-, a'- and b -values were read at six different points
of the inner surface of cheeses cut in halves. The L -value, that ranges
between 0 and 100, is a measure of lightness. Negative to positive values of

a and b” indicate the green—red and blue—yellow components, respectively.

Chromaticity (C), expressed as a +b” , Hue angle, as tan”'(b"/a"),

and total colour differences (AE), as \/AL* " +Aa +AbT, were calculated
to assess the type of colour perceived.
3.2.5. Sensory analysis

Sensory evaluation of cheeses was performed as previously described (see

Section III Chapter 2).

3.2.6. Statistical analysis

The complete experiment was repeated on 3 independent occasions. Data were
processed by multifactor analysis of variance (ANOVA) using the general
linear models procedure of Statgraphics (Statgraphics Inc., Chicago, IL, USA),
taking into account both treatment and production factors, as well as their
interaction. LSD test was used for comparison of sample data, and evaluations

were based on a significance level of P < 0.05.

For sensory data, descriptive statistics, i.e., mean, median, frequency of the
median category, and cumulative frequency of either negative or positive
values depending on the algebraic sign of the median, were calculated. Means
were analysed for significance along with the other measurements as

previously described.
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3.3. Results

3.3.1. Water-holding capacity and water typology

The estimation by centrifugation of the theoretical maximum syneresis showed
that homogenisation of milk, both conventionally and by UHPH, reduced
significantly (P < 0.05) the amount of expelled whey (Table II1.3.1). In cheese,
water is present in three main phases: free water in the serum channels,
entrapped water in close proximity to the casein matrix, and bound water
tightly associated to the caseins (Everett & Auty, 2008). In the thermo-
gravimetrical curves from PA-cheeses, 3 temperatures of phase change could
be identified, i.e., 115 °C, 120 °C and 130 °C. However, for HP- and UH-cheeses,
the change of phase at 115°C was not observed. Thus, the amount of free (W),
entrapped (W), and bound water (W3) was determined by the losses of weight
between 25-120 °C, 120-130 °C, and 130-250 °C, respectively. Water content of
each type of water was expressed as g per 100 g of cheese and as percentage of

the total water content of cheeses.

Table II1.3.1. Whey expelled by centrifugation and water typology characterised by

TGA'.
Treatment’ Whey W, W, W;
(2100 g cheese) (g 100 g water) (g 100 g water) (g 100 g”' water)
PA 4412 £0.40° 89.71 + 0.53 ® 5.97 +0.46° 432+0.16°¢
HP 33.29+0.10° 84.66 + 0.58 ° 8.15+0.33% 7.18 £ 0.42°
UH 33.44 +£0.12° 82.52+£1.06°¢ 6.74 +£0.48° 10.74 £ 0.72 2

*¢ Mean value + s.e.; n = 9; values without common superscripts were significantly different (P < 0.05).
''W,: free water; W,: entrapped water; W;: bound water.
2 PA: pasteurisation; HP: homogenisation-pasteurisation; UH: ultra-high pressure homogenisation.

No significant differences were observed in the amount of free water, with an
average of 56 g free water 100 g”' of cheese (data not shown). However, when
expressed on a proportion basis, both homogenisation treatments provoked a
significant decrease of free water. Such decrease was due to an increase of
entrapped and bound water on a concentration basis. However, in UH-cheeses,
the amount of entrapped water on a proportion basis did not differ from that of

PA-cheeses possibly due to a substantial increase in the amount of bound
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water. Although in HP-cheeses the amount of bound water also increased

compared with PA-cheeses, the extent was not as important as for UH-cheeses.

3.3.2. Microstructure

Confocal micrographs of cheeses revealed visual differences on the protein
matrix stained in green, fat in red and pockets of serum phase as black areas
(Fig. 1I1.3.1). PA-cheeses were made of a highly porous matrix containing
discrete serum pockets. Fat appeared to exist in three distinct states: non-
globular inclusions of fat (up to ~20 um) corresponding to free pools of fat
filling the voids of the matrix, coalesced large globules (~10 um) and native fat
globules (< 5 pm) with a tendency to aggregate. In HP-cheeses, the matrix
closed up but discrete serum pockets, which, in this case, were not filled with
fat, were observed. Homogenised fat globules were embedded within the
protein matrix. A small number of unevenly dispersed fat globules had
undergone coalescence (~5 pm) and remained out of the protein matrix. For
UH-cheeses, micrographs showed a continuous and dense protein matrix with
no serum pockets. Fat labelling was distributed throughout the whole matrix
and larger fat globules were found to associate to highly-stained proteinaceous

structures, showing a high association between fat globules and proteins.

3.3.3. Texture and rheology

Fracture properties were determined by applying the uniaxial compression test
at large deformations. Fracture stress (of) is the force required to fracture the
cheese matrix and can be used as a fracturability index; a low numerical
value indicates greater fracturability. The fracture strain (g¢f) describes the
deformability of cheese; higher numerical value indicates greater deformability.
Low or and high &r values of PA-cheeses showed that they were significantly
(P <0.05) more fracturable but more deformable than cheeses from homogenised
milk (Table II1.3.2). Both homogenisation treatments provoked a significant
increase of of and a significant decrease of &. However UH-cheeses showed

significantly lower fracturability and deformability compared with HP-cheeses.
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Figure II1.3.1. Confocal laser scanning micrographs of cheeses from (A) pasteurised,
(B) homogenised, and (C) ultra-high pressure-treated milk; three-dimensional images
with (1) protein in green and fat in red, (2) protein matrix, and (3) fat of a single
microscopy slide [bar = 10 pm].
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Viscoelastic characteristics of cheeses, i.e., storage (G”), loss (G””), and shear (G)
moduli, were determined with frequency sweep tests. G’, which is related to the
molecular events of elastic nature, was always higher than G”, related to the
viscous character, showing the predominant solid character of cheeses (data not
shown). Both homogenisation treatments increased G, which is related to the
overall viscoelastic rigidity (Table II1.3.2). However, UH-cheeses showed

significantly higher G” values than HP-cheeses.

3.3.4. Colour analysis

Considering L -value, no significant differences (P < 0.05) were found between
PA- and UH-cheeses (Table I11.3.3). However, conventional homogenisation of
milk resulted in significantly lighter cheeses. Homogenisation treatments
triggered a significant decrease of both red and yellow components; for
UH-cheeses the reduction of the redness was such that values moved to
greenness values. Differences in chromaticity, which take into account a - and
b*-values, were mainly due to the blue-yellow component. In contrast,
differences at the Hue angle were due to the green-red component. Total colour
differences, which include L*—Values, showed that UH-cheeses were much

different than HP-cheeses compared with PA-cheeses.

3.3.5. Sensory analysis

The taste panel detected differences in all the sensory attributes for both
HP- and UH-cheeses when compared with PA-cheeses (Table III1.3.4); the
medians were different from 0 in all cases. The medians of HP- and UH-cheeses
had the same algebraic sign for each parameter, which means that both
homogenisation treatments triggered similar effects. 75-90% of the tasters
classified HP- and UH-cheeses as firmer, grainier, pastier, less deformable, less
watery but whiter than PA-cheeses. However, only for elasticity and grainy
character, the extent of the differences depended on the treatment; UHPH
treatment resulted in less deformable and grainier cheeses than conventional

homogenisation.
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Table I11.3.2. Textural and rheological parameters'.

Treatment’ o (kPa) & (-) G" (kPa)
PA 8.46+0.17°¢ 0.572 + 0.008 * 1021 £1.04 ¢
HP 10.07 £ 0.56° 0.383 + 0.004 ° 17.97 £ 1.26°
UH 1491 +0.54° 0.402 + 0.004 ° 21.65+1.04°

*¢ Mean value =+ s.e.; n = 18 for textural parameters and n = 15 for rheological; values without common
superscripts were significantly different (P < 0.05).

! o fracture stress; ¢ fracture strain; G": shear modulus.
2 PA: pasteurisation; HP: homogenisation-pasteurisation; UH: ultra-high pressure homogenisation.

Table I11.3.3. Colour parameters'.

* * *

Treat.’ L a b C Hue AE

PA  95.69+0.07° 0.16+0.03% 12.12+020% 12.12+020° 8928 +0.15° -
HP 96.11+£0.09% 0.05+£0.05° 975+0.12° 9.75+0.12° 89.75+027°% 2.44
UH 95.68+0.11° -046+0.05° 859+0.17° 861+0.17° 93.17+0.35* 3.61

*¢ Mean value + s.e.; n = 18; values without common superscripts were significantly different (P < 0.05).

'™ ligthness; a": green—red component; b": blue—yellow component; C: chromaticity; Hue: Hue angle in
degrees; AE: total colour differences.

% Treat.: treatments; PA: pasteurisation; HP: homogenisation-pasteurisation; UH: ultra-high pressure
homogenisation.

Table II1.3.4. Sensorial parameters'.

HP UH
Median Cumulative Median Cumulative
Mean 2 Mean 2
(frequency) frequency (frequency) frequency

Firmness 1.58+021* 2 (0.40) 0.85 1.13+027* 2 (0.35) 0.75
Deformability -1.08 £0.19% -1 (0.35) 0.75 -1.50 £0.24* -2 (0.45) 0.80
Grainy 0.88 +0.18° 1 (0.50) 0.75 1.90+£0.22% 2 (0.35) 0.90
Pasty 1.03+£0.21°% 1 (0.43) 0.78 048 +£025% 1 (0.28) 0.58
Watery -0.93+£0.19* -1 (0.48) 0.75 -1.18+£0.22* -1 (0.30) 0.78
Colour -1.25+0.14* -1 (0.50) 0.85 -1.38+0.15* -1 (0.48) 0.90

*> Mean value =+ s.e.; n = 40; values without common superscripts were significantly different (P < 0.05).

! Cheeses from milk treated by conventional homogenisation-pasteurisation (HP) or by ultra-high
pressure homogenisation (UH) were compared with pasteurised cheeses; negative and positive values
denote lower or greater perception, respectively.

? Cumulative frequencies of either negative or positive values depending on the algebraic sign of the
median.
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2.1. Discussion

The extent of syneresis in PA- and HP-cheeses, which had the same moisture
content and amount of free water on a concentration basis, but lower on a
proportion basis, differed significantly, implying that differences in the
cheese matrices rather than the type of water were responsible for enabling or
inhibiting the release of whey. McMahon et al. (1999) found that the whey
that can be expressed by centrifugation was somehow associated with the fat
globules. As observed by confocal microscopy, homogenisation causes the fat
globules to become part of the para-casein network through the incorporation
of micellar casein in the surface coat of fat globules. After centrifugation, a
layer of fat could be observed at the top of the supernatant from PA-cheeses
but was not present in that of HP-cheeses. The release of fat in PA-cheeses,
which was filling voids of the protein matrix, would allow a higher packing

of the pellet, resulting in higher water release compared with HP-cheeses.

The increase of entrapped water on a concentration basis for both HP- and
UH-cheeses could be explained by the fact that homogenisation enhances

casein-casein interactions (see Section II Chapter 2) resulting in a tight

protein matrix, as observed by confocal microscopy. For the same moisture
content, a higher protein in dry matter results in cheeses that appear drier
(Lemay et al., 1994). As the mastication of the cheese implies a disintegration
of the cheese structure, the moisture mouth-feeling would be linked to the
amount of both free and entrapped water. However, the consumer taste panel
detected a lower moisture mouth-feeling for HP- and, especially, UH-cheeses
compared with PA-cheeses. Thus, as in the case of expressible whey, the
release of water inside the mouth during mastication would be linked to the

structure of the cheese rather than the type of water.

Bound water is constituted by primary bound water molecules which are likely
to be tightly bound to proteins by multiple hydrogen bonds; consequently, its
amount is related to the protein content (Everett & Auty, 2008). Although the
protein content on a dry basis of HP- and PA-cheeses did not differ
statistically, HP-cheeses had higher content than PA-cheeses. The differences
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on the amount of bound water could be explained by the fact that the type of
proteins absorbed onto the membrane of fat globules influences the water
holding capacity of the cheese matrix; the absorption of native
phosphocaseinate and sodium caseinate reduces the micro-syneresis (M¢tais et
al., 2006). Indeed conventional homogenisation of milk enhances interactions
within the rennet curd of mainly as-casein (CN) through calcium bonds, and

B-CN through calcium and hydrogen bonds (see Section II Chapter 2).

UH-cheeses had higher moisture content than PA- and HP-cheeses due to a
significant increase of bound water. In fact, UHPH causes the incorporation
into the curd not only of caseins but also of denatured whey proteins,

i.e., a-lactalbumin (a-LA) and B-lactoglobulin (B-L.G), (see Section II Chapter 1)

through hydrogen bonding and hydrophobic interactions (see Section II
Chapter 2), resulting in significantly higher protein content. Globular proteins
such as B-LG display varying degrees of hydration, depending on denaturation,
aggregation, and interaction with other proteins (Kneifel & Seiler, 1993). On
one hand, denaturation, which implies unfolding of the globular protein,
increases its water holding capacity. On the other, dissociation of the
quartenary structure of multimeric globular proteins, such as B-LG, enhances
binding of water molecules by increasing the exposure to solvent of protein

surfaces, which formerly interacted with each other.

Textural characteristics are related to the composition, structure and the
interaction degree between the structural elements of the cheese. Some of the
factors that impact upon texture include water content, state of fat, and casein

matrix density or protein interactions (Everett & Auty, 2008).

It has been well established that increasing moisture content in cheese results
in a softer texture (Lucey et al., 2003), by either decreasing the volume
fraction of protein or lubricating the casein matrix. However, UH-cheeses,
which had significantly higher moisture content, were characterised as firmer
than PA-cheeses by the consumer taste panel and the instrumental texture
parameters. Since the increase of moisture in UH-cheeses was especially due
to a higher retention of bound water, the type of water rather than the total

moisture content determined the textural characteristics of UH-cheeses.
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The role of fat on the textural properties of cheese depends on its state within
the protein matrix. Native fat globules or free fat pools are easily deformed
(Everett & Olson, 2003). Such phenomenon would explain the deformable
character of PA-cheeses described by the consumer taste panel and the
instrumental texture parameters. Moreover, coalesced fat globules and free fat
pools interfere with the integrity of the gel structure (Michalski et al., 2002),
leading to softer and more fracturable cheeses. When fat is homogenised two
main phenomena contributing to a firmer cheese occur (Fig. 111.3.2). On one
hand, the size of fat globules is drastically reduced, which results in a
concomitant decrease of their deformability (Everett & Olson, 2003) and their
structure-breaking character (Michalski et al., 2002). On the other, the fat
globule membrane suffers modifications in its protein composition (McPherson

et al., 1984; Cano-Ruiz & Richter, 1997; Lee & Sherbon, 2002; see Section II
Chapter 3).

Cheese firmness depends on the extent of the interconnectivity between casein
strands, in other words, on the number and strength of bonds between casein
particles (Lucey et al., 2003). The caseins adsorbed onto the fat globule surface
after homogenisation may be able to form protein-protein bonds with the
casein matrix (Fig. II1.3.2; Cano-Ruiz & Richter, 1997), thus increasing the
rigidity of the cheese protein matrix. As already mentioned, conventional
homogenisation and, especially, UHPH enhance casein interactions within the

rennet curd (see Section II Chapter 2). Moreover, UHPH triggers the

denaturation and the subsequent adsorption of whey protein onto the fat

globule (see Section II Chapter 3). Fat globules coated with caseins, i.e.,

as1-CN or B-CN, or whey proteins, i.e., a-LA or B-LG, result in a stronger
cheese structure (Everett & Olson, 2003).

Colour depends on how a material reflects, absorbs or transmits light. In
cheese, light penetrates the superficial layers and is scattered by milk fat
globules and whey pockets (Lemay et al., 1994; Paulson et al., 1998).
Homogenisation increases the number of fat globules, thus increases scattering
centres resulting in higher lightness (Everett & Auty, 2008). In UH-cheeses,

the loss of the red component triggering a greenish tint, which is characteristic
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Figure II1.3.2. Structure of cheese matrices from (A) pasteurised, (B) homogenised-
pasteurised, and (C) ultra-high-pressure homogenised milk samples [reproduced from
Michalski et al (2002) with modifications].

Native fat globule

Casein micelles absorbed
onto fat globule

Coalesced fat globule

° Chimera of fat globule

and casein micelles
w Casein micelle

of low-fat cheeses (Fife et al., 1996), could be explained by a loss of light
scattering power of fat globules, due to the drastic reduction of their size by

UHPH, allowing whey colour to be revealed.

2.2.  Conclusions

The results of the present study show that both conventional homogenisation
and UHPH provoked changes on the textural characteristics of cheese,
1.e., firmer, less deformable, with lower water-mouth feeling, and whiter.
However, the effect of UHPH was greater than that of conventional
homogenisation. The highest firmness and lowest deformability in cheeses
from UHPH-treated milk could be explained by the reduction of fat globule
size, and the incorporation of caseins and whey proteins at the milk fat globule
membrane, which increased the interconnectivity within the cheese matrix. In
addition, the incorporation of whey proteins into the curd led to an increase in
bound water. Finally, results from the sensory analysis were greatly in

accordance with those obtained with the instrumental analyses. However,
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except for the dry mouth-feeling, the sensory panel described the structural

attributes of UH-cheeses as their best characteristics.
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Section 1V

Final conclusions






The conclusions obtained in this thesis are the following:

1. Rennet coagulation properties of milk were enhanced by single-stage
UHPH at 200 and 300 MPa. UHPH treatment increased the wet yield of
curd and its moisture content, and decreased the protein content of whey.
The improvement of cheese-making properties of milk by UHPH could be
attributed to the combined effect of homogenisation and heat on the

protein-fat structures of the milk.

2. UHPH treatment of milk affected protein interactions within drained curds
by increasing the amount of unbound whey proteins and calcium-bonded
caseins in curds, impairing hydrogen bonding and favouring hydrophobic

interactions of whey proteins and caseins.

3. UHPH greatly reduced milk fat globule size with a concomitant increase
of their specific surface area overcome by the adsorption of milk proteins.
On one hand, caseins molecules, released through partial disruption of
casein micelles, were directly bonded to the milk fat globule membrane.
On the other, whey proteins were adsorbed through direct interaction with
native proteins of the milk fat globule membrane, and through disulfide
bonding with both indirectly and directly absorbed casein molecules.

Consequently, UHPH provoked the formation of new chimerical particles.

4. Although UHPH enhanced the coagulation properties of milk, it impaired
to some extent some cheese-making processes, i.e., difficulty at cutting the
curd due to crumbling and improper curd matting due to poor cohesion of

the grains. In addition, UHPH reduced the syneresis of curds.

5. UHPH of milk resulted in fresh cheeses with longer microbiological shelf
life by extending it from ~13 to ~19 days. Lactococci growth was
enhanced at an early stage of the storage period and lactobacilli were not
detected throughout the cold storage. The growth of yeasts and moulds
was inhibited to some extent resulting in lower counts at the end of the

storage period. Finally, pathogen microorganisms were not detected.
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During storage, cheeses from UHPH-treated milk expelled less whey
than those from conventionally treated milk samples. Syneresis is one of
the major handicaps of fresh cheeses because it results in a small piece of
cheese buried in whey making it much less attractive to consumers. The

use of UHPH treatment was proven to be a way to tackle this problem.

UHPH treatment of milk resulted in cheeses with higher moisture
content, and concomitantly higher salt content. However, fat and protein
content on a dry basis were not affected. Proteolysis levels in cheeses
from UHPH-treated milk were lower than those from conventionally
treated milk. However, some degradation of f-casein was observed at the
end of the storage period. In addition, UHPH treatment of milk resulted
in lower lipolysis levels in cheeses during the whole storage period. In
addition, free fatty acid profiles differed from those of cheeses obtained

with conventionally treated milk samples.

Oxidation was found to be the major drawback of UHPH treatment; it
resulted in a great number of volatile compounds, e.g., aldehydes,
ketones and sulphur compounds, in UH-cheeses, which presence
explained the metallic and cooked milk flavours detected by some
panellists. The source of oxidation is presumed to be contamination with
metals due to a transfer from the equipment pieces, e.g., non-return

valves and seals, to the milk.

UHPH treatment of milk provoked changes on the textural
characteristics of fresh cheese, i.e., firmer, less deformable, with lower
water-mouth feeling, and whiter. Such changes could be explained by the
reduction of fat globule size, and the incorporation of caseins and whey
proteins at the milk fat globule membrane, which increased the
interconnectivity within the cheese matrix and the amount of bound
water. Except for the dry mouth-feeling, the sensory panel described the
structural attributes of cheeses from UHPH-treated milk as their best

characteristics.
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10. The results obtained in this study show that UHPH is a promising
technology as treatment of milk for the manufacture of fresh cheese
with better microbiological quality during storage in relation to
conventional treatments applied in industry, obtaining longer shelf-
life and the improvement of cheese characteristics such as texture
and microstructure. By solving the oxidation problems produced by
this treatment, fresh cheeses with similar or even higher flavour
quality are expected to be obtained with UHPH-treated milk than
with conventionally treated milk.
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Annex 1

Sensory analysis form






SENSORY ANALYSIS

FECHA: NOMBRE DEL CATADOR:

Cétese atentamente las muestras de queso y sefidlese la valoracién que se
considere para cada caracter (comparando con la muestra control).

Para la notacion de cada atributo, la siguiente escala da la magnitud de la
desviacién (nota hacia la parte positiva 0 negativa de la escala segiin es mayor
0 menor la desviacion apreciada respecto a la muestra C):

Puntos

C desviacion no apreciable respecto al Control

-1y 1 desviacién minima respecto al Control

-2y 2 desviacion notable respecto al Control

-3y 3 desviacion considerable respecto al Control

-4y 4 desviacion muy considerable respecto al Control

COLOR
- C +
I I I I I I I I I
I I I I I I I I I
-4 -3 -2 -1 1 2 3 4
TEXTURA
- C +
Firmeza | | | | | | | | |
I I I I I I I I I
-4 -3 -2 -1 1 2 3 4
- C +
Elasticidad I | | | | I I I I
I I I I I I I I I
-4 -3 -2 -1 1 2 3 4
- C +
Granulosidad [ | | | | | | | |
I I I I I I I I I
-4 -3 -2 -1 1 2 3 4
- C +
Sensacion pastosa I I I I I I I I I
-4 -3 -2 -1 1 2 3 4
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- C +
Sensacion acuosa | I I I I I I I I
4 3 2 -1 1 2 3 4
AROMA (intensidad)
- C +
| | | | | | | | |
| | | | | | | | |
-4 -3 2 -1 1 2 3 4
FLAVOR (intensidad)
- C +
| | | | | | | | |
| | | | | | | | |
4 3 2 -1 1 2 3 4
SABORES EXTRANOS
- C +
| | | | | | | | |
| | | | | | | | |
4 3 2 -1 1 2 3 4

Observaciones (describir todo aquello que creais conveniente de los
parametros o atributos analizados):
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SENSORY ANALYSIS

Describir cuales son los aspectos (atributos o parametros) mas y menos
valorados de cada tipo de queso.

Cdédigo queso

Aspectos mejores

Aspectos peores
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Effects of Ultra-High Pressure Homogenization
on the Cheese-Making Properties of Milk

.l. Zamora, V. F-lrmwl P. D. Jaramlllo, B. Guamls, und.ﬁ_J Trullka’
Cartrn Espaoial e Abmisnts |, Departamant

o Feroerca Piants p:nnhp.

Volarinana, Lnssprpstal Autonoma oo Banwong, WTWMW

ABSTRACT

The effects af single- or Z-stage ultro-high pressure
homogenization (UHPH; 100 to 330 MPa) af an inlet
temperntureof 30°C on the cheese-muking properties of
bervine milk wore investigated. Effeets were compared
with thosa from raw, hent-pasteurized (T2C for 16 2],
and conventional homogenized-pasteurized (15 + 3
MPn, T2°C for 16 &) treatments. Rennet coagulation
Lime, rate of curd Brming, curd Brmness, wel yvield, sod
molsture content of cunds were mesessed. RHosults of
pariicle size and distribubion of milk, whey compos itien,
and gol microstructure observed by confocal laser scan-
ning micraseopy were analyzed to understand the slect
of UHFH. Single-stage UHPH at 200 and 300 MPa
ephanced ronpet coagulation properties, However,
these properties were negatively affected by the use of
the UHFH secondary stage, Increasing the prossiurs bod
Lo higher vields and moisture content of curds, The
Iml'l'n'n'n:u'-nl In the cheese-making properties of milk
by LTHPH could be explained by changes to the protein-
fat strocturas due to the eombined offect of heat and
homogenization.

Koy words: ultra-high pressure homogenization, milk,
rennet coagulation, checse-making propertics

INTRODUCTION

Hesenrch on lechnologicil processes on Tood is focused
on 2 main goaks: improving safely and quality of Gnal
products, and changing tho charactoristies of paw mate-
rinls boobtain valus-ndded prodiucts. However, process-
indueed modifications can have both benedicial and det-
rimental effects on technological aspects.

In dniry processes, thermal treatment of milk alms
ok incrensing shell life and improving food safely of the
final produwct. Milk for cheese manuficture is genernlly
pasteurized at T2°C typically for 16 to 36 = Higher
temperatures have ndverse effects on curd formation,

Accaipted August 31, 2005
I[:.m‘r-rm.rlr.n; niddbes Lo Ll ol e
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e Citnicia Animal | dels Amants, Facukad do

namaly longer coagulation times and weaker gels
iGuines ot al., 1997 Singh and Wanngana, 20071 ), and
on eurd syneresis: that s, higher molsture content
(Walsira et al, 1B85; Prarse and Mackinlay, 1888;
Rynne et al., 2004). Mevertheless, the effect of high heat
treabment hos recelved considerable attention owing Lo
its potential for improving cheese yeld through incorpo-
ration af whey proteins Into choese curd (Lucey, 19695,
Singh aml Woongnnn, 2015

Conventionnl homegenization, developed by Gaulin
in 185, has been widely adopted by the dairy industry.
Homugenization is usually performed at 80°C, and the
milk 18 processed to bresk milk fat globubes (nto fine
lipkd droplets. preventing cream separation, thereby
increasing stability and shelf life of milk cmulsion. Two-
glmre homogenization |s commonly used, in which the
primary atage reduces the sise of fat globules and the
soconddary stape disrupts clusters that may be formed.
Althaough homopenization of whale milk has detrimen-
tal effects on curd forming properties {Emmons et al_,
15380) nnd cord syneresis (Hombart of al, 1980; Green
et al., 1983, it improves rennet action (Humbert et al.,
1980; Hobson and Dalgledsh, 1984 ) and incrooses choese

¥ield due to better fat recovery (Jana and Upadhyay,

1992).

In recont years, homogenization squipment design
has been modified to achieve far greater pressures, Al-
though the principle of ultra-high pressure homogend-
zation (UHPH) s similar to that of conventionnl hall-
andd-gont homgmnizers, corrent develojonanis in the
doatgn (e.g., the Stanated valve) allow homogenization
at préssures of up to 350 MPa. Forees encodntered dur-
ing TTHPH include cavitation, friction, turbalence, high
veloeity, and shear (Floury ot al., 2004a.b), and result
in the heating of the homogenized liquid (Floury et al,
2000, Hayves nnd Kelly, 2000; Thiebawd ol al,, 2001,
Applications  of high-pressure homogenization are
muainly fownd in the pharmsceutical and biotech nology
sectors where the technique 1s wsed to emulsify, dis-
perse, and mix (Floury et al, 20000, However, there
has been increasing interest in its application in food
technology. Reports on the offect of UHPH on some
pathogenie and spoilage micrvonpnizme in medel and
real food systems have proved its effielency in reducing
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milcrobinl oountls (Hayes and RKelly, 20085; Thiobaud
ot al, 3d; Hayes ot al., 2005, Brinez ot al., 2006}
Morsover, studies with whole and skimemed milk have
shown that UHPH produces fine cmulslon particles
(Hayes amd Kelly, 2003a; Thietmod ot al., 2003; Hayes
ef al., 200561, modilies protein structure and charmcteris-
tics (Hayes and Kelly, 2003a; Hayos et al., 2005; Sandrn
and Dalgleiah, 20051, and inactivates enzymes (Hayes
and Kelly, 300dh; Datta et al., 2005}, all of which could
have indirect cffects on the coagulation properties of
milk and the microstructural properties of chease.

Al Uhye present Lime, data te describe Lthe Lechnelogi-
cal aptitude of milk treated by UHFH are scarce. The
aim of this work was to determing the effect of UHPH
treatment on the cheese-making properties of milk by
comparing this new technology with pusteurizalion
and conventional  homogenization-pasteurization
Lrombmanis,

MATERIALS AND METHODS
Supply and Treatment of MK

Raw whole bovine milk was obtained from A local
dalry farm (8. AT. Can Badd, Roca del Vallks, Spaini
Milk was standardized at 3.6 £ 0.2% fal and Kegt over-
night at 4°C. Hefore all treatments, the milk was
wirmed to approximately 20°C.

Liitrn-high pr homogenization wies enrriod outl
by subjecting milk to single- or 2-atape UHPH (100,
200, and 300 MPa on the primary valve and 30 MPa
of the secondary valve) using a Stansted high-pressurs
homogenizer (mode] FPG11200, Stansted Fluid Power
Lid., Essex, UK) ab an inlet temperature of 30 £ 1°C.
This homogenizer comprises a high pressure valve
ol of cermmics able W support 350 MPa wud o second
preumatic valve able b support up to 50 MPa located
behind the first one. The high-pressure systom con-
alated of 2 intenalficrs driven by a hydraulie pump. The
flow rate of milk in the homogenizer was 120 L. The
inkot tomperature of milk was kopt nt 30°C by o lweat
exchanper located hehind the feeding tank. Tempern-
ture thermocouples and pressure gauges ploced at the
2 valves moasured emparnture and pressure changes
during proceasing. Throughout the experiment, the
range of milk temperature was &3 to 41°C at the pri-
oy valve and 54 bo 8490 ab the secondary valve, Ta
miinimize temperature relenticn aller treatment, 2 £pi-
raldype heal exchangers (Garvin 5A., Barcelona,
Spain) located behind the second valve were used. The
outlet emperature of milk never excosded 40°C,

Milks from UHPH treatments were compared with
raw and heat-treated milks. Pastoarizoed milk (72°C for
15 ) und homogenized—pasteurized milk (16 MPa + 3
M3 at 57 to 60°C, 7250 for 15 &) wore chosen a3 typieal
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trenlmenlks af chesse milk in dilferont cheese variotios
ifresh or ripened), Two-stage homogenization and pas-
teurization of aw milk were porformed with s Niro
Sonvl homopendzer (model X68P Matr. 2123, Niro
Soavi, Parma, [Laly) amnd o Finnmat beatl exchanger
(mindel GREVON0, GEA Fionah Gmbl, Ahaus, Ger-
many |, respectivaly.

The complete @xperiment was repeated on 1 indepen-
dent oocasions.

Partiche Size and Digtruion

The pariicle size distribulion in milk samples was
dotermined using 8 Beckman Coulter laser diffraction
particle size analyzer (LS 13 sories, Beckman
Coulter, Fullerton, CA). Milk samples were diluted in
diztilled water until an appropriated cbecuration wos
ablained in the dilfactometer cell. An optical model
hased on the Mie theory of light scattering by spherical
particles was applied by using the following conditinns:
real refroctive index, 1471 refractive index of Auid
fwater], 1332, imaginary refractive index, O, pump
epeed, 21%. The dinmeter below which 820% of the vol-
ume ol particles are fooand (0,095, Lhe dinmeter below
which 50% of the volume of particles are found (D05,
Lthe volume-weighted menn dinmeter [D{4.3)], nnd the
surface-woighted mesn dimmeter (D032 wore de-
termimned,

Renmel Coagulation Propertles

Milk was warmad to 27, and recombinant reanst
{chynsosin with n dectnred aclivily of 160 International
Milk Clotting Unitamml., Maxiren 180, DEM Food Spe-
clalties, Seclin Cedox, Franee) was sdded st 0.074%
{volfvoll. Coagulation was carried out at 32°C for 30
min, Rennet congulation properties [ronnet congulotion
tire (RCT), rate of curd firming (RCF, and curd firm-
mess nl 30 min 1EFP] wiore nusassad in triplicate by the
Ciptigraph system (Ysebaert Inc., Frepillon, Franceh
This device poasses an infrared beam throwgh n same-
plinge tubs containing milk. A sensor on the other side
mesmanres Lhe amouanl n[lighi absorbed by the milk as
1t ooagulates; the changes are analyzed in real time by
A computer that converts them into directly usable data.

Evailvation of Yield and Molsfure Conteni of Curgs

The poténtial ¥ield of chedse curd was estimated in
quadruplicate as described by Machebocuf'et al. (1883}
Milk samples (270 mL) were warmed to 32°C and re-
oombinant renmet (chymosin with a declared activity
of 180 Internationul Milk Cletting Unitsiml, Moxiren
180, DEM Food Specialties) at 0.074% (volivel) was
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added. Partions of Lhe renneted mmilks (30 g wers Lrns-
forred inte centrifuge tubes and allowed to coagulate
al 32°C for 30 min, The coagulum was centrifuged at
13,000 = g for 15 min at 10°C. Wet yield of curds, ox-
pressed ae grams of retained curd per one hundred
grams of milk, was determined by weighing the olb-
tuined pollots.

Curds were analysed in duplicate for TS content
(I0F, 1887) to calealate their moisture content (100
- TS) and the vield of total curd solids (wet vield =
TE 100

Whey Composiiton: Toial N, Whey Profeins.
and Minerals Conlen!

The total M content of whoy was analyzed in duplicate
by the Dumas combustion method (IDF, 2002).

Reversed-phase HPLC analysis of rennet whey was
performed using an sutomated system (LCM1, Waters
Corparation, Milford, MAL Soparations wore carried
oot in o 2560- « 4.6-mm column packed with C8-bonded
silicn gol with a particle diameter of § um and pare
width of 2000 nm (Tracer Exeel. Teknokronia. Sant
Cugnt dol Vallés, Spaind ot o consiant temperatore of
40°C, following the method of Resmind of al. (188&8),
Residual levels of a-LA and LG were mensured ns
todal area of the respective peaks.

Culeium, Mg, and P in whey were determined in trip-
licate by inductively eoupled plrsma optical emisslan
specirascopy with o Perkin-Elmer inductively coupled
plasma spectroscopy unit (model 4300, Perkin-Elmer,
Shelton, CT) with axinl plasma viewing. The spectros.
copy ul:—m'l.ing condilions ware s [odlows: power = 1.0
k'W; argon plasma flow rate = 15 L/min; argon auxiliary
flow rate = 0.2 L'min; argon nebualizer (bow mbo = 0,74
Lfmin; sample uptake rate = 1.5 mLMmin; wavelengths
(nm farCa, P, and Mp = 317,025, 213,611, and 285,213,
respectively. Whey samples of 1| mL wére transferred to
a 26-mL volumsatrie flask and nitrie seld and dalonised
water wera added to reach a final concentration of 0.2%
{valsoll nitric acid. Standand solutions from 1 mgim
#lock solution of Cu, P, nnd Mg were used Lo prepare
the calibration curvis.

Canfacal Lassr Scaniing Micrascany
of Rennel Gels

Confocal laser scanning micrnscopy phasrvations
were parformed in fluorescencs misde essentially ns Mi-
chalski et al. (2002} deseribed. The protein matrlx of
renneted milks was stained by the fucrescent dye, flu-
orescedn isothlecyanate (FITC; Fluka, Stelnheim, Gor-
many), and the ful globules were slained by Nile md
(Stgma, Steinheim, Germany), The FITC and Nila red

worn dissolved in olthanol al a concenbration of 2 and
1 mgfml., respectively. Milks (10 mL} warmed at 32°C
were dyed with 2 drogs of FITC and 3 drops of Nile
red, Recombinant rennet (Maxiren 180, DEM Food Spe-
clilties) at a concentration of 0.074% (volivol ) wie added
to the dyed milks. Then, 3 o 4 drops of the labeled
rennoted milks were transforrod to microscops slides
with caoncave cavities, covered with a coveralip, sealed to
prevent evaporation, and incubsated in o temparature-
conirolled incabator at 30°C for 30 min. The prepara-
tions were codled and kept at 4°C for o mosimum of 3 b,

Tha confocal microscope (Leica TCS SP2 AOHS, Hed-
delborg, Germany) was cquipped with an ofl-coupled
Ledea abjeetive with a 6= augmeniation and 8 numer-
cal aperture of 1.4. Flooresoenes from the samples was
excited with the 488 nm line of an argon luser. Imogpes
were acquired in 2 channels almultaneously (501 to 549
o anad 574 o 826 nm) ne 1,024 = 1024 pixed slices in
the horizontal ey plane along the » plane at constant
goin and offsef. Three-dimensional images were ob-
tained by the average profection of 4 slices with Lelca
saflware,

Stalistical Analysis

Data were processed by ANOVA using the GLM pro-
ceddure of Statgraphics (Statgraphics, Ine., Chicagn, 11,
Tukey's test was used for comparison of sample data.
Evaluntions wers based an a significance el of P <
D0,

RESULTS
Farticle Sire and Metnibulion

Four parameters [D,0.9, D05, Die5), and D32
as well as the distribotion patterns were taken into
considerntion to sea the effecis of UTHPH an particle
slze and distribution (Table 1)

The slze distribution of particles in raw milk was
charnctorized by a main poak al 98 pm and a secand
lower peak around 0.2 wm, which corresponded to fut
globules and casein micelle particles, reapectively, Pas-
teurized milk showed a similar pattern. As expected,
the sz distribution of homogenized milks chamngod
markedly; their main peaks wore between 0.1 and 0.3
pm for UHPH-Lreadod milks, and approximately 0.4
pim for homogenized-pasteurized milk. Samples under-
going UHPH treatment at 330 MPa showed 5 second
peak, lower but moch wider at 4.6 pm with a shoulder
ut approximately 11.9 wm.

Signifcant differences (F < 0,05 between porabounzed
and raw milks were found for D05 and Di3 25 Homog-
enized-pasteurized sumples showed values belween
thoar of pastourized and raw milks, on one side, and
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Tahle 1. Particle Fixg ) of raw, pastounieed, homngeeaeed-pasiourized. and ulira-high pressure homoge-

mized (LHPED milks

Treatmont® oo 0,05 M40 .28
Foam 507 + 0oa* T 2,000 & D00 063 & 0
Pasigurized 0,16 & 04" 116 & 00" .04 & 007" 050 & ot
E‘I-m[uumm L1 & e 0a% & yF 0B & e 0AaT & 00l
(P
(0] (R0 + u0a? ETRNT a4 + 0019 nas + 001!
130 BR + (0P 031 = 0o 040 + nop 025 & 001
] .43 + 0" 0Zn o 0o 35 + 002 018 & G
W T T 0.25 & 0 0 & 00 021 & 01
bl ] 028 & 001" 0ih = no* o7 & 0’ 18 & 00t
] EARZ § 045 0 ¢ bl 2o & 0,1 022 & a0l

e witlenid cemmmm witpwreer pls wein sapnifeanlly dilleneng F < 005)
"Maan value 1 siandard error. Particle size parnmeters: [L,0.5 and [,05 » ithe dismeiers bolow which
S and GFE ol tha velums of pariclss are found, rospoetively; 104,3) = the velume-weighiod mean diametar

atu] (M3 = iho -lrh'-'u'lh.l.d mann dinmsckor,

ustripod 1720 Tor 1 uk; bomseygon bnind - pasisarized (15 « & MPa st 57 1 800, T2 for 16 0 UHPH
trwnbensnts al FI0, 390, and T30 M FPa e aeteg Soelagn besvwgenieston! 100, 560, and 200 MPa in Gl

thoze of UHPH-Urented milks, on the other. Inereasing
the préssure of THPH significantly decreased all 4 pa-
ramabors, sxoepl for UHIPH trestment al 350 MPa, Two-
stage hoemogenization did not affect cither D08 or
I¥4,3) ot pressures below 300 MPa. However, above 100
MPa, the 2-stage homogenized samples showed higher
D, 0.5 and D43,2 values than their counterpans treated
by single-atage homogentzation. Milk samples UHPH-
treated at 330 MPa showed a D, 08 value significantly
higher than that of raw milk, and a D(4,3) value clossr
to that of raw milk than to UHPH-treated milks.

Rennel Coagulation Properiies

Pasteurization did not affect pH, but hamogenized-
pasteurized milk showed significantly lower pH than
that of raw milk. The inflosnee of UHPH on the pH
highly depended on the applied préssire; below 200
MPa, the values wore significantly lower {Tahle 2).

Hennet coagulation times were very much dependent
o Lhe Lreakosent, although 2-abage homogenizalion did
ot soem to affect it Samples treated at 100 to 130
MPm hoad significantly lower RCT than row milk. In the
car o milk Lreated ab 2080 to 2390 MPa, ROT wore alsa
signifeantly lower than that of rw milk but similar to
that obtained with homopenized-pasteurized milk. On
the other hand, the RCT of the samples treated at 300
to 330 MPa wera similar to thase ohitsinesd with pasteur-
ized and raw milks.

Twoeslnge homogenizntion in 2l UTHPH trentments
significantly (F = 0.05) diminished both RCF and CF
in redation to their homalogues breated by single stage.
The values of RCF wore clther sipnificantly lower or
#imilar to those of raw milk. The UHPH treatments at
200 and 300 MPa and heat pasteurization significantly
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increazed RCF compared with raw milk. However, oniy
the UHPH treatments ot 200 and 300 MPa résulted in
sigmnificantly higher CF than raw milk.

curd Yield and Molsiture Comtent

‘Wl yiekds and moisture contont of the curds obdai ned
from the UHPH-treated milks were significantly
greater than those of homogenized=pastourized, ps.
teurized, and row milks (Table 3). Increasing the pres-
sure from 100 to 300 MPa inerensed wel cund yield
by approxdmately 33 to 66%, and medsture content by
upproximately 11 to 18% compared with row milk. Swm-
plea treated at 150 MPa ehowed sipnificantly Inwer val.
ues than samples treated ot 300 MPa.

Conventional pasteurization and homogenization-
pasteurization increased the yield of total curd solids by
approximataly 7% compared with raw milk. For UHPH-
treated milks, the increases wore approdmately 4, 6,
T, B, 10, and 11% al 130, 100, 34, 250, 330, and 300
MPa, respectively.

Whey Composition

All treatments ggnifieantly (P < 0.08) docransed the
amaunt of total N in whey{Table 41, The UHPH samples
showed a decrease of approximately 2 to 2% correlated
Lo the incrense of pressure, Above 200 MPa, the aifect
of UHPH was much higher than those of the pastéuriza-
tion aned homogenization=pasiourization Lreatments,
although the 2-stage homogendzed samples did not dif-
fier from their single-stage homologues, The same re-
sulis wore chserved for LG content of whey (Table 4).
For a-L, althvwgh no statistien] differences were found
hotween whey from raw, pasteurized, and homoge-
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Table 1. pH and ronest congulation pregartios Imuﬂnhtm Lims IHLT!. rada of cuwrd firming (RCF),

e cuerd frm VEFi] of rar, anad ulirs-high pressurs

ILHPH) milks’

Troalmenl? nH BT (et REF (mMdniii CF (mAl

How 675 & oM 743 & 013" 1.37 & oyt 13,33 & OET

Pastourized ATH & oo TEE & DB 147 & 0y 1AD & 084~

Homegenizod—pasoureod 672 = oo E91 = 015" o & g’ 2l + 016

UHEH (M Pas
1] 652 & 0O Bd4 £ 0P 107 = 0,10 11,61 & 0770
] 51 & oo’ BIA £ G237 077 & drd A2 + 054"
M} 668 & oo G0l 4 D20t LB4 & 007 IR0 & 031
a0 a484 = Oopt 7.0 + 000 142 = ﬂ 1100 + 027
Ty 675 & QOpE TEG i D0 1.72 & 1440 & 0l
a0 AT4d & 000 TE & Dl 192 & l}.l'.lﬂ" 1175 « nagt

* "aluee withewl common supsrseripts wero signifieanily differest (/7 < 0058}

'Moan vahss = siapdsrd arror,

“Pasbonrrizid { TIC for 15 0 homopent gl pasteurseed (16 + 3 8P ol 57 108070,

TEC e 15 0k ITHPH

Lressismenta af 130, 2590, aid 290 M made tsing Tatngn homogesiotion: 100, 300, ased 900 MPa in fire

walve and 30 M o secoiid valve,

nized-pasteurized milks, all UHPH treatmenta showed
a significant decroase of o-LA in whey compared with
raw milk. Denaturation of ALG was more important
than that of o-LA; levels wore obfained of up to approd-
mately 35% for LG ot 300 and 3530 MPa, and around
12% for o-LA at 300 MPa.

Cinly the whey obtained from UHFH treatments per-
formed at 100 to 130 MPa and 300 to 330 MPa had
gignificantly higher or lower nmeunls, respectively, of
all 3t mineral salta (Ca, P, and Mg) compared with raw
milk i Table 5. Whey from milk UHPH-treated at 200
MPa had amaunts of Ca and P and a lower
amount of Mg than that of raw milk. Whey from treated
milk ot 230 MPn presented similar amounts of Co and
Mg and higher amoeunts of P than raw milk. Pasteurized

nma.wupuanminmmmumrmum pEALoar-
igind., homogenased -pastiuriaed, and wltrachich proasare homoge
miged FLIREEHED milis’

Muistzry
Tromlauml® Wil yiakd (%) corlend i
Haw 2198 & vag B4.76 4 gk
I'l.dn.l.l'l.lvd FLIN 3 0S8 EL4D & DOW
| 1 | SRR 4+ 047 FEER & 1P

UTHPH (M Pa)

o0 A% + 057 T892 = oo
(k] Hil & 0517 Thod ¢ 05
20 AT & 076 7435 & 024
il ] T 76 & DAT TR0 & BIRT
0 b L LA Tl TEAT & DO
RET) TR T Th8G = 00

W el b wurry s eankly ) Medwil
P U

|8l vabas i standsrd arror

FPastourized | TIU far 15 o); homsogenized—pasteurized i 15+ T Mi'a
al BT le BFCE, T for 16 sk DHEPH brenbmenis ad TN, 25396, and 350
MI's made using Zstape homogenization: 100, 200, nsd 300 MPa in

and homagenized-pastonrized samplea showed lower
amounts of Ca and Mg and similar amounts of P com-
pared with raw milk.

Confocal Laser Scanning Microscopy
of Rennet Gels

Confocal micrographs of rennet gels revealed the ex-
istenee of vizual differences between trentments in the
protelnaceous matrix and fat globule size as well as at
their internction (Figure 1.

Rennet gels from pasteurized milk were similar to
those obtained from raw milk. The micrographs showed
A porous structure of the casein netwark with natiee
milk fat globules mainly located in the semim pores of
Lhe gpols {resulls mol shownh

When milk was homogenized-pasteurized, the ren-
neb gols presentod open mabrices; serum pores weoe
large, frregular, and delimited by thick and lumpy
sirands, Nile red Moorescones revenlsd that ful globules
bl different locations depending on Lheir size (Figune
1ap The smallest fat globules (0.6 am) becwme purt
of the proteinsceous netwark, explaining the thicknoeas
of the strands. The gels présented many strands that
ended with midsized Gt globules (<1 pmi Langer fat
globules (~1.5 o 2 um), which accounted for a very
emall number, wore retained in the serum pores.

Although LIHPH trealments ab 100 MPa showed a
grediler amount of smaller Mt globules and few larger
globniles (-~ to 8 wm), the general aspect of e matrix
wag rather similar to that of homogenized- pastourized
milks  Figure 1k, The second stage at 100 MPa reduced
the size aof the largest fal globules (-3 pm). Moreover,
the structure of the gel was smoother with smaller
pares. However, the smunllest fut glotulos were also em-
bedibedd within the proteinaccous network,
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'l'lthTuhﬂHmnﬂmﬂlﬂmmm#w1mnmﬂm'lﬂ'ﬂmm ponks )
i wiheesy of i, s nesd whrs:high pressure bomogon ined | LT millo
Treatment® Tolal ¥ %5 wld LG
Foam B4 & ot 4108 & 155" 1I05.71 &+ 5.00°
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Micrographs of gels from single-stage trentmenis
above 200 MPa showed that Nile red fluorescence at
the level of the proteinnecous nelwork wis markedly
weaker (Figures 1c and di. Rennet gels from milk
treniedd ot 300 MPa revenlad tight matriees. Tt should
be mentioned that micrographa from UHPH-treated
milk nt 500 MEPa not only hod lowar lovels of Nile red
Auorescence but also lower FITC fluoresconce ( Figure
1d).

The secand stage above 200 MPa provoked the cont-
ing of midsized ful globules; thiz phenomencn was more
vizible as the pressure ot the lrst valve was increased.
Moreover, the protelnscecns matrices, which were moras
lux than these of rennet gels from single-stge trented
milks, were strongly stained by Nile red (Figures le
und . Two-stage UHPH tresiment st 300 MPa jro-
vioied the formation of aphorical proteln agEregates sue-

rounding a lnnge number of noncoated, midsizsd (it
globules -2 pm; Figures 1g and bl

DISCUSSION

Effects of Heat and Conventional
Hoemegenizallon Trealmenls

Mild heat treatmenta are consldered o have no or
little effect on the whey proteins of milk, although there
are roports that heat pasteurization (72°C for 30 = or
TFC for 16 &) could cause denaturation of approxi-
mately 7% of the whoy proteln fraction of milk (Jelen
and Rattreay, 1995). Our results showed thal pasteur-
i1zation heat treatment af 7250 for 15 & was suffident
to reduce <5% of the total N of whey, with levels of
rosidual LG and o-LA belng -5 and 1.4% lower, re-

Table 5, Whiy composition in minerals of raw, pasteuriosd, homopenioed-p iaed, and ulra-high
pressurs homopeniesd (UTHPH) malks'
Mimwrals imgfld
Trenlmunt? Ca P Mg
Harme a7taa + a1y FLiT i Bl HE24 + LRE"
Taslowrizs] ATLE & AAR A48 ¢ LRY AT29 a LA
H 1ol 47y & 01E £M17 2 L Baw + Lag
LTHIH ( MPai
pLee] 42 4 761 46173 o 200 BB28 4 121"
E AMBE ¢ AT ATL16 ¢ 475 e ¢ 1,17
L] O8E20 ¢ 5OF 7D o 4 T
s ] ML & 1247 248 & s o1 & LT
J00 A5 10 & 1568 41491 o T BAED & 14~
a0 IGLHEE & 0o 41060 = 2TY B335 & 1217
LI 1P la wrre aigmili by delTorenl (P « LR
:H-n'rﬂuu‘fll.-‘d.llﬂm

Pastuurizsd (T2 for 16 sk b

tel (10 3 MPr st 57 e BO0PC, T2°0 for 16 sk UHPH

treatments a1 L0, T, snd TR0 Ili‘lm.ld.nld.l'ﬂ-ﬂm Beosmogonization: 100, 200, and 200 MPa in frst

walve awd 30 M P in socoin] wdoe
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speectively, in whey from pasteurized milk oompared
with untreated milk.

Furthermore, heating has m moarked effect on the milk
salts equilibrium and thelr Interaction with casein. It
i# penerally apresd thal heating leads (o a decrease
in diffusible caleium and inorganic phosphate, due to
procipitation of caleium phosphiate, which may be -
vorsed depending on the intensity of the treatment
(Gauchéron, MG, Under our experimental conditions,
the decreass of Ca, F, and Mg in whoy from pasteurized
milk suggests o mineral transfer from soluble to callof-
dal phase of milk-

Milk pasteurization has only minor effects on the
formation and physieal properties of rennet-induced
milk gels (Lucey, 1885). In our study, pasteurized milk
had ne significantly different RCT and CF in relation
to untreated milk. However, mare 2evere heating eomdi-
tions impair renneting milk properties (Dolgleish and
Banks, 1991; Guines ot al., 1996, 1997, Singh and
Woungana, 2001k The eauses have béen broadly inves-
tigated even though they are not yot fully understood.
Both the engymatie ael nonenzymatic phazes of rennel
clotting are delayed and the RCT is lnger than that
of unheated milk. The strength of renneted milk gels
i= alan adversely affected in heated milk. I1E has been
established that when heated, LG and w-casein form
uu.qnp'ln:t by sulfvdeyl-disulfide interchange sl tha mi-
orlle purfaces that reduces the aceeasibllity of the ren-
nel Lo the s-casein and provides steric hindronoe bo
close approach and fusion of paracasein micelles, More-
over, heat induces the deposition of ealcium phosphata
and the consequent recluction in nalive calcium phios-
phate, which ig importunt for cross-linking porscie-
oin micellng.

Incorporation of denatured whey protein in the curd
fram pasteurized milk did not increase the modsturs
content of the curd compared with raw milk. Howaver,
the yield of TS of the curd from pasteurized milk wais
~7% higher than that from raw milk, which i probably
tue Lo the Incorpornbion of denalured whey proledins
Into the qurd. According to Law et al. {1880 pasieuriza-
tion (B3°C for 30 min} has litde efect on Mt recovery
in cheese bul N recovery I8 improved, amnd approxi-
muitaly 5% of the whey proteing are pssoctited with
caarin micelles after pastourization, reaolting in an in-
croased theoreticnl chedse yield.

During conventional haomogenization, the fat globule
sire is reduced, the fat surface area increases markedly,
nnd n new mlsorbed Inyer consisting of milk pml..nln.l
imalnly casein micelles and caseln subunits and whey
proteinal is formed around the it globules (Cano-Ruiz
and Richter, 1867, Our resulis showed a marked redoe.
tion of buth volume- and surfnee-welghted mean diame-
ters, from 2.9 ta 0.5 em and 0.6 to 0.3 wm, respectively.

Journal of Dainy Scencs Yol B0 Ma. 1, 2007

IL has ben reporisd Lthat homogenization processes
do not affect the distribution of caleium in milk {Kobson
and Dalgleish, 1984) In our study, the amount of Ca,
P, and Mg in whey of homwgenized-pastourized milks
died not differ from thess of pasteurized milks.

Homogenized-pasteurized milks presented  lower
RCT than raw and prstaurized milks, resulls that have
alza been ohaerved by other authors (Robsan and Dal-
gleish, 1984, Ghosh et al., 1994, Cuinee of al., 1997).
The lowar RCT of homogenized milks conbd booxplained
by the fnct that most «-caseln I8 located on the micells
surface, As the casein enrobes the il glotules, the -
casein lovel is effectively diluted and a smaller critical
lewed of «-easeln hystrolvais ia required to start enaguls-
tion (Guinee et al., 1987L Furthermore, homogenlza-
tion incresses the surface area of cuseln by o spreading
proceas, s-casedn being mare avallable for chymosin ac-
tion, amnd thus, reducing RCT (Ghash of ol 1994)

In the surrent stody, the CF of homagenized milks
was reduced by approximotely 23% compared with un-
treated milk. The weaker gels from homogenized-pas-
teurized milks could be attributed, seconding Lo differ-
ont authors (Humbert of al., 1880 Hobson and Dial-
glelsh, 1884; Ghosh ot al., 1884}, to a greater dispersion
af fatin the curd, toa redoesd nomber of easein particles
available to form o strong network because some of
tha cagain i2 Had o the surfass of the new formad fat
glabules, or to the small fat glohules that are entrapped
in the gel disrupling the conbinuity of el strocdome
and acting as weak centers in the gel. Confocal laser
scanning microscopy revealed fat globules embedded
within Lhe protein mabnx resulting in thick and lhumpy
Elranads and o coneomillant coirser bexbure,

Compared with single pastourization, the homageni-
zation-pasteurization treatment produced higher (F <
0,05} amounts of denatured 5 LG and significantly in-
creased the moisture content of the curd. Homopeniza-
tion af milk mesaulting in slower whey drainege of the
curd has been observed by several researchers (lum-
el od al., 19680, Groen ol al., T9EE Ghosh ol al., 19941
The effects of homogenization on the molsture content
of the curd have been otiributed W the higher incorporn-
tinn ol dénatured 5-L4: and the alterstion in the pro-
Lain-mt structure of the curd.

Effects of UHPH Trealmenis

In seenrdance with Hayes and Kelly (200a), amaller
fat globules were obtained by applying préssures below
0l MPa at the sccond valve, Thus, the second valve
would ot ks the secondary stage of o normal homoge-
nlzor; that is, stopping or decroasing coalescence. Many
studies hove shown that above a eritienl pressure, there
12 an increasrd ausceptibility of fat glabule soleacenos
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(Floury ot al., 2000, 20048 Desrumaox and Marcand,
2002, Abwve 200 MPa, the secondary slage nol caly
incramsed e avernge size of particles bul also widdenaed
the distribution: (et is, higher heterogenelly, com-
pared with gingle-stage hamagenization. This may be
dus to partin]l sgglomerstion of very small, insuffi-
cléntly coated globules that collide within the second
valve. Thishasd ob al (2000) delocied very small fal
glotrules (40- to 80-nm droplets) in single-stage UHPH-
treated milk st 200 and 100 MPa, and the impact forees
that mcl on I.h.pdrup'lnl.ln.u the resull of @ collision have
neon determined as sufliciont to eanse dizruption of the
interfacial membranes (Floury o al., 3000). A broadern-
ing of the size distributions wias observed for single-
slagpe UHPH of warmed milk (Thichawd et al., 20035,
and model ofl-in-watar emulsiens (Floury ot al., 2000)
at W00 MPa. The formation of largoe particles was atirib-
wbed to unfolding and aggregation of whey proleins of
the newly created droplets. In our case, 2-stoge UHPH-
trosbod milks al 350 MPa showssd much broacder size
distributions. Confoenl lager scanning microscopy of
rennet gela revealed that this phenomenon wis dus o
the aggregation of well-defined small it globuales
within dense protelnacesus structurce (Figures 1g
andd hh

Milks UHPH-treated bolow 200 MPa showed similar
gl strength sompared with homagenizs-pasteurined
milk. In fact, the protein mustrices of the rennet gels
ohserved By confocal microscopy were very similar to
those of homogenized=pastourized gols; that is, thick
and lumpy strands giving a roogh texture to the matrix
(Figures 1a amd bl However, their congilation Limes
ware lower than those of homogenized-pastourized
milkz, This decrease eould be sttriboted to the lower
P af LHPH-Lreated milks, which would enhance chy-
mosin performance, At these pressures, the tompera-
ture during procesaing never excecded 80°C, Thus, e
decrease [n pH could be attributed to the action of resid-
unl indigenous lpopeotedn lipase after UHPH trest-
manl. Treatment with UHPH incroased the interfucinl
fat surface by decreasing the average size of particles,
which would lemd to a grester potentisl for lipalys=i= o
oeeur (Huyes and Kelly, 20030; Hayes et al., 2008).

Mineral equilibrivm in milk is very dependent on
phivsicochemical parameters; that is, pH and tempera-
ture, The distribution of ions batween the different frac-
thons of milk (diffusible and nondiffusible) is defined by
the balance between thess factors. The pil of milks
treated at 100 to 130 MPa eould be, o some extent,
reapansible for the higher amounts of minerals in thedr
whay, As pl decreases, Lhe acido-basic groups of milk
constituents bocome more protonated; henee, micellar
caleium phosphateand the amall amount of magneatum

associnled o casein
(Gaucheron, 2005).

Single-simge LTHPH above 200 MPa prodoced the
smallest particles with the narrowest distributions. A
further reduction of Mt globule gize and the increase
in interfacial fat surface would lead to a higher adsorp-
tion of ensein and whey proteins (o the mewly formad
fat globules. Sandra and Dalgleish (2005) reported &
decreased micelle average size in skimmed milk by in-
creasing UHPH pressure. Thoy suggested that UHPH
woukld not cause complete disruption of the casein mi-
colles but rather dissociale parts of their surfces, The
obtained particle distributions corroborated that cascin
micelle fragments, rather than intact easein micelles,
wonld surround fat globules (Hayes et al., 2005). Thus,
very small ful globules would behave o cnsein micelles
rather than embodded fat globulea shacrved in nermal
homogenization or lowsr LTHPH pressures, Suc struc.
tures could enhance gel firmness and rate of aggrega-
tion by incrensing the amount of particle nssociations;
hence, leading to the higher RCF and CF values ob-
sarved for milk UHPH-trented al 200 and 300 MPa,
Confocal micrographs of rennet milks trested af 200
and 200 MPa showed bower lovels of Nile red fluores-
eenee at the level of the proteinaceons network | Figures
1 amd db. This could be explained by the fact that mare
than 60% of thair parifcles wors bayomd the resolution
threshald (023 pmipixel,

In early studies on UHPH, no denaturation of whey
proteins was reported (Hayes and Kelly, H0dda; Sandra
and Dalgleigh, 20051, However, the temperature of the
process in Lhese shudios never exossded 5570, Our lem-
perature values during UHPH treatmenis were much
higher (from -55 to $5°C), presumably beeanse of differ-
ent experimental designs (Le., n much higher flow rate
and relatively Inrper valumes of milk being proooasesd |,
Ifonly heat effect is considerad_ at -65°C, whey proteins
slnrl o denabure aml inlerscl wilth oesedin micelles
(Singh, 1993} However, in UHPH, simultanccus heat-
ing and homogenizalion prooesses exisl. In Dscl, Hayoes
ot al. (35, treating warmed milk op to 250 MPa
thot reached 53.6°C, sugmesied Lhal the physienl foroes
eapericnoed by whole milk during UHPH also dena-
tored LG, Our results showad that the aoounl of
denatared 5-LG was much greater (17%) for UHPH-
treated at 200 MPa, which reached approximately 7670
for m very short time (<07 8), than for prsteurizesd milk
at 72°C for 16 5. SBuch results corroborate the idea that
nok only heat but also homogenization forces inducs the
denaturation of whey proteins. Increasing the pressure
Tl b higher recovery of N in curd with lower leviels of
resldoal £ LG and o-LA in the whey.

Az previvusly mentioned, both the pH of the milk and
the temperature reached during the treatment affected

Joumal of Dairy Soancs Vol B0 Mo 1, 7007
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the mineral equilibrivm. Moreover, THF'H produoces
partial disruption of casein micelles (Sandra and Dal-
glajsh, HH5) that could lend Lo s transfer of calcium and
inorganic phosphate from the micellar to the diffusible
fraction, The balance between these factors could ex-
plain the differences abserved botwoen the trentments
ot 200 amd 300 MPa. The facl thot whey from milk
treated at 200 MPa showed higher amounts of ealeum
than whey from homogenized-pastedrized milk could
be expinined by both the release due to disroption of
caeein micelles and its slightly lower pH value. In con-
trast, the amount of minerals in whey from milk UHPH-
treated at 300 MPa, which was lower than those of
the ather treatments, supgests o mineral transfor fram
soluble to colloidal phase due to heat during UHPH
trenbment.

AR prossure was increased, the RCT of milks was
prolonged. The differences botwesn RCT at 200 amd
300 MP*a eould be explained by the relative effect of the
following factors: 1) the spreading of «-casein: that is,
higher avallability and lower critbeal level for chymesin
wetivn; 20 denaturation of &LG; thal is, stleric hin-
drance; 35 Lhe pH of milk; pnd 4 changes in the copcen-
tration of calclum between soluble and colloidal phases.

Inereasing UHPH pressure bed to a higher recevery
of N with lower levels of residual ALO and o-LA in
whay, and highar TS yiald and moksture contant of
curdz, The shaerved differences between troatments
oould b explained by varialions in 1) the associalion
of denatured whey profeins to the surface of cascin
mielles, 2i the reduction of fat globule size, 35 the incor-

of danatured whey proleins and casein micelle
fragmenis al the il globule membrane, amnd 4) the mi-
croatructure of the resulting gela. The association af
whey protelns at the micelle surface by heat sterically
impedies the fusion of rennet-aliered micelles reanlting
in less shrinkage of the paracasein nétwork (Singh and
Waungann, 2001 ). Moresver, the incorporation of denn-
tured whiey protedns into the gel matrix increases the
wnler-binding capacily of Lhe paracassin-whey nelwork
{Singh and Waungana, 2001 ). The reduction of fat glob-
ule size implies o dispersion of ft inw an increased
number of amaller globales. The newly built surfaces
are modified by the presanes of adhering ensein jurti-
clea and hacome part of the paracassin notwork, thus
hindering shrinkage of the network (Walstra et al.,
18651, The water-holding cipacity of curds is dirscily
linked tothe microstructure of the gels; that is. porasity
or permsability (CGiroen ol al., 1985 Walstrn o al., 1985;
Loeey of al., 2001). Green of al. (1883) observed that
curds from conventionally homogenized milk had a leas
ooarse probein network. which retalned molsture more
effectively than cunds from nenhomogenized millks.
Greater firmnnas, attriboted to greater protedn enntont
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and croxs-l nking of cusein by denatoresd whey proteins,
lemds o higher volume of the network relutive e Lthat
of the interstices, and thus a reduction of the reative
case of movement of the sirands in the protein network
iireen et al., 188 Lucoy ot al,, 20011,

As alrendy stoted, 2-stage UHPH above 200 MPa led
o groster averape particle size and higher hoterogons-
ity than single-stage treatments. The obtained rennet
pols slhowed similar Srmnoss to Lose of homogenizesi=
psteurized and 100 to 130 MPo UHFH-Ureated milks.
Conlocd]l microscopy revealed 8 higher number af fat
globules embedded within the proleinoceous malrix
giving a rougher texture ta the gels than in single-stage
LTHPH (Figrures e and 0, These resulbs corroborale Uhe
hypothesis that 1) embedded fat globules, which lead
to thicker strands and a conedmitant conrser matrix,
are responsible for weaker gols, and 2) the prosence
of very small ftl globules bohaving 4= casein micelles
results in stronger rennet gels.

CONCLUSIONS

Thie resulls of this =tudy ghow Ll THPH treatment
af milk reduced fat globole size, Incroased the wet weld
of curd and it meisture content, and decreased the
protein content of whoy. The rennet coagulation proper-
Liess worre enbanced Dy sdagrlo-slagm UFIPH al 200 and
300 MPa. However, taking curd firmnezs into ascount,
the application of & secondary stsge produced wesker
pels similar Lo those obtained by convenlionnl homoge-
nization—pasteurization. The improvement of cheese-
making proparties of milk by UHPH eould be attributed
to the combined effect of homogenization (ie., reduction
of parlicle size) and hent (lo., denstumbion of whey
proteins) on the prolein-fut etructures of the milk.
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Milk fat globule membrane proteins of individual goats were charactensed using one-
dimensional S05-PAGE analysis. Many differences were observed berween bulked caprine
and bovine milk samples. Goat sample showed much higher content of xanthine oxidase
andol miner proteins compared wilh i sample, Amuong individuale 2 high heteogeneity
wou e berved: 32 Bands were identiBed of wiich 19 were present in all caprine samples,
Several previngsly nom-described bands wene desrored. o coreelarions Berasen far onn-

H#: " . teml o milk, e sice ol Lt globales s oial protein ol veassd creamm seene ol
Mkl far gintede memhrane Heraewer, borh the amaune of procein and the romrelations amoag them enald be linked 1o
Goal ik their physologecal role, |2, general or specific transport, cell signalling, metabolism and

Imimyune fumcrions.

1. Introduction

Milk Lat glolndes ane surmosnced by o membrane com
pased mainly of proteins, phospholipids, glycoproteins,
mriglycerides, cholestersl and enzymes. This membrane,
wwhich is knovam as the milk fat globale membrane [ MEGM],
consists of several distiner layers of different origins. Pre-
cursors of milk lipid globules are lormed af theendoplasmic
retioulum of mammary epithelial cells and are released into
cytosol as lipid droplets surround=d by 3 monolayer coat
of proteins angd phospholipics. During secretion, milk G
globules gain the outer bilayer coar from the apical plasma
membrane of secretory cells (Keenan and Mather, 2006).

Bovine MFGM was initially characterised during the
19705 and 19805 by isoclectric focusing with SD5-
FAGE gels. The studies published during the fellowing
decade were mainly focussed on the purification of
mapr MFGM proteins and their sequence wlentification

& Correspasding aurhar @ Ceniee Espeial oe Receera Planta ae Ter-
mologia dels Aliments (CERPTAL Departamend de Cidncia Animal i dels
Alimenes, Familan oF Sereradri, Unverses sminoema de Rarceinna,
U159 Bellaferra, Spaii Tels « 34 DR T, Fas. + 34 UISH LG,

E ol gdidress; toni Srapilleiheaboes 1AL Trujillol

N21-44BESS < e frond matier & 2000 Elsevier BV, All rights resenved,
el B0 AN AR senal lesra e 20HHLN 2 090

A0 AN Elissies BV, All righiln reerved.

throagh immunalogical methode and M-terminal sequenc-
ing. The proteins of the bovine MFGM were reviewed by
Mather ( 2000). Technological advances in proleomics, eg.,
mass spectrometry, and genetic technigues. ise. moleou-
lar cloning and compurer-assisted sequence analysis, have
recently led toa hetter knowledge on human (Cavaletto ot
al,, 2004) and bevine (Reinhardt and Lippolis. 2006: Fong
el al, 2007 ) MIFGCM proleins.

The physiological role of MFGM proteins is not com-
perely undersiood despite an exrensive research has been
conducted. some of them are evidently involved inomalk
far globule formation (Heid and Keenan, 20051 In recent
years, several physiological benefits of these proteins have
been detected (Spitsbenz, 2005; Dewettindk et al., 2008,
Howewer, some of these proteins have been linked oo
human pathologies [Riccio, JB0L Moreower. MFGM acts
a5 2 natural emulsifying agent, preventing fiocculation and
coalescence of faf gloldes in milk and protecting the fat
apainst enzyme action. In recent years. there has been
increasing inlerest in invesdigaling thwe potential apglica
tionsof MM infocd systems, as reviewed by Singh [ 20006)
and Dewettinck et al. {20081

Goal is an economically important species for which
milk samiples frem individuals are readily available. In con-

trasl o the extensive work on heman and bovine malk,
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very few studies on MPGM have included goar's milk since
the review writlen by Jenness in 1980, Up o date, Lwo
caprini MEGM profeing have been characterioed, Lo, MLICT
[Campana e al. 1992; Sacchi er al. 2004 and xanthine oxi-
dlase [ X0 (Atrmani et al., 2004). The xirm of the stucdy was to
characterise the protein composition of goat's MFLM

2. Material and methods
Z1. Mk sampies

Milk veas ool e inadividually from 10 Murcane- G ranadina poats of
the Lingwersitat Aotnoma de Bancelona tarm, Bellaberra, Spain, of week
AR altwr jwies o, Rulloedd sl sarmple of | e whole leand and o bulked
Lrrwine milk sample were collecDed as intennal indicaior. Milks wene kepl
at & "Cllor further isclaton of the MPLM material,

23 Merermimanan of mibk far s and ghabele SWTaEe T

Fan comeent of the imdivedual meliis was desermined by the roamine
mehusd (150, 10761 Determinabion of e sverape [ globule size Y325
[wulume surbace sverape mean diametes | wae camied vel using . Becknan
Coulter laser diffraction parnecle se analyzer (L5 13 320 senes, Beckman
Comabts, Follriton CA, UEA] Mk sampsles weoe diluted in distilled waler
unisl anappropriabed cbscurationin the dilfraGometer cell was obiasmed,
Am mptical maedel Based am Mie thisory of kght scanenag by sphenical pas-
Erches was applied by wiing the lollowsing coneditions: real refractive index.
1471 refracerer index of fued (warer), 1.503; imaginary refracnee index,
U5 pump speed. JUL

23 Bedalion of MPCM material

Srparatiem of the Gl prhase Somoihe sensm was done by centaifuging
milks at 1M} = g Pbor 20 min af 200 -0 after additeon of 200G g of seomse
per 100 o evalle, Afver conling, rhet tnip Layer (eream) wars reemaved nom
Uire cemtnifuge fube using J spaboka The oo of MM malenil wae
periormed ancoeding e modified mezhasd of Ye e al, (3003 The cream
was washed twice with simulated milk uliaiirale (SMUF; Jenness and
g, VS e (e 1 B s et J e e ] Cenniluged of 10500 « ¢
foor WY minar 200 Afver conling. thie pog layer s eollecoed,

24 Derermimanon of WishsT STeam profen caneme

Total pererim comest of the washed corams was derermaned um dupli-
cales thwough the Dumnas combustion methed (IDF. 20001 by determining
total nEtrogen and mulliplying by & [actor of .38,

25 Eectrophonedy

Profein compodition of MPELM Irom washed creams was dites-
mined By SOS-PAGE. Samples of washed cerams (D35g) wene sus-
pended i 05mL ceduciog buller (65 Tris-05M. WX pyverol. ST
¥ et reaptcet hamal, % 50 and OULE Bromephenod bluel bamples were
heanesd ar 95-C fiar 5 min asd chen cenimifuged an 2500 . g for Wmin i
orcier b e L Bl o Lhe sample. Sepeamalants (3001 15 gL} were
Ioaded cenn B% and 15X SDS-polyacrylamade gels (206 and 37.5% Aonyl-
Bis at 40, respectively in 1.5 8 Tiis - HO bulMer, pH 8.5 for separaling pel:
T Acnyl-Bas ot &I, in 05 M-Tris<HC] bufler, pH LK, hor stacking ged]. &
rsbroslar s mdilers (Tigh casgpe Brom 30 1e 212 kDb o wdde rangr: fress
144 it 21200, Amrescs, =olon, UhA] and milk protean standards, albu-
min, caseins, r-Larralhumin and f-Larreglosin | Sagma- Alanch Cheeme,
Steinheim. Lemmany | were applied o exdh pel. Lels were run ot J200Y

uzg o P ecka Bivlesh geoweer supply wild (el EFy 2300, Pl
cia Bioech, Uppsala, Sweden ), Proozsin bands were stained vich a solacion
of Compmassie beillisnt bie B 250, Gely were destained wilh 2 solution off
methanol and glacial acetic acid 3 concentrations ol 1) and WmLL-",
orypmctively, Scanned Emapes of the deusized gl were arabped usng
Ehe {AmershamF ia Hiodech, UKL
The apparens mokecular sass (8] of che haseds on che STES-PAGE was FTi-
mated Erom ihe moksliEy of prefeing in the ged when comganed with the
mahiliry of the moleoulkar mass markers, Quangiflicanon of edwsdual pm-
DN WS hene i eTRarion o rhe ANbumen ernrmal sanidaed, and Fapressed
a percentage of the total MFGM protein.

20 Mathtioal analysts

Ratictical analysis of experimental daka was performed by correlation
amahyus wang Sargraphes (Sagraphics, Inc, Cheeags, 0L Sgmiflcanoe
levels usesd were g IL00 arad A,

3. Results and discussion

3.1 Fat content of milk, average size of fiut globules and
todal pratein of washed creams

Milk fat contents ranged from 3.35% to G.OOX with an
aeerage of 477 (Table 1) Such results are consistent with
the range 4.5-GAE that has been reported for milk of the
Murciana-Granadina breed {Ramos and Juarez, 19930 The
weerage size ol globules waes 3.07 pm, ranging Iom 2,66
to 3.70wm. which is consistent with the results of other
authors [Attaic and Richter, 2000). The average ol tolal
MFGM protesns accounted for 782 mglg fat, with a range
of 5.35-9.75mg'g far.

32 MFGM proteins

In general, caprine and bowine MFGM resemble each
other closely {Jenness, 19800 Thus, the protein composition
of caprine milks will be compared to that of bovine mille
Many differences were ohserved berween bulked caprine
anel bovine samples [Line 3 and 2, Figs, 1 and 2 ) Goal sam
ple showned a much higher content of 3 protein with Mr
150kDa amd ol minor proleins compared with the bovine
samiple. Taking into account the pratein pattern of individ
ual samples. a high heterogeneity could be observed (lanes
4-10, Fige 1 anl 2); 32 bancls were identified, of which 19
were present in all samples. However, none of the goats
presented all 32 bands. Six caprine samples had 26 bands,
wiile 1. 3, 3, 4 and 2 were the number of samples that had
23,324, 25,37 and 28 bambks, respectively.

120 MUCT

MU 1 is the largest protein of the MFGM (Mather,
2000). Many studies with cow milk have shown thar the
apprarent Mroof this protein ranges from 120 o 20k
depending on the breed (Mather, 2000) In sheep and cow

Tahie 1

Spaeraical summany of poral MFCM preess conreni, G glabole siee and Gr eonoenn of el

Fagton HAverage (n- 1) Mlrmsmram Maneran CurefL ol varistiom
Tiokal e (g Bk TEY 535 0TS HEX
3.2}¢m) kL Lk im0 5%

Fat onmient (E) 477 1% (] 151K

B2 ol sl average mwam diamecie,
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Fig. 1. 3% podyarrplamide prl ol wasked MPGK (lane |2 W saedand: laae 20 bolled bovies milk; kane 13- bolied caprine milke lases 4-10; isdivesual caprine

malkil

this pratein moves further inta the running fel than in
goat (Welsch er al. 1990): the goat amalogue may be a
ronsiderabily larger profein (Caompans ef al, 1992 ) Al the
caprine samples showed 3 band with Mr ~Z2SkiDa both
in the B and 15% acrylamide gels (Table 2 Howewver, in
the 8% gels, 475 of U goats showed a second Dand wath
Mr 215 kDa. These resulis are in accordanee with the fact
that this protein is pedymorpliic in many species [Patton
and Fatton. 1890; Huott et al. 1995) and. specifically, in
goats [Campana et al. 1992; Sacchi et al, 2004 ). Both bands
actounied for 0.7% of the tolal MPCM profein on average.
MUC 1 corresponds (o 1.21% of the weight of bovine MPGM
[®vistgaard et al, J00A) However, a8 MUC 1 i 3 glycopnn-
tein that poorly stains with Coomassie blue and s readily

a1a
ns

Fig. & 15 polysoylamide gel of washed MPGM (e 1: Me stadard; Lane 2:
caprie malks),

dissalved in the aquesus serum whien cooling ar stimring
milk (Mather, 20000, these results should be taken as a
reference Bor individoal comparison amd correlations with

factors and between proteins.

322 Xarthine oxidase

Armani et al, (2004) purified %0 from goar's milk
study its eneymatic activity and observed that caprine
X0 corresponded to a single band with Mr ~130kDa on
S05-MAGE. The gels showeed thatr X0 was the mast abun-
chant profein in washed creams, accounting lor, on anerage
almost 10% of the total protein (Table 21 In bovine milk,
this protein constiluted some 20% of the MFCM proteins
(Mather, 20000 It must be pointed out that in caprine

bulked boviee milk: L 3: bulled caprine milk: Laes 4- 50 individaal
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A, fomora ot al f Small Fuminaad Research 52 [A0089) L4010 125
Tabde &
Craermical summany of haseds dererned an all grars,
Bhuleule weighs Perceniape of stal peolein
Average (o= 140) Minimum Mazimum Tl ol varistiom
B¥ Acrelamde
MUCT 125 kDa Lil] LN L] 1.81 B0
w 150k R LELE] 1358 21k
Fe 135 115 245 1713 4 R 58
s 125K 144 053 CRES ey
Frlls 115 ka 1 anRd 207 405
Frg: 0 LA L] 232 A£4
N A7k 258 124 450 T1ik
BTH 38 kla o 572 o7 204
15K Aerplemuse
PASEST 53 ki T AT T .0
Frad 441 1.7 [l o420 &R 3
Fed A0 kDa 176 1.87 4 251
iz 14 342 0ur T4z a1
R LT 1R 1.08R SRF W3
Fi26 26 kDa 1.61 081 P nr
Frid kda 112 on 152 A3k
R Tkt Lk ] a3n 151 440
s 1ka 172 120 247 452
fria 1A ka 242 033 T2 a6
FAEF Tkl an = 141 wn

e Eraction: MU B2 musin 1 500 xanithine oxidase; L0 cluster of dillerentiation 3z BTR: butyrophiling PAd ' 72 periedic acud ohill @75 FABE: Batfy el

hinding preein,
" Rands ar 215 kDa inciunded,

MEFLM this protein shosed ane of the Imwest coefficients
of variation { 21%) rogether with that of buryrophilin (ETHL
Both thedr high concentration aned bee variahility betwesn
individuals could be a hint of the important biological role
of these proveins. Recent studies using knock-out mice hawe
revesalel that these Pam profeins are ingdispensalde lor milk
fat secretion (Vorbach et al., 2002; Ogg et al. 2004).

323 Proteins of My 135 and 125kDa

All wached creams precented hwo hande with M - 135%
and -~ 125 kDa(Table 2 ). The former protein showed a rather
lawer coxelTiciend of variation [ 36X] aml acoountel for 255 of
the total protein This unknown protein was also observed
imoowes milk by Ye et al. [ 2002 ) and represented 3-4% of the
tatal progein in the MAGA Although present inall caprine
MFGM samples, the band with Mr ~125kDa showed a
mmch higher coellicient ol variation (895 ), wilh an average
ranging from 0.4 to 4.2%; this band has not been reported
previously.

4 S I oned CIRAG

In the reghon cormesponding v an apparent Mr range of
TO-120kDa, up to 9 bands could be observed. All caprine
washed creams presented 3 bands with Mr ~115, - 100
and ~83kDa (Table 2]. The lamer was the progein thar
shuwened He highest content ana lesrest coeflicient ol vari
ation amang them [with an average of 26). In bovine mill.
CO36 (Mr 75-88 kDa) constitutes <5% of the MFGM pro-
teing (Mather, 20000 Henoe, the hand with 8Mr -3 kila
could correspond 1o CO36 in goat's MFGM. The other pro-
teing acomunied Tor 11 and 16X af the MFCM poolsing,
respectively. PAS 11, also called MU 13, is a poorly char-
acterised glycoprotein, which is resolved in SD5-PAGE a5
a diffuse band of material with an apparent Mr of 95 ta

orvesr TOH0 kitka (Adatheer, 20000 This polydisperse character
is thought to be due to variable amounts of carbohydrame
[Pallesen et al., 2002). Anfilaelies specifically binding to
the PAS 1 band of bovine MFGM cross-react with 2 sim-
flarly sized component in caprine MFGM {Kaewel et al,
1987 ). Anwo g Uee Bands Ehal were msol presen inall washed
creams. two faces should be noticed. On one hand. proteins
willy Mr ~-87 and ~ 75 kDu, which were alrmos | present in all
goats, showed rather high amounts (1.4 and 1.3%, respec-
ivehy). On the other hand, a protein with Mr - 72 presented
much higher amount s [ 3.7%), sven though it wees lound anly
in 20% ol the caprine milk samples [Table 3

325 Butyrophilin and &0 kDo protein

BTH is the most abundant MEGM protein in cow's milk,
representing from 206 to A0 anaverage, depending on the
breed (Mather, 20000 Some studies using SD5-PAGE have
shonen Hhe presence ol Do bands will Mol 67 and 64 kDa,
both consedered as BTN and its degradation product by pro-
realysis, respectively [ Freudenstein et al, 1979; Hieid et al.
195 ). Bolation af the gene and purificatson of its produc
has proved thar the Later was not an arvefact produced dur-
ing sample preparation { Cavaletio ef al., 1999 ) Hence, this
band with Mr -0kl should be taken inte account a5 3
mrue protein and quantified separacely. Our resulrs showed
that, in caprine MFGM, ETH [Mr 68 kDa) was the secomd
mst abundant protein. accounting for 9.0% (Table 21 Ye et
all. (2002 ) shwwned theat this protein constituted from 108
o WEE of the bovine MECM proteins, depending on the
lactathon season. They also observed a faint band with Mr
60 kTa, which was prominend in e early and Late sea
son samples. and accounted for 2-4% of the bovine MFGM
proteins. In our gels, SE% of goar samples showed the Mr
- k[ band; when present, this pratein constituted from
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Tabde 3
Sraistical sumemary of bands not detected in all prars,

‘Krmbwer of gty { perseniape’ hlcdegular weighi: Pescentage of inldl prodein when peewni

Brrayr Belini KL Tl ool wanistboon

ST Acriamude
Fill5 5(206%) W5 ka M {11 0 ARG
Frin M%) Ll 0,77 I ] 1S S5
FR? B [55E) B ka 1% 01 kRl 505
A9 4 [21%) T 0,7 044 105 55
Fris I (54K 75 kel . 3 45 13 A
Frva A[21%) T2k an FL A 1as
Friid) 11 (58K (1] 250 man 574 G
ST Amylamide
Frdy [ 16X) 47 vl 057 1=} 114 201
kL] 1 (56%) 3K ki [T (kY| L 378
iy 15 [GRE) T H nEr m4a 172 456
kL] 15(79%) 35k .79 A4 15 578
Fria L bral Hidk L L3 50 L4
R0 717} Wk 1 nsn LR F) LT
Fi- Mescithom

08X o 5.7 al the total protein, with an average of 2.5%
(Table 3

126 MSG7

Separate purilication ol bovine glycoproteins PAS 6 and
Fas Y demanstrated that their pelypeptide cores were iden-
tical, and that the difference in their Mrwas due wodifferent
lewels ol glycosylation [Hvamegaard e al., 1996). Henoe,
they hawe often been referred as FAS 6/7. These proteins,
wihich are the most abundant MPGM glycoproteins alter
HTM, have values far Mrranging from 43 0o 58 kDa (Mather,
2000). In 15% polyacrylamicle gels, two Damds with M imom
30 to 5b kDa, ebeerved in all washed creams, constituted
79% of the MFGM proteins and showed a rather low coelf-
cienl of vartation [ 26X; Table 2 ) These resulls ogether wath
the abewe imfermation allesed bands o be assigned as PAS
7.

327 CTPR-Rinding prodeins and profeires of Mr 1550 kDa
Up te 13 bands were defected between 47 and 18 kla
[Tables 2 and 3] The majority of them wer? present in
all washed creams but at different ratios. These results ane
in accordance with those obtained from bovine MEGHM by
¥ oot al. {2002 ), wehe Towund at least 10-12 bands between
44 and 2UkDa and a number of diffuse bands with Mr
17-18kDa. Even if some of the bands could be referred
as GTP-hinding proteins (Ghosal et al., 199%), the others
had not been identified until recently, Fong et al (2007)
identilied 3 lg heavy chain proteins with Mr 52, 40 and
36kDa in bovine MEGM. They also detected o,y-casen,
o,p-casein and B-casein with Mr ~25kDa and suggested
that they werne the resull of some degree of conlaming
tion. possibly as a result of BFLM damage during the cream
weashing stepa. The results showeed that a special attention
shiould he given, on ane hand, to hands with K a0, ~32
and 29 kDa and, on the other, o bands with Mr <19 and
1R kD, given the Lt That they were abundantly present
in all caprine MFUM (Table 2} e et al. (2002) neported
that the unknown proteins with Mr 17-18 kDa constituted
2-5% of the total protein in bovine MAGM. Our results

showed tleat, in caprine MPCM, these proteins accounted
separately for 2.7 and 2.4% of the total proteins. Fong et
al. (2007 ) detected the presence of k-cavein (19 kDa) and
B-lactaglobulin (18 kia), and ientified a protein with Mr
17 kDa as proteose pepione 3.

328 Farry-acid-binding procein
Falty-acid-binding protein {FABP) is a polypeplide with
M ~ 14 kDa (Mather, Z000). Ye et al. (2002) reported that
Lhis protein constituted 2-3% of bovine MPGM protein. In
caprine MRGM, it acoounted for 3.7% of the total protein
[Talile 2], seith a micl-range cosllicient of variaion [ 3TEL

13 Cornelindinns

Mo statistical correlations between Fal content of milk,
average cize of fat glabules and total protein of wached
creams were determined. Wiking et al. (2004) found that
the average diameter of cow globule milk cormelated with
fat production: when cows produced a high bevel of fat. the
synthesis of membrane material was limited. [owever, in
poat milks, o correlaton was found between faf content
amd globule size. as reported for bovine milk by Walstra
[ 19641

Unly X0 and 47 kla showed a positive correlation with
the amounit of fat, with correlation coefficients of 0.461 and
522, respectively (p<005; Table 4) Momdy and Keenan
(1993} found that there was no comelation between fat
content ol bovine milk and the percentage of X0, Studies
with mice in which thie X0 gene was knocked out suggested
rhat this protein has a crucial robe in the secretion of lipid
dlroplets [Vorbach ef al, 23002 ). The expression of X0 geneis
tightly linked with the secretory activity of the mammary
epithelial cells | McManaman et al, 2002 ). Althwough human
HTM strongly correlateswith total level af milk fat (Hamach
et al., 19497, bovine (Mondy and Keenan, 1993) and caprine
BTM dicl not slwree such oorrelal i

The size of fat globules was positively correlabed with
the amount of X0 and BTN, with correlation coefhicients of
[haMband (L4382, respectively (p< 05 )L Mondy and Keenan
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Table 4

A, fomora et al, f Seall Rumnast Research 52 (2008 L2129 12
I (1993 suggested that the differences in the amount of

g E E these proteing observed between two bovine breeds was

due to differences in the diameter of fat globules, in ather

words, their surface area to volume ratio; the breed with
srmalber globailes showed higher amounts of Uhese profeins
If that was the case, the observed correlation in caprine
MFGM should have been negative. However, our results are
in accondance with those of Ye of al. (2M02), who abseraed
that far globule diameter was largest in zarly season, when
the bevels off X0, BETH anmd tolal BMFGM probein waene higlwest.
The amaount of X0 and BTN were positively cormelated.
with a correlation coefficient of 0USE7 (p < 0001 ). Marny stud-
bes have shown that, although the concentration of these
proteims varies within the Lectation period, ey are present
in constant modar proportions of about 1:4 in cow milk
(Mondy and Keenan, 1993; Ye e al., 2002 However, the
relative proporionol these proteimshows interspecies dil
ferences: in the case of human milk, the levels of X0 are
much higher than these of BTH {Freudemtsin et al., 19791
Our results chonwed 2 relation of about 1:1 between theo
e prodeins. Althowgh Franke et al. (1981) and Keenan
anel Heiel (1982) did mol measure the protein comtents,
their published SD5-FAGE images of bovine and caprine
MFGM comfirm that X0:BTH ratio is ot 124 for goat MFGM.
Hinchemical shisdies have proved the existence of a thial
dependent complex between these nvo preteins: X0, which
is a globular cytoplasmic protein, hinds (o the cytoplas
mic C-terminal of the integral transmembrane protein BTN
(ishii et al, 1995).
ther profteins that may also interac witl BTN inclucde
PAS 11l and. in a besser exent, FAS G (e et al., 2002 ), Almost
Al thee bands delined 25 PAS I correlated with BT and
fewer with X0, with correlation ceefficients ranging from
0,492 100,755 (p < 0.05 1. Howewer, nocorrelations with BTH
level were [oumd Tor PASE]T. There is some evidence fhat
fat globule secretion may be partially regulated by GTP-
binding proteins Lhrough tee interaction with BTN (Keenan,
2002) some of the hands characterised as GTP-hinding
proteins correlated with BTM; the observed correlarion
coeflicients betweern BTH and baneds with Mr 3R, 35, 34,
21 and 19 wiere 0560, 0515, 0488, 0475 and 059
[jp« 0U05 ) The Lact that X0 was not found o correlate, does
nat support the idea that the complex X0-BTN is needed to
bind other proteins (Keenan, 2002 ). BTH is thought m have
& magor role in e sdding of cytoglasmic Bt dropleis, by
acting as an inbegral receptor (Jack and Mather, 1990],
Spitsberg eral ( 1995) demonstrated that, not only thers
wals ideraction belween 3R and FARE, bul also that
these nwo proteins were cocxpressed (n the bovine mam-
miary gland epithelial cells during lactation. In 2 subsequent
study, they demonstrated that MEGM-associated FABPF was
identical to the cytosolic form of the bovine mammary
wland tissae, and that ils association with the MPCM was
through the cytoplasmic domain of (D36 (Spitsberg and
Gorewil, 2002 ) which was in accordance with the resulls
ohtained by Raomussen of al. (110692). Howeser, our resulte
showed the existence of a negative correlation with a coed-
licient of 0495 (p< 005) Both proteins are supposed o
be invelved in fat transport {Reinhardt and Lippolis, 20061
As already mentioned, bovine PAS 1 is resolved in
s0%-PAGE as a diffuse band of Mr %5 to over WMIkDa
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Pallesen et al. (2002) isolated and characterised bovine
PAS 10 a3 a glycoprotein will a calculated melecular mass
of 33,317 Da, and an approcimately 130k0a extrapolated
from the electrophoretic mobility (Pallesen et al, 2007).
In caprine MFCM, the lour bands ranging Toem 105 o
135 kDa, present in all washed creams, were found to be
correlated, with coefficients ranging from 0.540 (o 0866
[p< 0051 Altagether, these bands could be attributed o
ras 1L althowgh further studies are needed in order m
confirm il

If the band at GO kiDa were an artefact of BTN degrada-
tion, they would have been correlated. Proteolysis of BTH
wotldd lead to kvaner amounts of BTN but igher levels of
B0KDa protein, and thus Lo x negative comelation between
these. Howewer, the statistical analysis showed that there
was no correlation bevween them, which supports the fact
that the Dand swith Mr 60 kDa should cather be considened
a5 3 probein on its own right.

1 lvwrman milk, both macin and lactadherin { MUC 1 and
PaS L7 in bovine milk) cormelate very significantly with the
lewels of phospholiphds in milk (Hamosh et al., 1997 L Unex-
pechedly, our results do not show any correlation between
the levels of these twa probeins in caprine milk, However, it
is important to bear in mind that human mucins are larger
and mare abundant than hevine ar caprine MLUC 1 [(Patton
et al., 1995). Werking with knock-out mice, no direat role
of MLIC 1 im milk-Lal globule secretion was fommsd [Spicer el
al., 1985 in fact, this protein did not correlate with none
of the others. However, it should be recalled that this pro-
tein stains poarly with Coormassie blue and that it is neadily
released inthe milk serum by cooling (freezing), agitation,
and age of the samples (Mather, 2000),

Several positive and negative correlations were found
amang the proteins wirh Mr ranging from 50 w 15kDa.
Those with the highest Mr (e, 34-44 kD), identiled a5
GTP-binding proteins, made up a clear correlated pool,
with correlation coellicients ranging From —0.722 to 0830
[p=um ) Ac already mentioned, Fong et al. (2007) have
recently identified, in bowvine MFGM, Iz heavy chain pro-
teins with Mr simmilar fo (s we haee obiserved]. The Tac
that some of them show negative correlations sugpests that
the absence or low content of one of them would be sup-
Memented by others, in order to carmy on their hiolagical
rode, e cell signalling or immune function (Reinhardt and
Lippolis, 2L In adelition, Fong el al (2007 ) detected
contaminating forms of casein with Mr -2 kil In goat's
MFGM, 3 band of 24 kDa was also observed in all samples.
Although this protesn dic not shw any correlation wath any
other protein, ic showed a mid-range coefficlent of varia-
tion Such results could refute Lhe idea that this band came
from some contamination during sample preparation dus
1o far globule damage.

Fong et al. (2007) abo detecied contaminating forms
of casein with Mr ~25kDa A band of 24k0a, which did
not show any cormelation with any MPGM protein, was
oheereed in all gnate. Such resules could sugpest that somse
contamination had happened during sample preparation
chue for Lat globade damage. However, here again, Uhe Tacl
that this protein was present i all goats with a mid-range
coefficient of variation supported the idea that this protein
came from the BMFGM and not from some contamination.

4. Concluslons

Major companents of bowine MEGK werne also oborreed
in caprine MFGH. However, they showed many differences,
i, content of X0 and minor proteine Several previously
non-described bands were detected. The protein composi=
rion of caprine MFGM showed high Neterogensity among
individuals. Both the amount and the carnelations bebween

proteins could be linked wo their physiological role.
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dissnciating capacity of different chemical agents as affected by by Eactors: fat contend of millk (000,
1.8 or 3.6%) and technologlcal treamment (conventional or ultra-high pressune homogenisation,
LIFEFH], Increasing ts content of roe milk increasad leavelz of unbound whey proteing and calcium-
Ibarded cheing in curds; in contrast, hydrophobic interactions and pdrogen bonds were inhibiled.
Baoth homogenisation treatments enhanced the Incorporation of unbound whey protedns n e curd,
and of caseing throwgh lonic bonds involving cabcium salts; hiwever, UHPH increased the amount
of unbound caseins. Conventonal homogenisation atso enhanced Interactions between caseins
through hydrogen bonds and rydrophobis inberactions:; in contrast, UHPH impaired hydrogen
o, and led 1o thie inconporation of bath whey proteins and cesees through hydmphobic
interactions. Both hamogienisation tnsatments provoked clanges in By profein interctions wilhin
renived curds; howewer, the nanwe of the changes depended on the homogenisation conditdons.
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RENNET COAGULATION PROPERTIES OF
WHOLE BOVINE MILK TREATED BY ULTRA-HIGH
PRESSURE HOMOGENISATION

A. Zamora, V. Ferragut, J. M. Quevedo, B, Guamis, A 3, Trujille
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s @i af the prasent work was
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High I H
mw:mmmmpm-
et ol wiioie bonvine milk Dy subjpec-
tirg it %o single or iwo-siage UHPE
(1040, 200 and 300 MPa on the primany
valvr and 30 MPa on the secondary
valve) using A Siansted high pressu-
ra homoganisar (model FRPG11300,
Staneind Fluid Power Lid., Essayx, LK)
al an mlel bempacature of MPC.
Studied coagulation properties were
rennet clotting e (RCT), rate of curd
firrming (RCGF] and curd firmness (CF).
Ranml et wan chiaraed by cole-
Cal i ECRNNING MICIoSCogn. Thei -
sulte citained from LUHPH treaiments
ware compared ba those of raw, con-

vantionally pasbeurised (72°C, 15 5]
ard aleunsed {18
WP, BPC TIRC, 15 &) milka, Tha san-
0@ of milk lemperature during LUHFH
Irsatments was S4-045C, with an ou-
et lemperature below 358 BRCT
strangly depended on the freatment,
although the secondary sbtage of
UHFH did nat seam in afect A,
Ceagulation ceourrad eariar in UHPH-
traied milks 81 100-130 MPa. Highast
RCTs wans obdsrved or rir, pasieue
rised and UHPH-treated milk ai 300-
330 MPa. Tha nesulis of RCF showed
2 simdar paflern b0 thase of CF,
Sirengasl gals wans oblained with
UHFH al 200 ard 300 MEa (reabed
milis. Howswer, two-gtage UHPH sig-
nificantly diminished beth RCF and

[CERPTALL, ¥iT, Dupartament de Chbncis dnbd | del: Aliments,
mnwmv Ureersiiad Apldnomes de Barvelona, BEIDY, Scwin

CF. Micrographs revaaled that mnnet
gels from UHPH-Sreated mik at 100
MIP e mimilar b s boen hona-
panised-pasteurised mil. They sha-
‘wod open matrices with large and ime-
pular serum pores delimilod by thick

us nehwaoric. Rennat gals from single-
slage UHPH-ireated milk at 200 and
100 MPa wers much tighles. Very
small il globubes wens ly Esso.
clated to the protein network, which
was fermad by much thinear strands.
In wuim. UHPH il.i“W MF'i -
T PN
umwnmhmmw

plications of UHPH technoiogy on milk
for chesase marafaching.
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Ultra-high pressure homogenisation and mineral balance of milk

Anna Zamora, Victoria Ferragul, Buenaventura Guamis, Antonio J
Trujilla

Canire Espacial de Aecerca Planiy de Tecnologie oeds Almenis (CERPTA), XaRTA, XT,
Drapaiame de Gidnas Anihal | dals Alrments, Umivaratal Awidnoma de Barcelona, 08751 Bellatarrs,
Spain,

anna ramor @uab,cal and 1on inggilo Suab s

Thaa @i ol the present work wias to dalermine the aflect of Uiire-High Pressure Homogenisalion
{UHPH) on he mineral balance of milk By subjecting # 1 singhe of two-stage UHPH (100, 200 and 300
MPa on the piimary valve and 30 MPa on the secandary, axprassed as 130, 230 and 330 MPa) using
a Stanated high pressure homeganiser (medel FPG 11300, Stansted Fluld Power Lkd., Essax, UK} at
inlat tempamatures (T) of 30 and 40°C. The amount of minerals {Sa, P and Mg} in whey chiained by
eontrifugation of rennet eonquinied gels was datormingd in tipleats by indusiively coupled plasma
opbcal amission epectrascapy with o Parkin-Elmar unit {madel 4300, Parkin-Elmar, Shefton, CT). Tha
pariche size distribulion in milk samglios was detormined wsing a8 Beckman Couller lasar o iracton
partiche size analyser. Microsiruciure of milks was obsenved by ransmisson ekeciion microscopy
(TEM]). Minaral equilicsium in mil is very dependent on physicochemical parameters such as pH and
temporatura, As oxpected, the incroase of T, and pressung Ind to significantly higher temporaturos
during WHPH trealrments (o<0.05) Bolh factors also aflected the pH of miks, UHPH treatments at
100-130 MPa (30 and 40°C T) and 200-230 MPa (30°C T} decreased the pH of milks, Although maik
iemparature during UHPH ireatmend at 300 MPa [40°C T) reached 100°C, no dacrease ol the pH was
obgarvad, Considerning tha amount ol minerals, whey from milks UHPH-treated at 100-130 MPa (30°C
T showed significantty highar amount of Ca and P than whay from raw milk. The deceass in pH.
which could be altnbuted i the action of residual ndigenous Ipopaolain lipise, Mads 1O the transher of
calcium phosphate fram the micelar to the difusitde fraction. Howeves, Tar Mg no differences where
obsarved, Such resulis ane in accordance wilth the idea that this kon B associaled with the surlace
rathar than tha bulk of the calcium phosphate micregranules. On the contrany, wheay from mils LIHPH-
treabod at 300-330 MPa showad sgnificantly kwar amounts of minarals han whay from faw milk. A
first, this could B anADLS 18 e INCFEBES OF WMPArAtEnS Surng UHPH maaimant. Howaver, tha wee
of tha seocndary viho (330 MFa. 40°C T) loadod 1o 4 hghor ranshar of minerals from th diffesitbio o
thir macelar fraction: bul kwor tomperahwes wore reached during treatmont compansd with singlo
stape al 303 MPa. UHFH partly dissociates casein maceflas and disnupts tat gobules. As obsarvad by
TEM, tha increaso in inferacial tal suriace causes the adsorption of casein micelle fragmeonts o the
nawly formed fal globules, Abowe 200 MPa, the collision of parficles lads 1o coalescence and
aggregation observed as a broadening of the particle size destributions. These phenomana were mare
avidant at 330 MPa. The disnuption of casein maseilas iolowed by the adeamban of fragmants anto the
membeane of fat gisbules ceuld rasult in & dezrease of minaral solubdity by incramsing the number
andior the size of microgranuies, Trealmenis at 200230 MPa. as intermediale conditions,
conmoboratad the above mentioned,

In conglusian, tho effect of UHPH on the minomd balance of mik mosulls 1o be mone linked 3o the
hamogenisation effect than 1o ta hast effect.

IDFSINRA 1™ International Symposium on MINERALS E DAIRY
PRODUCTS Octobar 1-3, 2008 = Saint-Malo, France
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Textural properties of fresh cheese made from milk treated
by Ultra-High Pressure Homogenisation

A. Zamora, B. Guamis, AJ. Trujillo*
Centre Especial de Recerca Planta de Tecnologia dels Aliments (CERPTA), XaRTA, XiT,

MALTA Consolider Group, Departament de Ciéncia Animal i dels Aliments,
Universitat Auténoma de Barcelona, 08193 Bellaterra, Spain

The aim of the study was to evaluate the effect of homogenising milk with Ultra-High
Pressure Homogenisation (UHPH) on the textural properties of a starter-free fresh cheese.
UHPH (300 MPa at 302C) significantly reduced the size of milk particles and improved the
coagulation properties by reducing rennet clotting time and increasing optical density of
curds compared to pasteurisation (PA; 802C for 15 s) and homogenisation-pasteurisation (HP;
18 MPa at 602C, 802C for 15 s). A sensory panel described UHPH-cheeses as crumbly, grainy
and hard. Textural analysis showed that both the Young's modulus and the stress at fracture
of UHPH-cheeses were much higher. However, the strain at fracture of UHPH-cheeses was
similar to those of HP-cheeses. In addition, G* of the rheological analysis significantly differed;
UHPH-cheeses presented the highest G* followed by HP- and PA-cheeses. Concerning the
water content of cheeses, the sensory panel found UHPH-cheeses much drier than HP-
cheeses. However, UHPH-cheeses showed slightly higher moisture content compared to HP-
cheeses. Both homogenisations, especially UHPH, triggered a change in the typology of water
retained by decreasing the amount of water type Il. The temperature needed to change from
one type to the other was significantly higher in UHPH-cheeses. Forced whey drainage
through centrifugation showed that the water-holding capacity of UHPH-cheeses was
significantly higher to that of HP- and PA-cheeses. Confocal images revealed that matrices of
UHPH-cheeses were tighter with smaller interfacial spaces, thus water would be tightly
entrapped in the protein network. In conclusion, UHPH triggered textural changes which were
detected by sensory evaluation. Instrumental analysis helped to understand that two
phenomena were at the base of the changes: the drastic decrease in size of milk particles
would lead to harder and less elastic cheeses, and the change in the water typology and
water-binding capacity of the cheese matrix would lead to a drier mouth-feeling.

* E-Mail : toni.trujillo@uab.es

Keywords: Ultra-high pressure homogenisation; cheese; microstructure
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Verserutal
Effects of ultra-high pressure homogenisation ﬂ et
on the rennet coagulation properties of milk

A. Zamora; V. Ferragut; J.M. Quevedo; B. Guamis; A.J. Trujillo .
Cmmrre Ezpacial e Facssca Planta ds Tesnologls Seip Anmests (DEASTA), CeATA, XOT,

Deoartament o= Cikncla Animal | gels Aments, Universitat owsdnoma da S arcsiona, 05133 Balaterrs [Spain)
E-Mall; Tanl, TrujiloFuab.as

Introduction

UWHtra-high pre=sure homogenization is base=d on the same princple thal of comrentional ball-and-=s=at homogenisers,
But curment developmants in the design allow to reach pressures of 350 MPa. Thers hax besn an incresxing interest in
the application of UHPH in food techmology.

Objective
To delt=rmine: the effed of UHPH treatment on the reonet coagulation properties of wihole bovies milk by comparning
this mew bechnology with comentional pasteursation and homogenisation-past=urisation treatments.

Material and Methods

Raw whole milk standanfs=d at 3.550.2% fat was subjected to:
= Single or two-stage UHPH: 100, 200, 300 MPa primary
vahre and 30 MPa secondany vahre; Stansted high pressuns
Iomogeniser {mode] FPG11 300, Stanst=d Fluid Power L14.,
Exmex, UK); ind=t tempematue of 301090,
» Conventional pasteurisetion (7230, 15 =) and
homogenisation-pasteurisaton [15+3 MPa, S020 7230,
15=).

Rennet cosgulation properties: reor=t coagulation time

[RCT), rat= of cund Tirming (RCF) snd cund firmnes= at 30 min

{CF)) a=zse===d by the Optigaph® =ystem (Yszbas=d Inc,

Frepillon, Framoe).

Confocal laser scanning microscopy of rennet gels: e

TMuorescence mode ax dexcribed by Michal=ki =t al. {2002].

Results

# UHPH-Trestments at 100-130 MPa: lowest RCT, RCF and CF;
geis similar to homogens=d-pasteursed milk, open=d prot=in
malrce=, thick and lumpy =tands with smbsddsd =mall fat
globule=,

* Singl=-xtage UHPH above 200 MPa: highest RCFx and CFx;
RCT= =imilar to tho== of control milks; tighte=t prot=in matho==
with thin strand= snd azsociated very =mall Tat globules.

» Two-stage UHPH above 200 MPa compared o single-stage:
=imilar RCT=; =ignificantly lower R{F= and (Fx; lasx=r prot=in
matrces with bigger fal globules {coaleso=nos]).

L

Figure 1. Coagul ation curves of raw, pasteurised, hom ogenised- Figwre 2. Canfocal laser scanning micragraphs [iat- M=
pasteuriced and UHPH-treated millis [twa-stage Nomogenisatian: Aad In rad; protelns-FITC in gresn) of rennet curds Srom:
130, 230 and 330 MPa). [a)) hamagenissd-pasteuricad millc; [8, <, d) singl=ctage

and {=, f, 9] twa-stage UHPH-treatad milis.

Condusions

Wheols milk with an inl=l tempemature of 309C treated by single-stage UHPH at 200 MPs showed =superior rennei
coaguiation properties, which could be attribute=d to the microstrscdture of the omd. The meselts suppest. that UHPH
ool mrhance the chesss-making properties of milk.

Refer ences
Michalski, M.C., Cariou, R., Michel, F., & Gami=r, C. [2002) Joumal of Deiry Sc=mc=, B, 2451-2461.
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RENNET COAGULATION PROPERTIES OF
WHOLE BOVINE MILK TREATED BY ULTRA-HIGH
PRESSURE HOMOGENISATION

A. Zamora, V. Ferragut, 3. M. Quevedo, B, Guamis, A 3 Trujille
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High B H
mmﬁ:mmmmumpm-
prertins of whois bovirs milk by subpesc-
Lirsg it % Gingle of wo-slege UHPH
{100, 200 and 300 MPaon the primany
valve and 30 MPa on the secondary
valup) using a Sanstad high pressuy-
ra homogentear (medel FPG11300,
Staneisd Fluid Pawer Lid., Essax, UK)
ol an inlel bemperature of 30°C
Shudied coagulaion properties wane
rennet clotting B (FRCT), rain of curd
firmning (RCF] and cund firmness (CF],
Rannal aka wars cbearas by conl-
Cal ks SCENNING MiCoscopy. Th fa-
&ults citainad fram LIMPH treatmants
waina companed ta those of raw, oon-

wantionally pasteurisad (724G, 15 5)
arnd homogenised-pasicurised (18
MPa, BIPC, TR0, 15 &) mills, Theis far-
e of millk lamparature during LUHPH
Ireatmants was S4-045%C with an ou-
et bemperalure below 358 RCT
strangly depended on the treatmend,
although the secondary stage of
UHFH did not seam 1o afect M.
Coagulation cocurra< sariar in LHPH-
traging milks 81 100-130 MPa. Highast
RCTs wane obassrvisd for rine, paslsue
rised and LHPH.braated milk st 300.
320 MPa. Tha resutts of RCF showad
@ simiar patiern to those of CF,
Sirengasl gals wore oblainad with
UHFH ot 200 and 300 MFA IFeabsd
miks Howsysr, UHPH sig-
nificantly diminishad both RCF and

CF. Micrographs rovaaled that rennst
gels from UHPH-treated milk ai 100
MAIP wrieri mimmilar b Ihacs broen homa-
pénised-pasteurised milk. They sho-
wad open matrices with lange and ma-
pular serum pores delimilod by thiok
ard lumgry strands. Small 1l globuias
waina embedded within the peobssnacn-
cie nhworic, Rannet gats from single-
slage LHPH-ireated milk ai 200 and
J00 MPa ware much tightar. Vary
small [ globules werne sirongly asso-
clated to the probein network, which
was fermind by much thinmar strands.
In cenclusion, WHFH iI.E'DDMFI -

| s cosgulali
of whitila rilk UgQBEling possile -

plications of LIHPH sechnoiogy an milk
fer chetse marafactuns.
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Effects of Ultra-High Pressure Homogenisation
on the Rennet Coagulation Properties of Milk

6“”-—-"‘""’ A. Zamora, V. Ferragut, B. Suamis, A.J. Trujillo Uinbearsiat

i
qs - LT
Cartre Espeoir! de Receroe Plevte de Tecnolbogic dels A kmerts [EERPTA), SR TA, X7 T,
Depart oment de Cideoie Arimal § dels Afmemts, Univarsit ot Awtdrome de Beecelone, 05193 Belleterns (Spein)

INTRODUCTION

Utra-high preccure homogenication (UWHPH) i boced on the some principle that of comvestional ball-and-oeat
homogenizers, but carrent developments in the design aliow to reach pressures of 360 MPa. Thers has been an
creasing mterest in the applicotion of UHPH in foed technolo gy,

LW Te determine the effect of UHPH trectmest on the resmet cosgulation properties of whole bewne
mitk by comparing thie mew techwalagy with comverticas! postewrisation amd ARemopenisotion -pos temwe & ation
TreaTmen s,

MATERIALS & METHOOS

Biow whole milk ctandardiced of 3.5=0.2%
fatwas subjected to:
&  Single or two-stoge UHPH: 100,
200, 300 MPa primary valve and 30 MPa
sscondary valve; Stansted high pres-
sure homogenicer (model FREL1300,
Stonsted Floid Power Ltd, Eccex, UKL
inlet temperature of 30=1°C.
# Comvertional pastearisotion [F2°C,
16 <) and homoganization-p ostEurisaton
[1B=3 MPa, 80°C; T2°C, 165).
Particle =ize distribution: Beckman
Coutter loser diffroction partics size
analyesr (LS 13 320 series, Beckman
Coutter, Fullerton £A, ISA)L

B ks

Rennet coogulotion preperfies: remnet
coagulstion time (RCT), note of cund
firming (RCF) ond ourd firmness ot 30
min (CF]) assessed by the Optigraph®
system [V sshaert Inc, Frepillon, Fronoe).

RESULTS
DISCUSSION
Tesprratore of treatment ard pH of m
T1 [°C) T2 =T} o UHPH-treatments &t 100-130 MPeo-
A - - 5,75 [«1.03) partick size distribuhions rather smilar
Easteurized - - 5.75 [=2.02) To homogeniced-pacteuriced milk: lowest
Homogenisad- Fasteutizad i = 672 (&0.02) RET, REOF and OF.
laamra J3.2[=0.&) EIE(=LF S&.E2[=0207) Single-stege UPHPH aobove 200 MPa-
130 &Fa 335 (=05 5.5{as7) &.51 [«0.03) smallest porticles; highest RCFs and CFs;
200 kP2 358 [~0.4) 7FEI[&19] 6553 [40.04) RET: smmilar o those of control milks
130 M JrA[=0.7) F7.4{«85) 653 (=092 Two-stoge UHPH above 200 MPa s
Famez 4alai=n.7) S42{+lE 875093 single-stoge: coalescence ond aggrega-
FE3aMFa #1.4[=0.5 E2.8{=l.3) &74[=0.01) tion of small for ghobules; similar RETS:
Tlons T terpeshresresshes bofore ol afhe the primery veive, nemeshoy. significantly lower RCFs and OFs

Whale mik wth on imlet temperatore of J0°0 treated by single-stage UHPH ot 200 MPx showed superior
remret coaguimtion properties, which cowld be mtrboted to smafler ot glebwfes. The resofts suggest that
VHPH cow'd enfiovce the cheese-mofsny properties of mal.
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Effects of ultra-high pressure homogenisation on the rennet coagu-
lation properties of milk

A, Famoes, V. Forengei, B Conmis sl A Trujilks
Univerrstlsal Antememn de Boreelona, Edifiei V- Campae do In UAH - Teenalegin do Ins alimentos, 08108
1ellaterrn, Spain
anEs. sl

Ulurn bigh-presare bomsgeniation [UHPH) has boen proposod os an elloctive altermntive to pastetsation
it mzilk sanbiization [1]. [ sddition, UHPH crotes smaller o pariiels sl oodifeatons in tse lasctional
properties of proteiss [23]. and Dewee b can modify te rleologion amd for coagulition properties of milk
ot dairy comidsicns. Howeves, teicieting, properthes of UHEH-treated midk bove reocivsd liote attention. Owur
olsjeetive wns to dederminn tho offeet of UHPH trontmest { TCE00 AMPa) on the renmet conpalation [luprﬂ.iu:
al hewving milk. UHFH was careied em by subjoeting milk 1o single o two-stage UHPH [ 100, 300 and 30 A Pa
oy tha F||-i:|'|1.'|.:|':|I wmbve anid 30 AP on the secomdnry wlve) using s Stansted high s hemageniser |:||1.n|r].|ll
FPGI1AM, Siansted Fhad Power Lid., Essex, UK) 5t an inlet semperature of 30°C, Bennet coagulstion
properties such o8 renpet coagilation time (1), mte of ourd Erming (RO and ourd Brmeess (CF) al
milk were assessed by the Optigraph | Yeehaort Ine, Frepillon, France] in relation to contrale conventionally
prasteurised milk (7270 for 1568), comventionally pastearsod-homogensed milk (720 for 154, 18 M a1 57
“FE‘], mpl Faw mialk, T Py wll imilk |.|I1:'.|Fu:|'l|l1|ir |!L|,rh|‘ ITHPH iresubizpsiis wns LI sib ilis Fln.“l...r_'f
valve wnd B-OEC wb (e nrnqu.‘.njj sailvne, Fhisawoves, enalk oullst 1lq|qlrrqtq|1 e kl']‘- it 3570, Rasgaiiort
I'LI[.;I“ DRinm W Ty il :hliuln:l.u.nl. aiv e tiadianent -]Iluuq]h Evnsslagy |mq||wl||.inul-|n aliull feol mewEn
inr aflimcl jb. Ib was oshsservas] Lleal n-.l.ﬂnl.;iq =rarmel nu.r]_r i hmm:ﬂ'!l mailks igge Aaw 30 MPs ihan m
control mille. Om the other hand, two-stage homogenisation significanily diminisked both BCF and CF. The
strongest gebs were obtained with 30 apd 300 MPa treated milks Incrensing pressure ot the pmmary wive
decroased particle sizo of milk. However, milk treated with two-stoge homogenssation at pressures higher than
MK MI'a showed larger particles than the comtrofs. ‘This phenomenon wos observed by microscopic imnges
s aggrogations of small [t gobudes, Thse dileremes could explain the peanet congulation progrentie of
UHPH-troate] suflks. I conchiston, milk with an fude womperature of 3°C troed o 200 MPa (single
stage) sheowind suprior renmet congulstion progeesties suggeting pesible apphcathoms of UHPH woatmem of
il Tor chesse manalaciuse.
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Abstract

The aum of the study was to determune the effect of ultra-high pressure homogenisation
(UHPH) on the rennet coagulation propemiss of bovine mulk, Milk was subjected to single or
twa-stage UHPH (100, 200 and 300 MPa on the pronary valve and 30 MPa on the cecondary
valve) usmg a Stansted high pressure homogemser a1 an mlet temperature of 30°C, Rennet
coagulanon propertics were assessed by the Optigraph device and compared 1o conventionally
pasteunised malk (72°C for 15 s}, pasteunsed-homogemsed milk (72°C for 15 5, 18 MPa at
~E0"C, and raw milk, Temperature during UHPH treatments ranged between 54-94°C, BCT
was dependent on the treatment although toroe-stage UHPH did not seem to affact it It was
obsarved that eoagulation occumred earlier in mulks treated up to 200 MPa than m control
mulks. Two-stage UHPH sigmibicamly chimamished both RCF and CF. The stromgest gels were
obtamed with 200 and 300 MPa weated mulks, Increasing pressure at the primary valve
decreased particle saze of nulk. However, milk treated with two-stage UHPH above 200 MPa
showed large particles, observed by confocal microscopy as aggregations of small fa
globules. These differences could explain the rennet coagulation preperties of UHPH-treated
milks. In conchision. milk with an inlet temperature of 30°C treated at 200 MPa showed
superior rennet coagulation properties suggesting the application of UHPH on milk for cheese
manufaciure.

Key words: Ultra-high pressure homogenisation, renngt coagulation of milk.

Iniraduction

Ultra-high pressure homogenisation is based on the same principle that of conventional ball-
and-seat homogenisers. but cument developments in the design allow to reach pressures of
350 MPa. There has been an increasing interest in the application of UHPH in food
technology. Reports on the effect of UHPH on some pathogenic and spoilage microorganisms
w model and real food systénis have proved its efficiency in reducing mucrobial ¢ounts
(Hayes and Kelly, 2003; Briticz et al.. 2006), The aim of this work was to deternuns the «ffec
of UHPH treatment on the rennet coagulation properties of whale bovine mnlk by companng
v e F pac !---—i.‘nﬁm.

this new technology with conventonal pasteunsation and he
realmenis.

e

Material and Methods

Raw whole milk standardised ar 3.540.2% fat was subjected to single or two-stage UHPH
(100, 200 and 300 MPa on the pnmary valve and 30 MPa on the secondary valve) using a
Stansted liph pressure homogenser (model FRG11300, Stancted Flund Power Lid., Essex,
UK} at an mlet temperature of 30=1°C. UHPH treatments were compared 1o raw, pasteumnsed
(T2%C, 15 5} and bomogensed-pastenrived (1543 MPa, 60°C; 72°C, 15 5] malks. The particle
size distnbation i malk saomples was deterpuned wsang a Beckman Coulter laser daiffraction
particle sipe analyser (LS 13 320 seres, Beckman Coulter, Fulleron €A, USA) The
coagulation of wanued pulks by recoanbmant rennet was camed out ab 32°C for 30 pun
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Rennet congulabion properties {rennct coagulabion tune (RCT), rate of eurd binnmg (RCF) and
curd firmness at 30 min (CF)) were assessed in tnplicate by the Optigraph® system (Y scbaert
Inc, Frepillon, Framce). Data were processed by analysis of variance (ANOVA) using the
general linear models procedure of Statgraphics®. Tukey's test was used for companson of
sample data. Evaluanoas were based on a sipmibicance level of P < 005, Confocal laser
scanmng microscopy (CLAM) observanons of reanet gels were perfornmed in fluorcscence
mode essentially as Michalsk: e al. {2002 deseribed.

Fezules and Dizeussion

Rennet clotting time (FUCT) was dependent on the treatment. although the secondary stage of
UHPH did not seem to affect it. However, two-stage UHPH significantly diminished both the
rate of curd fimuness (RCF) and curd firminess (CF) in relation to their homologues treated by
siagle stage,

Samples treated a1 100-130 MPa had significamly lower RCT than the rest of milks, This
could be attnbuted 1o lower pH=values, which would enhance chymosm performance, due to
the achion of ressdual indhpenous hpoprotem lipase after THPH treatment (Hayes and Kelly,
2003} Milks UHPH-treated at 100-130 MPa and homogemsed-pastennsed showed the lowest
BCF and CF. The particle size distnbutions showed that milks treated at 100-130 MPa were
rather sanular to honogenised-pasteunced milk. Moreover, confocal mierographs showed that
the gels obtuined from thesse milks were alvo rather smular, They presented open protein
matrzces, with large and wregular pores delimated by thack and lumpy strands, wathan imddle-
sized far globules were embedded. Far globules entrapped mto the gel would disug the
contmuty of gel struchire acting as weak centres (Gosh et al,, 1994),

Milks UHPH-treated at 200 and 300 MPa (single-stage) showed RCT simuilar to these of the
contrals. However, their RCF and CF were much higher. Single-stage UHPH abewve 200 MPa
provoked the smallest particles. The micrographs showed thar gels presented tight protein
matrices with thin strands and associated very small fat globules.

UHPH treatments at 230 and 330 MPa (two-stage) resulted in significantly lower RCF and
CF. The particle size distributions showed that abeve 200 MPa, the secondary stage proveked
the coaleseence of the smallest fal globules resulting w distnbuticns much closer to those of
milks UHPH-treated at 100-130 MPa and homogenised-pasteurised. The micrographs showed
that their gels presented much laxer protein matrices than those from single-stage weared
milks. Moreover, the secomdary stage above 200 MPa provoked a broadening of the
distnbunons, with paricles larger than 40 pm that comesponded 1o aggregates of snall fat
globales.

Conclusions

Whele nulk with an inlst temperature of 30°C weated by single-stage UHPH at 200 MPa
showed superior rennet coagulation propemics, which could be anributed o smaller fat
globules. The results suggest that UHFH could enhance the cheeseamaking properties of nulk.

References

Briiez, W.I., Roig-Sagues, A X, Hemandez Hemrere, MM, & Guanus Lopez, B. (2008)
Jowrmnal of Food Praotection, §9, 86-92.

Gash, B.C., Seeffl, A Hinriehs, 1., & Kessler, H.G. (1994 Milelvwizsenschaft, 49, 363-367.
Hayes, M.G., & Kelly, AL (2003) Joumal of Dairy Research, 70, 297-305,

Michalski, M.C.. Carion. E.. Michel, F.. & Gamier. C. (2002) Joumal of Dairy Science, 85,
2451-2461.

259




ANNEXES

260



2 L] i "EPRAY T | L
T S SRR L0 IR ‘(ML) ARG ERR POaal S R EEody o s anee
Aokl UoEtasy

I LSROURA) WETEAT o deaSEiD By A STEIEAI U pAFSRETY S ([ 43] URal O 3 SERALIY
D [ EUEE‘E S " T E—EEU_E%

iﬂﬁ?ﬁii]ﬁ!!ﬂ!%ii!ﬂ:!i
i....?ﬁ.....u:ﬂl!ciﬁ&aici SR DZE 1 571) JSRArue v Sved LoeIp
ii%-igi!niilgﬂigg

] DUNERAUNUS 4 DISSISET SR8 ML PIEROUN DU DR 0 AN ﬂ___n._!nnn_..._!._
spslpeue jEaiojoga.)
(Jol ¥ 8 5T pue u._n.vqi...l:-.

L P s B 0 Deld ¥ EEUEEEEEE
*[L00E) TT-ET 06 PUR AT SE0UT 01 BRIRDWOG Biae QERL) JO Ty e 3 AR puR
._u.:.u.n.__.____..n _.____._iq tuﬂlﬂt?iiﬂ.l:iiﬂ%; (RN ol BUR SobT 5 SRINEtWE, FHU LW (A i b PR sy
yl-REn 0 10 T l_.__r_._. d ‘opwesy s nleugy Ty RoWEF L gi!tﬁ?!ﬁigﬂusihinggigug
A._.._nuﬁm_-.u TROE "0 "asuses Aneq PRI i B i (a0 R ORI Sty Py p ¥ '00€ 11064 penu) 4
0 NG I.-.l._:_l-u Ay n__.l. aunEsag gg#ﬁlgi!iﬂitgig
UBIH-RIIN JO 593 °T ¥ “oNIREL § 8 “BuARG - ,nn.!!&_ Inbeusd Tf eplm E SPOLRML PUR [RUSEY T
“TGGE] 26-08 "6 "UBTSaMA P B
5%5 ui!...a.i}!!u..lxth!d!::!lﬂ_._! R Eeod o Eusdns uannbem
usgAEU] ) e oW " i W -G W TR 1 EEEEEEE!tEEE-.EEIﬁ‘iE
L00E B ROWIET 1O00E
SRS “IE 3 BpARY SO0F S iuglgggig_ﬂ
ol ey 0 WEPNPAS apnpowl Ananpu) Aep g o) ADouysal SRE 0 SR RIS "SpoD)
s 100l Wiy DD 0y EROOUGHU Pul Sei 0 AR Bgam B S UONSAEEU Byl 0y BERSud ihauny B ol ABOSuE
Hadmn Ao FUUR) G R oo N ) J0 SOEIER DU 1 TR BOSEROU] UT UGG Y B0 B9 OSE 0 SRinsERd
ot suonended [eUARAY PHENEE U BUDNDR U SO SR Rl 0T 8 HdM #0es-0urg R 5] MORR EPLSIRW [UR UBERD SAIRA BUT U) EjuaBaRD Fulu g Lsmabiacey 1R
-y ALHEY J0 Y By nE'—uEE!iEEE
UOISHPUOD *p
00z BIOWEZ [LO0E 18 38 pasn) oSN poU]
WL MY PRG-I I SO ShteAdad Uj PRRErSd S 0 SR GUR SR syl Al 100l 0 senssdosd el e pUR (ERROUHL Sl STUTYUS O RN 1590
D] DN B 40 g R gl OOF W pidian BBEE-RSan Jieg) PR DD B LD ) Paesud i Sl By usllg
Ay a W PN 0 s O L3 SR PAsOU Rl 00§ 1P N R pagin g jagHn ubtougy {473 EESLL U PR () BRI PR 0 SR L] STy BATiop
AR PR Bl DOF 10 el Aepon0ot Bl TG PIAOUS SUGHNGLIDE SINLIRY T pue IULE Bk Eenaadourd UONRRSR0s PRETIS BN PRIRRI) A LR gy
A W1 PAEUILAD g SO St Tl DO 1R DAL K abeis- g &g B S LS EET:._I_.__E-EE._-!ELE_LE:_UH: BLLIEY IOIGEE DUE jjjIRG05I8]
PEATGO dud 500 EEU00S TN L i 0 SEOUY D) AP G SRR oM BRI jaeesal IPACINTIN| ‘PALAGENS "R A N0EALd ‘RN 0] BuRRSWSUS A PHETIS TRM
AL W A PR Bl DO I PIIRN BRI § USAF 0 F SE0UL 00 NI SRR & DaMONE L PR Hi I PR S 3 A (SO Sl Tl 0F PUE o0 JO SRty U
.-u.u-u.ﬂil_-!.r.. -I_.ﬂ_._"__.._ e R I L gy b di dusisy 1aui g%iii-i?ﬁ!gggtgrﬁ
Ul SHEARID YD "HAHI DUILAIUDD 4D 15W0] BUL PAROUS SNIW PESLINGLS ) U B O BUR Rl OOCID0EMOED MdHn MSmica] a8 Mol 01 paasigng B W
#giﬁlﬂii—l (R PO R I i :...l.-...lf.ii pas S mw ob jo sanuedad
Ayl sem L0 53 MR 0 IR 100 40 PURE S SIS PRG0S iR PRsUnaqsnd yinoy iy %EE%E;EET}"‘F}E?E:.‘EE
PRASIESD PIGSHUGS BUBM FIO30INUS BUR |||IHRGE53R| A
‘BRI CUIIRER U] RSO (R30) PUR 00090 ‘aadongosysisd o uorkes u [pwing BLULLING
Im:ﬁuhiiggﬁgérﬂiﬁn!afa%ga
e A SISO ML Gud SLOILEG e TRsas
“EI0MUIUR PUE PALOMGO 22) § DUR ORGSR J0) 9 OO0 pue ydonoapted ‘supeq CRRUBND) G "OPRARAD WL AP Y OUAT Y LTV
1R a5y s e 4 e EURED ivi Yyl et s &) A E fatiiai
R 0 SYEna0 SiY U] SHINPRI WRMEUDE ¥ ARY0 0 SHE S Bl 0T B SIUSHUTSIY HaHi x__—.._ ﬂnﬁﬂﬁmﬂtmn?_n upienBeo JaUUsY PUR |BIQ0JIIY
UOISSNISIP PUR SIS *F opesuabowoy aunssald ybiy-2a3In Jo 12343 (TZT4-11

261




ANNEXES

Identification of interactions within rennet curds
prepared from raw and UHPH-treated milks
using dissociating chemical agents

From row milk to dromed cordse Increasing for confent resulfed ine
T

&

»

Guontificotion of fotal protein i ords:

UHPH treatment resulted in

ociotion through chemica ogents C

Quantificotion ond  identification of profeins  in exirocts:

Levels of proteins oorocted

Protein identificarion by 5D5S-PAGE
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and UHPH-treated milks using dissociating chemical agents

A. Zamora™, E. Armaforie?, A. |. Trujille’, A. L. Kelly?’
'CERPTA, Departament de Citncia Animal i debs Aliments, Universitat Autdnoma de

Barcelona, Bellaterra, Spain

! Deparement of Food and Nutrtional Sciences, University College Cork, Cork, Ireland

a-mall: anra. zamoraiuah o

Simpgle-stage ultra-ligh p e
{LIHFH} of standardised milks {000, 1.8 or 3.6% far)
was performed ar 300 MPa (mm-Gen 7400 H mesdel,
Sransted Fluid Power Lid., Essex, UK) a1 an inlet tem-
of 3C, Raw and UHPH- treatod millis v oo-
agubaced by rennet addizion, and cands weee cut and cen-
erifuged. Todtal protein comtent of drained curnds was de-
terrsinasd suing thee Kjelehahil metherd The intevacticns bes~
wieen pamicins were snuried by mesmring the exent of ex-
EracEiom using Ml water, EDTA, 505 or
e, ing the method of Lefebvre-Cases er al.
EiH‘E’].Sﬂthpmuumqunﬁinduh;lmﬂdj:-
fied Lowry method and identified by SDS-PAGE gels,
For both raw and UHPH-treated milks, incressing
ansiunt of far bed tooam & of profteans dissoctated
im water and EDTA, but decreased dissodation in urra

Povirr Abeiracss IHI'PS-—M:M

EDTA tn bt saw and LTHPH cunds wom the whay
seins [-LO and a-LA, and breakdown Fmg;
ai-CN and (-UN, UHPH significantly increased the
amount of proteing disseciated in wabor and EDFTA; the
proteins. imolved were as-CN, fi-CH and their
degradatbon produces snd. in the case of EDTAL some k-
CN and parek-CIN wore dissociaeed. The main g
trine dissociated by ures ard 515 wene as-CN, -CN,
para-k-CN, seme f-LG and the degradation paeducrs
of oe=CN and [-CN.UHPH decreaed the
amount of pretein dissocibie by urea, but increased that
dissocizble by 516, In conelusior, Far enhaneed the foe-
mation of iomic bonds with caldum wle, bat impaired

¢ interactions wnd bandte. Movwever,
LTHPH inereased free and caldon:bonded an-CM and
B-CN, enhanced hydmphobic interactions, but impaired
bydrogen bonding of cascins.
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Effect of ultra-high pressure homogenisation
on shelf-life of a starter-free fresh cheese

Qg-.“_m_" Immors, A, Feragut, V., Guami, 8, Trujia, A1, " —

Canie Egpecel (2 Radence Feniz @& odode eis Siments (C5RF TR, X2RTA, NT, MALTA Corsditer Group,
Depprmmerns ce Sanda rimel | oeis Almens, Uniersies Atrome on Beroione, 05153 Saaierra.

Intraductian

Uitra-high pressure homog =nisation (UHPH) i bacsd on the same principls that of conwentlonal ball-and-s=at homogenisers, but cunnent
developments in the decign aliow to r=ach precoures of 350 MPa. Thers has b==n 3n incr=xcing Interect in the application of UHPH In food
technoksgy 2 3 minimal process for the production of 3 wide varl =ty of saf= 3nd nutritlous foods.

Material and M=t hods hm

Material standardiced bovine milk {3.6% fat). L0180 g hemne)  Totul solids Pat Protein
Treztments: UHPH at 300 MPa (UH: FPE113040, Stansted Fluld UM 30044032 119204° 11L874028°
Power Ltd), comventlonal pasteurisation (PA: 80°C 15 ) or P 261038 1S E0I* 1rAZ 04
h =nilsat] on- pac tion [HP: 18 MPa 60FC, BOFC 15<). L LI RO JAREOAY  LLAT 4 O.30°
Chesre—making: 45 min rennst coaguiation, 15 minoutting, 10

min stirring, S0 min dral packaging.

Tatal bacteria, psychrotrophs & lactococd

Chesce composition: total collds & mokcture [IDF Standand
004:2004), fat {150 Standasrd 3433:1975) prot=in [IDF
Standard 185: 2002

Microbislogy! total hactarta {TC) & psychrotrophs (PSY) Flate
Count Agar (30°C 48 h B 20°C 72 hj lactococc] {LC): M17
[30°C 48 h): lactohaclll (LB} Rogasa (30°C 72 h: colforms
{COL} Wiolet Red Biiz Agar [37°C 24 h £ coW (EC) CollID
{37C 24H): yeacts & fungl [YF) Rose-Bangal Chiorsmphemniool
Agar [20°C 5 d) 5 swrews [SA ) Balrd-Farker RPF Agar (37°C
43 h onday 1! L monocytoge mes (UNE-EN IS0 11230-1) &
Swmonsis s po. (UNE-EN 150 6573

Miretia! Loests (o dardl

Resuits B Disoussion

& Lactobacllll, coliforms, £. ool and y=ast & maoulds wens not
detected In sither comeentlonally of UHPH-treatzd  milks.
Howeew =r, the =ffect of UHPH on total mesophik=s, pewchro-
trophs and actococc] was significantly greater than that of
coamee mthonal trestments.

@ In che=ges none of the pat hogens were detected ot day 1
ol weene actobaclill nd £. cofthroughout the ctorage period.

@ UHPH-chs=ces showed the low st rate of growth of total
mesaphil = and pepchrotrophs, with 3 concomitant |nonsase in
the cheif-ife of chescec {6 log ofuf g resched at day 13 w5 17).

@ UHPH triggersd some unknown changss In the milk wihich
enhanced the growth of Ixctocooc] at an =arly stags of the
storage period. No differences In the pH of chescec wers
obterved, thus pH s==med not to b= related to this
phenom=nan. UHPH hx been proven to b= l=xz aggreschee
ftowards thermolablls compounds, which could act = grawth
factors.

@ Yext and moulds were malnly detected In PA-chesgec:
UHPH-ches=se=s had high=r molture content. which oould
=nhance bacterial growth thus inhibRing the growth of y=axt
=nd moulds.

Hille microbiology
Faw L7} ne un i e
e LTS & D3 ® Lid & 0L10F 158 & 009% OU79 & 0.03° l
PEY L752004° G009 106 2 005% 0L 0a10 = - fam
(L9 L2084 OTISADAZY AR 3001° OAT & Q1Y ! = — . me— 1 L
[TR T TR e ¢ o HO a — |
Ol 130 &083° 00840080 -1 -1 i _
[L XL YT T wo o wo .
AL SRR L MO o ot L | PP
SA LTS a00%% L L wo
R v pa LR — 4
i ¥ L] ¥ L] - L] L] - -
Gmea

Conciusians

Frech chesses from U HPH-tre at=d milks howed |onger shef-Iifs than those from comee mtionally treated milies due to both a greatsr reduction
of microonganisms and a lower rate of growth

annazamora Buaboat
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EFFECT OF ULTRA-HIGH PRESSURE HOMOGENISATION ON SHELF-LIFE OF
A STARTER-FREE FRESH CHEESE

Famora, A., Ferragut, V., Guamis, B.. Trujillo, AJ*

Centre Especial de Becerca Planta de Teenwlogia dels Aliments (CERPTA), XaKTa,
XiT, MALTA Consolider Group, Departament de Ciencia Animal 1 dels Aliments,
Universitat Autbnoma de Barcelona, Edifici V - Campus de la UAB, 08193 Bellaema
Spain

The aim of the study was to evaluate the effect of homogensing milk with ultra-high
pressure homogenisation (LUHPH) on the microbiological shelf-life of a starter-free fresh
cheese, UHPH (300 MPa a1 30°C: model FPGL1300, Stansted Fluid Power Lud) was
companed with conventional pasteurisation (PA; 30°C for 15 s) amd homogenisation-
pasteurisation (HP; 18 MPa at 60°C, 30°C for 15 s). Microbiclogical quality of cheeses

14 Sccond SAFE Consortism [ntermaiional Congress on Food Safeiy
17 =29 April XK - Girona - Spain

stored at 4°C was studied by enumerating total acrobic mesophiles, psychrotrophs,
lactococei, Iactobacilli, coliforms, E coli, and yeast and moulds. The analysis was
carried out every 2 days until the wial counts reached 6 log ofw'e, Treated milks and
pathogens in cheeses (L monecytagenes, Salmenella spp. and 5, aurews) were analysed
on day 1.

Coliforms, E. cofi, lactobacilli, and yeast and moulds were not detected in either
conventionally or UHPH-trested milks. However, the effect of UHPH on total
mesophiles, psychrotrophs and lactococei was significantly greater than that of
conventional treatments, In cheeses, none of the pathopens were deteted at doy 1, nor
were laciobacilli and £, cofi throughout the storage period. UHPH-cheeses showed the
lowvest rate of growth of folal mesophiles and psychrotrophs, with a concomilant
increase in the shelf-life of cheeses (6 log cfwp reached at day 13 v day 17).
Moreover, UHPH triggered some unknown changes in the milk which enhanced the
gromih of lactococen ot an carly stage of the storage period, Mo differences in the pH of
cheeses were ohsgrved, thus pH ssemed not to be related w these phenomenn UHPH
hus been proven w be less aggressive wwards thermolabile compounds, i.e., vitamins,
which could act as growih factors. Yeast and moolds were mainly deiected in PA-
cheeses: both UHPH- and HP-cheeses hiad higher mosture content. which could
enhance histenal growth thus inhibiting the growth of yeast and moalds.

Second SAFE Consorimm [nierational Congress on Food Saleiy 1068
2729 Apnil X008 ~ Girona - Spain

265




	I_0_OutIndex
	I_1_Index
	I_Introduction_F_4
	II_1_Coagulation_F_2
	II_2_Protein_F_3
	II_3_MFGM_F_3
	III_1_Prod&Micro_F
	III_2_Composition_F_5
	III_3_Microstructure_F
	IV_Conclusions
	V_Annexes_F
	COLOR 
	TEXTURA 
	Firmeza        
	Elasticidad        
	Granulosidad        
	Sensación pastosa        
	Sensación acuosa        
	Observaciones (describir todo aquello que creáis conveniente de los parámetros o atributos analizados):


