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Chapter 1

LITERATURE REVIEW

1.1Introduction

Early man had no concept of microorganisms, enzymeschemical changes in
substrates, but as soon as the milk was removed tfie animal, it soured naturally, and
was preserved in its unique way, becoming a staptlee diet. A logical variation of sour
milk was the development of cheese fermentatioris Tias due to the use of calf
stomachs for storage of fresh milk. The milk soumedhe presence of rennet and the
curd losing its whey through porosity in the caibreach became primitive cheeses.
Cheeses are well preserved milk foods contribupngtein, calories and vitamins to
consumers while also providing a diversity of flave aromas and textures to the diet
(Steinkraus, 1994).

Cheese is the generic name for a group of fermemtidbased food products, produced
in a great range of flavours and forms around tleeldv(Fox, 1993). It is generally

believed that cheese-making developed around tgesTand Euphrates rivers in Iraq
around 8000 years ago when the first animals (sla@epor goats) were domesticated
(Cogan and Beresford, 2002). In the Middle East bntlan subcontinent, milk was

fermented, which provided nutrients in a safelyspreed form. These were principally
lactic bacterial fermentations, which used the chyldrate lactose and converted it into
glucose, galactose and lactic acid, in so makirg rfilk longer lasting and more

palatable (Campbell-Platt, 1994).

Cheese is an excellent dietary source of high-yupibtein, vitamins and minerals such
as absorbable dietary calcium. Cheddar cheesegsessa pleasing, walnut flavour and a
waxy body, which breaks down smoothly when smaitipns are kneaded between the

fingers and contains a minimum of gas holes. THeutaf cheddar cheese is variable,

-12 -



white or yellow, but always uniform. Salting of cltar cheese is done by the direct

addition of coarse salt to milled curd followedryxing and packing (Smét al, 2001).

Originally the primary objective of cheese manuiaetwas to extend the shelf life of
milk and conserve its nutritive value. This wasiaeld by either acid production and/or
dehydration. Most rennet-coagulated cheese underggeeriod of ripening which can

range from three weeks to two years (Cogan andsBerk 2002).

Fermented foods are those foods which have beefecteth to the action of
microorganisms or enzymes so that desirable biomanchanges cause significant
modification of the food. Food fermentation représeone of the oldest known uses of
biotechnology. This traditional biotechnology haslged from ‘natural’ processes in
which nutrient availability and environmental camahs selected particular
microorganisms, to the use of specific starterucalt. Fermented foods and beverages
represent a significant proportion of all diets ldaride, consisting of about one third of
the food intake (Campbell-Platt, 1994). Fermentsatlé are of great importance because
they provide and preserve great quantities of towis food in a wide diversity of

flavours, aromas and textures which enrich the mudiet (Steinkraus, 1994).

A major source of variation in the characterisb€€heese resides from the species from
which the milk was produced — the cow being thetnmportant (McSweeney and Fox,
1993). The fat of cheese is dispersed as an emutsibit is not uniformly distributed as
in milk. Variations in the clustering of the fatoglule in cheese depend on the handling
and treatment of the milk, the skill of the cheesaker and the nature of the facilities
(Smitet al, 2001).

Protein is the most important element in the mastufing of cheese. Cheese is a rich
source of protein although the amino-acid compasitf cheese and milk is not identical
as cysteine is concentrated in the whey proteinkstharefore lost in the whey. Cheese
contains all the essential amino acids and onlyllswaaiations are reported between
different cheeses (Snet al, 2001).

-13 -



Throughout manufacture and ripening, cheese praduotpresents a finely orchestrated
series of consecutive and concomitant biochemigahts which, if synchronized and

balanced, lead to products with highly desirablenas and flavours, but when

unbalanced, result in off-flavours and odours (FB893). At the end of many cheese-
making processes, a bland rubbery mass of curdtsined. It is during ripening that

many cheese types develop their characteristiotdies/through the gradual breakdown of
carbohydrates, fats, and proteins. Several ageats1@olved in the ripening of cheese,
and the impact of the contribution of each of thegents varies according to the type of
cheese (El Sodeat al, 2000).

Ripening of hard cheeses is a slow and time conmsymprocess, making ripening an
expensive process because of capital immobilizataoge refrigerated storage facilities,
weight losses and spoilage caused by undesirabieefgations. Owing to the cost of
ripening, there are obvious economic advantagbe ained by accelerating the process,
provided that the final product has the same flaywofile and rheological attributes as
conventional cheese (Wilkinson, 1993; Cogan an&#erd, 2002; Singhkt al., 2003).

The main methods used for accelerating cheeseimgaemay be summarized as (Singth
al., 2003)

» elevated ripening temperature

* modified starters

» cheese slurries

» adjunct nonstarter lactic acid bacteria

e eXogenous enzymes

The ripening temperature for Cheddar cheese i246C. Because the starter plays a key
role in cheese ripening, it might be expected timateasing cell numbers would
accelerate ripening, but high cell numbers have lassociated with the development of
bitterness in Cheddar cheese (Cogan and Beresf2082). Elevated ripening

temperatures (e.g. 16°C) are the most effectivehoakebf accelerating the ripening of
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Cheddar cheeses (Cogan and Beresford, 2002; Mc®we2004a). The temperature and
relative humidity of ripening rooms must be cored| adding to the cost of cheese
ripening (McSweeney, 2004a).

Problems associated with accelerating cheese rigeni

» Elevated temperature tends to distorts the balaicenicrobial and enzyme
processes that produce structure forming peptidéslavour compounds
» Over activity of exogenous enzymatic processeodssthe balance of flavour

compound composition

1.2 Outline of cheese manufacture

The definition of cheese is a concentrated formmilk obtained by coagulating the
casein. This entraps milk fat, lactose, water agdira proteins (albumin, globulins).
Most of the water and water soluble constituergsexipelled as whey. The seven steps in

cheese manufacture are:

» Addition of lactic acid starter bacteria culturesnilk (to produce lactic acid)

» Coagulation of milk followed by cutting the curd

» Cooking at temperatures from 32 — 54°C, which, tiogiewith acid production,
assists expulsion of whey from the curd

» Separation of whey and curd

* Molding and pressing the curd at low (soft cheese)elatively high (hard
cheese) pressure

» Salting or brining

* Ripening at temperatures of 6 — 24°C to allow ctitarastic flavour and texture

development (Cogan and Beresford, 2002).

Most cheeses are brined after pressing, but Chaddar exception; it is dry-salted and

milled before being pressed (Cogan and Beresfd@2R Cooking temperature has the
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potential to inhibit the growth of some organismsd aplays an important role in

controling the growth of starters and undesirahleraorganisms (McSweeney, 2004a).

Cheese manufacture is a highly complex process.coh®osition of the initial milk is
adjusted by centrifugal separation and possibly algafiltration. The milk will then be
pasteurised at 72°C/15s to reduce the risk frorhquenic organisms, adjusted to the
desired fermentation temperature, and then pump&da cheese vat. Starter cultures
consisting of a carefully selected species of taatiid bacteria and a coagulant (rennet)
are added to the milk and allowed to coagulates Thiby destabilization of the casein
micelle (Singh and Bennett, 2002).

Once the coagulum is of sufficient strength, itus into small particles and, by a process
of controlled heating and fermentation, syneresisxpulsion of moisture and minerals
(whey) occurs. Separation of the curd from the wivéi filtration follows. In the case
of Cheddar, the curd is allowed to fuse togethatt ®ay then be incorporated into the
curd for preservation, as dry granules. The cuptéssed into blocks by either gravity or
mechanical compression, and the cheese goes intmlted storage conditions for final
fermentation and maturation (Singh and Bennett2200

Cheese manufacture is essentially a microbial fetatien of milk by selected lactic acid
bacteria whose major function is to produce laeiod from lactose, which, in turn,
causes the pH of the curd to decrease. The finafpt manufacture ranges from 4.6 —
5.3, depending on the buffering capacity of thedcubehydration also occurs during
cheese making from an initial value of 88%, in tase of cow’s milk, to 50%. An
enzyme called rennet (coagulant), a protease e tescoagulate casein, the major milk
protein (Cogan and Beresford, 2002).

In milk, the primary soluble proteins are the whegoteins, a-lactalboumin andp-
lactoglobulin. The insoluble proteins are foundarge colloidal particles, called casein
micelles (Crabbe, 2004). Casein may be considesegplaerical, composed of four types

of caseins d-s1, a-s2, B, k). kK — Casein is a calcium-insensitive protein whichhfe a
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protective layer at the surface of the micelle abthe calcium-sensitive caseinssf, a-
s2.B, v) (Crabbe, 2004). The stabilizing effect arisesalsex — casein is divided into a
hydrophobic para-« — casein and a hydrophilic region called -casein
glycomacropeptide (GMP). It is also negatively ¢ear and repulses other casein
micelles, thus ensuring that coagulation does wotioin milk. When rennet is added,
only the k — casein molecule is hydrolyzed to pasa-— casein, and subsequent
destabilization of the micelles occurs, which thesagulate and curd formation is
obtained (Dalgleish, 1993; Dejmek and Walstra, 2004

Rennet-catalysed coagulation of milk occurs in phases: a primary enzymatic phase
and a secondary non-enzymatic phase (Berridge,)1942 primary phase of rennet
action involves the formation of small peptidesidgrrennetingx —Casein is the only
milk  protein  hydrolysed during the primary phase ofennet action
(Waugh and Von Hippel, 1956Dnly one peptide bond, PheMetos is hydrolysed,
resulting in the release of the hydrophilic, negati-charged C-terminal segmentiof-
casein. kx — Casein hydrolysis destabilizes the “residuaBrgpcasein) micelles, which
coagulate in the presence of a critical concemwinatif C&"* at temperatures > ~ 20°C, i.e.
the secondary, non-enzymatic phase of rennet cat@gul(Schmidt, 1982; McMahon
and Brown, 1984; Sheeham al, 2006). A critical concentration of €aand a minimum
temperature (~ 20°C) are required for coagulat®eduction of the colloidal calcium
phosphate (CCP) content of the casein micelleseptsvcoagulation unless the Ca

concentration is increased (Walstra and Jenne8g, Fax, 1993).

k—Casein remains soluble at all these calcium cdretgons and prevents the
precipitation reaction when present with the otbasein types, producing a colloidal
suspension instead (Horn and Banks, 20Q4). Casein must first be removed so that

other caseins can precipitate if calcium is added.

A rennet gel is quite stable under quiescent cardif but if it is cut or broken, syneresis
occurs rapidly, expelling whey. The rate and ext#nsyneresis are influenced by milk

composition, especially 4 and casein concentration, pH of the whey, cooking
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temperature, rate of stirring of the curd-whey migtand time. The composition of the
finished cheese is to a very large degree detedminyethe extent of syneresis (Scott,
1986; Fox, 1993).

1.3Ripening of cheese

Cheese ripening is a very complex biochemical med®/ which the rubbery or elastic
curd is converted into a smooth-bodied and fulgwdlured cheese. Flavour and texture
are considered as the two main criteria in detengithe acceptability of aged cheese.
The time required to develop characteristic flavand texture varies from a few weeks
for soft cheeses up to three years for very hartetires. During this period, cheeses
attain their own characteristics through a mulgtuaf chemical, microbiological and
biochemical changes whereby protein, fat and residactose are broken down to

primary products which are further degraded to sdaoy products (Kheadht al.,2003).

Cheese ripening is a complex process involving ageaof microbiological and
biochemical reactions. Microorganisms present ireske throughout ripening, play a
significant role in the ripening process (Cogan Bedesford, 2002).

Cheese manufacture and ripening involves the actianzymes (from rennet and milk)

and selected microorganisms, both directly, whileangng, and indirectly, through their

enzymes after death and lysis (McSweeney, 2004&yoblological changes to cheese
during ripening include the death and lysis oftstacells, and the growth of adventitious
flora like nonstarter lactic acid bacteria. Cheéseure softens during ripening as a
consequence of hydrolysis of the casein micellendyproteolysis, changes to the water-
binding ability of the curd and changes in pH (Whio turn may cause other changes

such as the migration and precipitation of calcplmosphate) (McSweeney, 2004b).
The biochemical changes occurring during ripeniray ioe grouped into primary events

that include the metabolism of residual lactose ahthctate and citrate, lipolysis and

proteolysis. Following these primary events, seeoypdbiochemical events are very
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important for the development of many volatile iav compounds and include the
metabolism of fatty acids and of amino acids (Mc&mwey, 2004b). A fine equilibrium
between primary and secondary products has beemnstmbe responsible for typical

cheese flavour and texture (Kheadial.,2003).

Rennet-coagulated cheeses are ripened for a pemging from two weeks to two or
more years, e.g. extra-mature Cheddar cheese,gdwinch the flavour and texture
characteristics of the variety develop. Ripeningually involves changes of the
microorganisms of the cheese, including death gsid bf starter cells, development of
adventitious non-starter microorganisms and, in ynelneeses, growth of secondary

microorganisms (McSweeney, 2004b)

Cheddar cheese ripening is mainly affected by #te and extent of proteolysis (Fox,
1989). Enzymes from several sources contributerateplysis and the development of
cheese texture and flavour during ripening. Theseymes originate from the milk
(principally plasmin), the coagulant (rennet), &grsecondary starter and non-starter

microorganisms (Fogtal., 1994; Lanet al.,1997).

The unique characteristics of the individual cheedevelop during ripening, and hence
the flavour, aroma and texture of the mature chease largely predetermined by the
manufacturing process e.g. moisture, NacCl, typstafter and secondary inocula added.
During ripening an extremely complex set of biocleahchanges occurs through the

catalytic action of the following agencies:

coagulant

» indigenous milk enzymes, especially proteinaselgase, which are particularly
important in cheeses made from raw milk

» starter bacteria and their enzymes which are reteafter the cells have died and
lysed

* secondary microorganisms and their enzymes

* non-starter bacteria
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* exogenous enzymes added to accelerate cheesangpeni

The secondary microorganisms may arise from thegg@mbus microorganisms of milk
that survive pasteurisation or gain entry to thelkmafter pasteurisation, e.g.
Lactobacillus, Pediococcus, Micrococcust they may arise through the use of a
secondary starter (Beresford and Williams, 2004)gréat deal of research in Cheddar
cheese technology is devoted towards the additiomdjunct cultures which may

accelerate ripening times or to improve flavour l@ivison, 1993).

During the ripening of cheese, three major/primbaigchemical events — glycolysis,
lipolysis and proteolysis- occur, each of whichinsolved in flavour formation. The

latter is the most important and also the most demfCogan and Beresford, 2002).

Glycolysis is the conversion of lactose to lactidaand is due to the growth of starter
bacteria and the lactate produced gives the fresialgle cheese its overall acidic taste.
They can also produce diacetyl, acetate and aeétad, which are important
compounds in flavour formation in fresh cheeseagelyl is also an important flavour
compound in hard cheeses (Cogan and Beresford).2002

Lipolysis results in hydrolysis of the milk fat ampdoduction of glycerol and free fatty

acids, many of which, particularly the short-chanes, have strong characteristic
flavour. The fatty acids can be further metabolit@dnethyl ketones and fat also acts as
a solvent for many of the flavour compounds produce the cheese (Cogan and
Beresford, 2002).

The sources of proteinase in cheese are milk itskifmosin (rennet), starter lactic acid
bacteria (SLAB), nonstarter lactic acid bacteriaS{AB), and the secondary
microorganisms (micrococci, yeasts and moulds).k Mitoteinase is plasmin and is
significant in cheese when the chymosin is inatéidaduring cooking of the cheese
(Cogan and Beresford, 2002).
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Small peptides produced from hydrolysis of caseam be broken down into smaller
amino acids, peptides, amines, alcohols and sulglomtaining compounds, which
contribute to flavour formation, by autolysis oBtBLAB which releases proteinases and
peptidases (Cogan and Beresford, 2002). In the dgmbination these compounds are
responsible for the flavour of various cheesesWtieet al, 2005). It is usually the large
peptides that provide texture to the cheese wilike gsmaller peptides are used as
precursors for flavour formation. For a generalreieav of the biochemical pathways

during cheese ripening refer to fig. 1.1.
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Fig.1.1 General overwiew of the hiochermcal pathwayz m cheese rnipemng

(McSweeney, 2004a)

1.4 Microorganisms involved in cheese ripening

The microorganisms involved in cheese making areksé ripening can be divided into
two major groups:
1) Microorganisms (SLAB) that are added to the chesntle after
being carefully selected

2) nonstarter lactic acid bacteria (NSLAB).
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Group one can be further subdivided into two grotips primary and secondary starter
(El Sodaet al, 2000). Starter lactic acid bacteria are involue@cid production during
manufacture and contribute to the ripening proc&bg secondary microorganisms do
not contribute to acid production and consist of f@nstarter lactic acid bacteria
(NSLAB) and (b) other bacteria, yeasts and/or maulthe microorganisms and their
function in cheese production are summarized ifetald.

1.4.1 Types of starter bacteria

Two types of starter bacteria are used in cheedengrathermophilic with optimum
temperatures of 42°C and mesophilic with optimumgeratures of 3« (Cogan and
Beresford, 2002).

The selection criteria for O-type (a specific startype) mesophillic starter cultures in
Cheddar cheeses are as follows (Cogfaal.,, 1991):

» Phage resistance at 25, 30 and 37°C

* Acid production at 21 and 30-40°C

+ Salt tolerance

» Proteinase and peptidase activity

Starter bacteria are lactic acid bacteria (LAB) #mr function is to produce acid during
the fermentation process, acidify the cheese milkam appropriate rate and also
contribute to proteolysis during ripening (Fox, 29&ane and Fox, 1996). They also
provide a suitable environment with respect to xedotential, pH, moisture, and salt
contents to allow enzyme activity from the chymogiennet) and starter to proceed
favorably in the cheese (Cogan and Beresford, 2002)
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Table 1.1Microorganisms in cheese and their function

Genus or species Major function

Starter bacteria

Lactococcus lactis Acid production; flavour formation during
ripening
Leuconostospp. Metabolism of citrate
Lactobacillus delbrueckii Acid production; flavour formation during
ripening
Streptococcus thermophilus | Acid production; flavour formation during
ripening
Enterococcuspp. Flavour formation during ripening

Nonstarter lactic acid bacteria

Lactobacillus casei Flavour formation during ripening
Pediococcuspp. Flavour formation during ripening

Secondary flora

Corynebacteriunspp. Production of menthanthiol
Brevibacterium linens Production of menthanthiol
Penicillium camemberti Proteolysis
Penicillium roqueforti Proteolysis
Yeasts Deacidification (conversion of lactate fto
CO, and HO)

(Cogan and Beresford)20

Apart from milk plasmin and rennet, lactic acid teaim (LAB) are the major source of
proteolitic enzymes (proteinases and peptidasesheeses (Kungt al., 1996; Lane and
Fox, 1997). They transform caseins into small pkgstiand free amino acids, which
contribute to flavour and serve as aroma precurdemgels and Visser, 1996; Fox and
Wallace, 1997).

The starter bacteria grow rapidly in cheese mil@d aard during manufacture, reaching
10%- 10° cfu g*, but subsequently decrease to approximately 1%hafimum numbers

within 1 month of ripening due to the low curd pd¢pletion of lactose and the high salt
concentration in the curd. The death and lysis haf starter cells are important as

intracellular proteolytic enzymes are released the&ocheese matrix where they degrade
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oligopeptides (casein derived peptides producethéyoagulant and milk proteinase) to
smaller peptides and amino acids (Lane and Fox§)L3%eir enzymes are involved in
the conversion of proteins into amino acids andyfatcids from which flavour

compounds are produced (Cogan and Beresford, 2002).

The starter bacteria are members of the genka&tococcus, Lactobacillus,
Streptococcus, Leuconostoand Enterococcus(Cogan and Beresford, 2002). Also,
Streptococcus thermophilus, Lactobacillus delbriesikd Lactobacillus helveticuare

regarded as starter bacteria (Beresford and Wilj&t04). See also table 1.1.

The starters are frozen in volumes (200-1000 literfreeze-dried which can then be
added directly to the cheese milk. Inoculating thigk directly minimizes the risk of
contamination and the aroma formers contributinflaeour development are known to
be present (Cogeet al, 1991).

1.4.2 Growth of starter bacteria during manufacture

Most of the starter cells are concentrated in thwel.cConsequently, there is a higher
concentration of lactose within the curd than ia gurrounding whey. During the first
few hours, acid production will depend on the maiténoculation, the time of renneting

and the rate of cooking the curd (Cogan and Bereés&02).

Rates of acid production in Cheddar cheese isivelatrapid and the pH decreases from
6.6, the initial pH of milk, to pH 6.1, the pH atwh whey is drained about 3h after the
addition of the starter. The more rapid acid préduacresults in a greater rate of whey
expulsion, and consequently of lactose, from thel.cDuring this time, lactate levels in

the curd are increasing (Cogan and Beresford, 2002)
Cooking temperatures are also important in contigplithe growth of the starters.

Mesophilic cultures have optimum temperatures 6£C38nd are used in the manufacture

of Cheddar cheese. But Cheddar cheese is cooké@°t® which will reduce the acid
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production by the mesophilic starter. This cookiegiperature will have no effect on
thermophilic organisms, which may be used as adjonltures (Cogan and Beresford,
2002).

1.4.3 Growth of starter bacteria during ripening

Within 24h from addition of the starter, the numbéstarter cells will have increased to
10° CFU g* (colony forming units per 1 gram) and most of thetose will have been

transformed to lactate (Cogan and Beresford, 2002).
1.4.4 Autolysis of starter bacteria

Autolysis of starter bacteria plays an importarerno proteolysis because intracellular
enzymes, particularly peptidases, are releasedwhiaturther hydrolyse any peptides

which are present. Should the starter reach tob higopulation or survive too long,

flavour defects (bitterness) are produced. Bitteptles are mainly produced from the
hydrophobic regions of the different caseins bynsbgin and starter proteinases. It is
believed that intracellular peptidases releasedutyin autolysis of the starter cells will

hydrolyse the bitter peptides to smaller nonbigteptides and amino acids. Amino acids
are the precursors of the compounds required &wotlr production. Some amino acids
(glycine, alanine) are sweet whereas others (glate)ymay potentiate flavour (Cogan
and Beresford, 2002).

Lysis of lactococci in Cheddar cheese has been dstmated for a large number of
lactococcal strains and muraminidase is the majtolgic enzyme in lactococci. The
extent of autolysis varied between strains and &adirect impact on the degree of
proteolysis in cheese (Beresford and Williams, 2004
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1.4.5 Secondary and adjunct cultures

Adjunct (secondary) cultures may be defined aselamled to cheese for purposes other
than acid production and essentially serve as ditiadal source of enzymes (Fex al,
1998).

Successful NSLAB adjuncts require two importantdess. The first is that the strains
must provide a balance of beneficial ripening reast in cheese. Adjuncts are selected
on the basis of the absence of specific defects.SBtond consideration is that adjuncts
strains need to be competitive against the advemsitNSLAB in the Cheddar cheese and
remain the dominant NSLAB during ripening to afféleeir flavour benefits. In many
cases, this feature is obtained by selecting NSligkates from good quality Cheddar
(Crowet al, 2001).

Studies have shown that lactobacilli, used as atfumcan affect flavour development in
Cheddar cheese. Most researchers report enhanegld & proteolysis and enhanced
flavour intensity. Thus the selection of the adjisteain is crucial, because certain strains
of Lactococcus casgiroduced high-quality Cheddar, while other straihghese species
resulted in cheese with acid and bitter flavouredef (Cogan and Beresford, 2002).
Typically, the inclusion of adjunct strains of ntarser lactobacilli results in improved
flavour intensity, increased aroma and acceleragehing (Beresford and Williams,
2004).

The contribution of NSLAB to the quality of pastsed milk Cheddar is unclear but the
flavour of such cheese can be intensified by addadguncts of mesophilic and
thermophilic lactobacilli. The effectiveness of tlagter may be due to the fact that they
die off rapidly and lyse, releasing intracellulaxzgmes. The use of adjunct lactobacilli,
and perhaps other genera, makes is possible tosifteand alter flavour of Cheddar
cheese (Foet al, 1998).
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The secondary cultures involved include nonstdatetic acid bacteria (NSLAB), which
grow internally in most cheese varieties, bactef&taphylococcus, Micrococcus,
Corynebacteriury) propionic acid bacteria (PAB), yeastBeparyomyces hanse)ii
moulds Penicillum camembeitiand heterofermentative lactobacilli (table 1Nipst of
the secondary cultures grow mainly on the cheeséac They are either (a)
adventitious contaminants or (b) deliberately addgelasts) (Cogan and Beresford,
2002).

The interior of cheese is a rather hostile envirennior the growth of microorganisms: it
has a low pH (~5), a relatively high salt contelndfo) lacks a fermentable carbohydrate,
is anaerobic and may contain bacteriocins produdsd the starter bacteria
(Foxet al., 1998).

Microorganisms other than the starter bacteriacapable of growing in Cheddar cheese
(Lane and Fox, 1996). In the cases of cheeses fmawheraw milk, the main source is

likely to have been the cheese milk. This is alse most likely source in cheeses
manufactured from pasteurised milk, because sonteesh withstand pasteurisation to
some extent; post pasteurisation contamination aisgy occur (Cogan and Beresford,
2002).

NSLAB present in cheese are adventitious microasgas, which originate either from
the factory environment or from the milk or is ubyapresent because of post-
pasteurisation contamination (Lane and Fox, 199€rdfczyket al, 2003). Lactobacilli

are found in cheese in low numbers (<50 CFY at the day of manufacture and become
the dominant microorganisms (1t 1 CFU g of cheesé') in the mature cheese
(Kieronczyket al, 2003). Possible substrate(s) for NSLAB includetdse, citrate, fatty
acids, glycerol, lactate, amino acids, and suganms fglycoproteins (Foet al, 1998). It

is likely that interactions occur between straifisNSLAB and other strains on the
cheese. NSLAB are responsible for transformingdtate to D-lactate during ripening,
but this has no effect on flavour development,daut affect the appearance of the cheese

(Cogan and Beresford, 2002).They do not contritatacid production during cheese
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manufacture, but impact on flavour developmenthia tipening of cheese. NSLAB are
believed to add desirable flavour notes and recdashness and bitterness associated

with some starter cultures in Cheddar cheese.

The presence of NSLAB in commercial cheese is @&ssat with the development of
more intense Cheddar flavour in a shorter time éBferd and Williams, 2004). The
dominant non-starter bacteria in Cheddar cheesefaandtatively heterofermentative
species of lactobacilli (Shakeel-Ur-Rehmanh al, 2000). Heterofermentation is the

fermentation of a sugar to a mixture of reducedipots (Madigaret al, 2003).

1.5 Yeast in the dairy industry

Dairy products offer a special ecological nichet tisaselective for the occurrence and
activity of specific yeasts. Yeasts, however, phayessential role in the preparation of
certain fermented dairy products, ripening of darttheeses and contribute to the final
product (Viljoen, 2001). Yeasts can also cause lageiand produce excessive gas
formation, off-flavours, slime formation or discoddion (Fleet, 1990).

Dairy products develop their nutritional and ordaptic qualities as a result of the
metabolic activity of a succession of different mmrganisms since more than one type
of interaction may occur simultaneously (Verachgert Dawoud, 1990). The yeasts, as
part of the interactions, either contribute to feementation by supporting the starter
cultures (Jakobsen and Narvhus, 1996), inhibitingesired microorganisms causing
quality defects, or adding to the final productrbgans of desirable biochemical changes
such as the production of aromatic compounds, plgite and lipolytic activities
(Viljoen, 2001).

It was shown that yeasts in cheese are considsratsignificant at the earlier stages of

cheese production, but play a significant rolehia kater stages, being present as natural
contaminants in the curd during maturation (Weldragnd Viljoen, 1998; 1999).Yeast
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species also play a synergistic role with the zdtion of lactic acid which leads to an
increase in pH thus favoring the growth of bactana contributing to the ripening and
de-acidification of the cheese (Viljoen and Greglin995; Viljoen, 2001; Ferreira and
Viljoen, 2003).

High numbers of yeasts are frequently observechegeses and are believed to make a
significant contribution to the maturation proce¥®asts possess the ability to grow
under conditions unfavourable to many bacterighieese and therefore play a significant
role in the spoilage of dairy products as well las tipening of some cheese varieties
(Wyder and Puhan, 1999; Viljoen, 2001; Wyder, 200#pwever they are also
responsible for desirable biochemical changes irygaoducts (Viljoen and Greyling,
1995).

Their occurrence may be attributed to the yeadtistyato grow at low temperatures, the
assimilation/fermentation of lactose, the assingfatof organic acids produced by the
lactic acid bacteria such as succinic, lactic aitriccacid, their proteolytic and lipolytic
activities, resistance against high salt conceptrat and resistance to cleaning
compounds and sanitizers. They can inhibit undésirecroorganisms and liberate
growth factors (through autolysis or excretionklig-vitamins, pantothenic acid, niacin,
riboflavin and biotin. Yeasts have the ability tderate low pH and water activity values
(Wyder and Puhan, 1999; Viljoen, 2001; Ferreira &filben, 2003; Laciottiet al,
2005). They are widely dispersed in the dairy emvinents and appear as natural
contaminants in raw milk, air, dairy utensils, feriand smear water (Wyder and Puhan,
1999).

Studies of the addition of certain yeast speciggaasof the starter culture in the cheese
manufacturing processes have been done. Certast gpacies are known for their
proteolitic and lipolytic activity as well as theiompatibility and stimulating action with
the lactic acid starter cultures when co-inoculatdddition of these yeast species
enhanced flavour development and reduced riperimgst during cheese maturation
(Ferreira and Viljoen, 2003).
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Some yeast species associated with CheddarYameowia lipolytica, Debaryomyces
hansenii, Saccharomyces cerevisiae, Torulasporhrdekii, Kluyveromyces marxianus,
Trichosporon beigelliiViljoen and Greyling, 1995; Wyder and Puhan, 1998)s still

not widely appreciated that yeasts can be an impbdomponent of many, if not all,

cheese varieties (Ferreira and Viljoen, 2003).

Debaryomyces hansengénd Yarrowia lipolytica are typical yeast species frequently
associated with dairy productBebaryomyces hanserdind Yarrowia lipolytica have
been regarded as good candidates for ripening aageheese fulfilling specific criteria
to be regarded as co-starters for cheesemakinge(feeland Viljoen, 2003). The two
species fulfill a number of criteria to be regar@edco-starters for cheesemaking. They
are known for their proteolytic and lipolytic adti as well as their compatibility and
stimulating action with the lactic acid startertovés when co-inoculated. Recent studies
indicated that yeasts could be included as pastaster cultures for the manufacturing of
cheese, enhancing flavour development during theunai#on (Ferreira and Viljoen,
2003; de Witetal., 2005).

The inclusion oDebaryomyces hanseras part of the starter culture was shown to have
a dual role by inhibiting undesired microorganisarsd also its proteolytic activity
encouraging the survival and growth of LAB (de Wital., 2005).When both species
were incorporated as part of the starter cultire cheese had a good strong flavour after
a ripening period of four months. The cheese hatean, slightly sweet, pleasant taste
and still retained its good, strong flavour afterenmonths (Ferreira and Viljoen, 2003).
Ferreira and Viljoen, (2003) concluded th@tebaryomyces hansenand Yarrowia
lipolytica grew and competed with other naturally occurringsye in the cheese and with
the starter bacteria without any inhibition of tl&arter culture. The species also
contributed to the accelerated development of angtiCheddar flavour, although bitter
and fruity flavours were detected when the yeastsewnoculated individually. When
both species were incorporated as part of theestaniture, the cheese had a good strong
flavour after a ripening period of four months, aafter nine months retained its good,

strong flavour. The control cheese developed arb#hd impure taste after nine months.
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Thus it is proposed thabebaryomyces hansenand Yarrowia lipolytica are both
incorporated as part of the starter culture forghedluction of mature Cheddar cheese (de
Wit et al., 2005).

1.6 Proteolysis in cheese

Proteolysis contributes to the development of obdegture through hydrolysis of the
protein matrix of cheese, a decrease,jrttmough changes to water binding by the new
carboxylic and amino groups liberated on hydrolyfipeptide bonds and these groups
are ionized at the pH of the cheese and thus batdrwFlavour and off-flavour of cheese
also develops through proteolysis by directly prdg short peptides and amino acids
and indirectly liberating amino acids which act sagstrates for a range of catabolic

reactions which generate important volatile flavoompounds (Upadhyast al,, 2004).

1.6.1 Proteins in milk

About 80% of the milk proteins consist of caseifinost all casein is present as casein
micelles (de Witt al, 2005). See also section 102;-CN is hydrolyzed by chymosin at
Phes - Phes which results in the production of a small pept{de;-CN f1-23) that is
rapidly hydrolyzed by starter proteinases (McSweger#04a).y-Caseins have been
known to correspond to C-terminal portionspeéasein sequence. These are formed by
cleavage off-casein at positions 28/29, 105/106 and 107/10&hkbyenzyme plasmin.
The fragments 29-209, 106-209 and 108-209 constithe y-caseins (Walstra and
Jenness, 1984).

1.6.2 Proteolytic agents in cheese
Proteolysis in cheese during ripening is catalysednzymes from:
a) Coagulant (chymosin, pepsin of fungal acid prote#a

b) Milk indigenous proteinases (plasmin)

c) Starter bacteria
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d) Nonstarter, adventitious microorganisms

e) Secondary inoculum (in some Vvarieties), eRgnicilium (P.) roqueforti, P.
camemberti, Brevibacterium (Br.) lines, Lactobalspp. (a recent development
in Cheddar)

f) Exogenous proteinases and/ or peptidases or ateehbacterial cells have been
investigated recently as a means of acceleratpgnimg or accentuating flavour
(Fox and McSweeney, 1996; Upadhytyal, 2004).

The progress of proteolysis in most ripened cheesede summarized as follows: initial
hydrolysis of caseins is catalyzed primarily byidaal coagulant, and to a lesser extent,
by plasmin and perhaps cathepsin D and other somiti proteinases. This result in the
formation of large and intermediate-sized peptidbgh are then subsequently degraded
by the coagulant and enzymes from the starter andtarter lactic acid bacteria. Small
peptides and free amino acids are produced frona¢tien of bacterial proteinases and

peptidases (Fox and McSweeney, 1996).

1.6.3 Proteolysis during ripening

Proteolysis is the most important event and thetrnomplex (Cogan and Beresford,
2002; de Witet al, 2005). Proteolysis is very important for chetesgure by hydrolysing
the para-casein matrix which gives cheese its structure laypdncreasing the water-
binding capacity of the curd (i.e. to the new— carboxylic anda — amino groups
produced on cleavage of peptide bonds). Howevernrthjor role of proteolysis in cheese
flavour is in the production of amino acids whicht @as precursors for a range of
catabolic reactions which produce many importantatle flavour compounds
(McSweeney, 2004a). A high correlation exists betwthe intensity of Cheddar cheese
flavour and the concentration of free amino acigsx( 1989). Due to features such as
high proteolitic and lipolytic activities, some yapecies play an important role in the
formation of aroma precursors such as amino aédty, acids and esters (Ferreira and
Viljoen, 2003).
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The principal amino acids in Cheddar cheese are 3u, Arg, Lys, Phe, and Ser.
Medium and small peptides contribute to a brothgkgeound flavour in many cheese
varieties; short, hydrophobic peptides are bit#®mino acids contribute directly to
cheese flavour as some amino acids taste sweetGh.gSer, Thr, Ala, Pro), sour (e.g.
His, Glu, Asp), or bitter (e.g. Arg, Met, Val, LeBhe) (McSweeney, 2004a).

1.7 Action of the principal proteinases during chege ripening

The rate, extent and nature of proteolysis duringese ripening as well as the amount
and nature of the degradation products, vary agogrid the enzyme involved, the type
of cheese and the environmental conditions of figenPrimary proteolysis in cheese
may be defined as the degradation of various iddai proteins that constitute the
cheese matrix, that is, the change$-ny-, a-caseins, peptides and other minor bands
that can be detected by polyacrylamide gel elebwogsis (PAGE) (Grappiet al,
1985).

1.7.1 Chymosin/Rennet

Chymosin has been used as the milk-clotting enzfonehe industrial production of
cheese (Crabbe, 2004). Chymosin, the principle rezysed to coagulate milk, initially
hydrolyses the Phg;Met;os bond ofk-CN, which results in the release of the negatively
charged C-terminal (CMP) fragment, thereby initigticoagulation of milk (Sheehaat
al., 2006).

Rennet specifically hydrolyses the RdeMetios bond of thex-casein. Thex si-, a s>
and p—caseins are not hydrolysed during milk coagulatieh may be hydrolysed in
cheese during ripening (section 1.6.1). Most of thienet added to the cheesemilk is
removed in the whey, but more or less 6% is rethinghe curd and plays a major role in
the initial proteolysis of caseins in many cheeseeties (Foxet al, 2004).
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The coagulant contributes indirectly to the develept of Cheddar cheese flavour by
producing large- and medium sized peptides whiaghaacsubstrates for starter (and
possibly non starter) proteinases and peptidaséshvgmoduce small peptides and free
amino acids from these substrates. The liberatadaaatids may contribute directly to
flavour or serve as precursors of flavour compourid®e coagulant may also produce
bitter peptidegLaneet al., 1997).

Chymosin is most stable at pH values between 5d36aB Under acidic conditions (pH
3-4), the enzyme loses its activity rapidly, prdigabaused by auto-degradation. The
solubility of chymosin is affected by pH, temperatand ionic strength of the solution
(Crabbe, 2004).

1.7.2 Indigenous milk proteinases (Plasmin)

Plasmin (PL) contributes to proteolysis during nipg of some cheese varieties
depending on cooking temperature and pH duringhiige The enzyme is heat resistant
and survives UHT treatments (Bastian and Brown 6198cSweeney, 2004b). Plasmin
could be a valuable enzyme for accelerated ripeamjimproved flavour development
in natural cheeses. Excessive hydrolysis of cagesdts in reduced rennet curd-forming
properties of milk, smaller micelles and increasadace activity of casein at air-water
interfaces (Bastian and Brown, 1996). The presefgasminogen and plasmin in milk

greatly influence milk quality and cheese ripeniBgnfeldtet al, 1995).

Plasmin may significantly affect cheese making props of milk, especially in terms of
cheese ripening. It has also been reported thatased proteolysis due to increased
plasmin activity in cheese results in improved dlav and overall quality (Somers and
Kelly, 2002).

Plasmin exists in milk in inactive and active forn®th of which are associated with

casein micelles. Plasminogen activators are alsocaged with the casein micelles in

milk and activate the zymogen (Bastian and Brow896). In cheeses cooked at high

-34 -



temperatures (>50°C), plasmin plays an importaletas chymosin is inactivated in these
cheeses (Cogan and Beresford, 20@2smin is produced from its inactive zymogen,
plasminogen, and its conversion to its active fesnmediated by a complex system of
urokinase-type (uUPA) and tissue- type (tPA) plasgen activators (PA) (Dalgleish,
1993; McSweeney, 2004a).

Plasmin is associated with the casein micelles ik (Crudden and Kelly, 2003). It
hydrolysesus;-casein and, to a lesser extegtcasein ang-casein (Politiet al, 1993;
McSweeney, 2004b). Several studies have showrktheasein is resistant to hydrolysis
by plasmin (Richardson and Pearce, 1981; BastidrBaown, 1996; Egitet al, 2003).

The enzyme has an affinity for lysine and arginiesidues and preferentially cleaves
Lys-X and to a lesser extent Arg-X bonds. Plasmunifigd from milk has optimum
activity at pH 7.5 and 3T (Bastian and Brown, 1996; McSweeney, 2004b). § lzee
three plasmin-sensitive bonds frcasein; Ly& — Ly’ Lys'® — His®®  Lys% —
Glu'®. When plasmin hydrolyses these bonds, the follgwiaptides are releaseq; —
caseins{-CN f29-209),y,— caseins (f 106-209);— (f 108-209), proteose peptone 8-fast
(f 1-28), proteose peptone 8-slow (f 29-105 andl@®} (Bastian and Brown, 1996).
Plasmin also rapidly cleaves— casein and, more slowlys;— casein (Barretet al,
1999).

Addition of urokinase to cheese milk effectivelgieases plasmin activity by conversion
of the inactive precursor plasminogen, to plasrRliasminogen activation occurs during
curd manufacture and in the first 24 hours of cheegening leading to accelerated
proteolysis in Cheddar cheese (Barmttal, 1999). Urokinase is a serine proteinase
composed of two disulphide-linked subunits, whitdages plasminogen at two sites to
produce active plasmin (Barredt al, 1999). Since plasmin associates with the casein
micelles, most exogenous plasmin added to milketaimed in the curd (McSweeney,
2004a). For a schematic representation of the praemzyme system in milk, refer to
fig. 1.2.
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Plasminogen Activators (5) g Plasminogen Activators (s)

Plasminogen e Plasinin -~ Plasmin Inhibitors (s)

Casein - Degraded Casein

Fig.1.2 Schematic representation of the plasmin enzyme systetn i roll
(Bastian and Brown, 1996).

1.8 Aroma, flavour and texture of Cheddar cheese

The sensory perception of a food is a very imparfaoduct characteristic. Sensory
perception is a complex process, which is influenog factors such as content of flavour
compounds, the texture, and appearance of the gidolut also several characteristics of
the individual consuming the product in a certanvieonment. Flavour (perception) is
defined as the sensation arising from the integmatir interplay of signals produced as a
consequence of sensing chemical substances by, sas# and irritation stimuli from
food or beverage (Laing and Jinks, 1996). In theitmanly basic differences like sweet,
umami (a Japanese word meaning delicious) acitgrpgalt are sensed by taste-receptor
cells, while in the nose different neurons are aldlerespond to different volatile
compounds (Laing and Jinks, 1996; Ninomiya, 2002he objective of cheese
manufacture is to produce a product with the flayanoma and texture of the intended
variety, free of defects and in the shortest tinossible (Fox, 1993). Flavour is the

complex sensation that includes taste, aroma atdréee(Walstra and Jenness, 1984).

The flavour of cheese originates from microbial, zynatic and chemical
transformations. The breakdown of milk proteing, factose and citrate during ripening
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gives rise to a series of volatile and non-volatitenpounds which may contribute to
cheese flavour. Proteolysis, by enzymes from nr#lgnet and microorganisms, is a
major biochemical event. Other factors, such aslygs and lactose fermentation, also
play an important role (Enge¢tal., 1997).

At this stage it is sufficient to note that freeiamacids such as cysteine, methionine,
isoleucine, valine and phenylalanine are interntedian flavour and aroma production in
cheese, and other amino acids such as prolinelatairgc acid influence cheese flavour

profiles directly (Law, 2001).

Development of strategies for flavour control andnipulation in hard ripened cheeses
have become increasingly important in recent yesssproducers strive to satisfy
consumer demands for consistent quality cheeseshwiaive distinctive flavour profiles.
Reducing extensive maturation periods provide &urtbhallenges to the technologist
(Bankset al, 2001).

1.8.1 Texture of Cheddar cheese

The texture of cheese is determined initially bg tomposition of the cheese milk,
especially by the fat:casein ratio, by the manufiécy operations which control the
extent of syneresis and hence the moisture cordgérthe cheese, and the rate of
acidification which controls the extent of demideation of the curd and which in turn
has a major influence on the textural parametetBetheese (Fox, 1993). The texture of
the cheese changes during ripening due to protsplitsee decrease inyadue to the
liberation of water-binding ionic groups, redistriton of salt, and, in many cases,
evaporation of water and to changes in pH due tteptysis and catabolism of lactic
acid (Lawrencest al, 1987).

Undoubtedly, cheese aroma and flavour are influgnlog cheese texture, e.g. by

consumer perception and release of sapid and amomahpounds from the cheese mass
during mastication (McGugaet al, 1979).
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1.8.2 Flavour compounds of Cheddar cheese

Lipolysis results in the formation of FFA (free tiatacids), which can be precursors of
flavour compounds such as methylketones, alcolraldactones. FFA are constituents of
Cheddar cheese flavour. Milk fat seems to be esddantthe development of Cheddar
flavour. The background flavour is caused mainlyg®ptides, amino acids and other
products of protein breakdown, whereas hydrogephsiu¢, methanethiol (essential to
Cheddar cheese aroma), dimethyl sulfide and dibeetyfound in the volatile fraction.
Volatile acids appear not to contribute to the apbut they may affect the taste of the
cheese. A good Cheddar cheese flavour seems teldied to the balance between the
FFA and the sulfur compounds (Walstra and Jeni€sgl).

Fatty acids seem to contribute a great deal toflneur of Cheddar cheese. Low
concentrations of fatty acids in cheese indicatgoang cheese, one that has not
undergone much ripening. At very high concentrajdatty acids are perceived as off
flavours. Yet, when existing at just the right Isyefatty acids contribute to the well

balanced, full flavour that is associated with Gtedcheese (House and Acree, 2002).

In internally bacterially ripened cheese such asddhar, there appears to be agreement
that the water-insoluble nitrogen (WISN) fractiotoiisisting mainly of proteins and
large peptides) is devoid of flavour and aromat tha water-soluble nitrogen (WSN),
non-volatile fraction (small peptides, amino acidsganic acids) contains most of the
compounds responsible for flavour while the aromprincipally in the volatile fraction.
There appears to be strong support for the view phaducts of proteolysis are the

principal contributors to cheese flavour (McGugaml, 1979; Fox, 1993).

Non-volatile WSN fractions contribute to the essadriiackground flavour, while volatile
components contribute to more characteristic “cyiegsalities. As already discussed
above, various proteinases and peptidases in cliseselyze caseins to peptides and
free amino acids. Small peptides and free aminalsaciontribute directly to the
background flavour of cheese (McGugsral, 1979).
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1.9 Catabolism of amino acids

Amino acids are the precursors of various volatEmpounds, which have been
identified in cheese (Urbach, 1995; Engetsal, 1997). Catabolism of amino acids
results in the formation of numerous compounds ftiie@y be involved in cheese flavour.
Degradative  mechanisms potentially include deananat decarboxylation,
desulphuration, oxidation and reduction reactiesulting in the formation of amines,
aldehydes, alcohols, indoles, acids, phenolic aghsr-containing moieties (Hanseh
al., 2001; Williamsetal., 2001).

Glutamate dehydrogenase (GDH) activity appearsta key activity in the amino acid
catabolism by lactic acid bacteria (LAB) since rogucesa-ketoglutarate, which is
essential for amino acid transaminations (Kierokoztyal, 2003; McSweeney, 2004a).
Lactic acid bacteria (LAB) have the enzyme poténtiatransform amino acids into
aroma compounds that contribute to cheese flavAmino acid conversion by LAB
needsi-ketoglutarate since thisketoacid is essential for the first step of thewarsion.
The presence of glutamate dehydrogenase (GDH)itgatequired for the conversion of
glutamate tan-ketoglutarate is reported to be present in LARiss commonly used in
cheese manufacturing. The ability of LAB to prodwrema compounds from amino
acids is closely related to their GDH activity (bas et al, 2002). Keto acids are the
nitrogen-free analogs of amino acids, and are érangated to form the respective amino
acid in the body (Odmaet al, 2004).

Amino acid transamination is catalysed by aminafarases which transfer the amino
group of an amino acid to anketoacid,a-ketoglutarate being the-ketoacid acceptor in
LAB. The a-ketoacid acceptor is thus transformed into theesmonding amino acid

while the amino acid is deaminated to the corredpmu-ketoacid (Tanoust al, 2002).
The amino group of glutamate can be transferrednémy o-keto acids in reactions

catalyzed by enzymes known as transaminases oroaamsferases. In amino acid

biosynthesis, the amino group of glutamate is feansd to variouso-keto acids,
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generating the correspondingamino acids. Most of the common amino acids can be
formed by transamination. In amino acid catabolistapsamination reactions generate
glutamate or aspartate fromketoglutarate (Hortoret al, 2002). The transamination

reaction is also shown in fig. 1.3.

This was demonstrated in mesophilic lactobacillichsuas Lactobacillus casei,
Lactobacillus plantarumin thermophilic LAB such aStreptococcus thermophilughe
a-ketoacids are then degraded in one or two additisteps into the different aroma
compounds, which are aldehydes, alcohols, carbomxadids and sulphur compounds.
Addition of a-ketoglutarate to Cheddar cheese increased theaaiotansity, aroma
creamy aroma and fruity aroma (Tanaetsal, 2002). Many of these compounds are
odour-active and contribute to the overall flavadirthe dairy product (de Wigt al,
2005).

It was postulated that the rate limiting factorflavour biogenesis was not the release of
free amino acids but their subsequent conversi@rdma compounds. The transaminase
acceptoro-ketoglutarate was suggested as the first ratditighfactor in the degradation
of amino acids. Addition of the transaminase aamepketoglutarate to Cheddar cheese
has been shown to enhance amino acid cataboligirthararoma intensity of a 24 week
old Cheddar has been reproduced in a 12 week oddd@n (Bank®t al, 2001). Banks

et al (2001) supplemented Cheddar cheese curd avitbtoglutarate and found better

flavour development than in untreated control chees
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Fig.1.3 Summary of proteolysis and armuno acid catabolism m cheese dunng ripening

(McSweeney, 2004a).

GDHs are ubiquitous enzymes that catalyze the séer oxidative deamination of
glutamate tai-ketoglutarate and ammonium, utilizing NAINADP' or both as cofactor.

It is believed that GDH-NAD s involved in glutamate catabolism, and GDH-NADP
has a role in glutamate biosynthesis.

Selecting LAB strains with high GDH activity astarser or as an adjunct appears to be a
specific way to intensify aroma formation in sonmeeses (Tanowet al, 2002).

1.9.1 Cheese flavour formation by amino acid caliasbo
The balance between the formation of peptides lagid $ubsequent degradation into free

amino acids is very important, since accumulatibpeptides might lead to a bitter off-
flavour in cheese (Stadhouatsal, 1983; Smiket al, 1998).
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The ability of cultures to degrade bitter tastirgppdes is dependent on the strain used as
well as the growth conditions. Following proteolysihe free amino acids can be
converted into volatile flavour components throdigé action of amino-acid-converting-
enzymes (AACEs). Depending on the enzymes presetita cultures used, different
flavours can be obtained (Smeital, 2000).

Enzymes of mesophilic starter lactococci are prgbaivolved in the conversion of
amino acids to aroma compounds (Engels and Vid€96). Much attention has been
paid to the use of (adjunct) starter cultures whiciuld enhance the ripening and flavour
formation in cheese, especially the use of thernlicpbAB as adjunct starters to the
mesophilic starters. In cheese-types such as Gandl&heddar, proteolysis of caseins is
essential for sufficient flavour formation. This pties that the amino acids liberated
during proteolysis and peptidolysis (phase onetamdof cheese ripening) are converted
into volatile flavour compounds during the so-caltbird phase of ripening (Snet al,
2000).

Amino acids are the precursors of various volatmpounds, which have been
identified in cheese (Urbach, 1995; Engetisal, 1997).They can be converted in many
different ways by enzymes such as deaminases, legdases, transaminases
(aminotransferases) and lyases. Transaminatiomofaaacids results in the formation of
a-keto acids that can be converted into aldehydeddoarboxylation and, subsequently,
into alcohols or carboxylic acids by dehydrogematiMany of these compounds are
odour-active and contribute to the overall flavadrthe dairy product (Hansegt al,
2001). Amino acid conversion to aroma compoundsgeds by two different pathways.
The first one is initiated by elimination reactioretalyzed by amino acid lyases, which
cleave the side chain of amino aids. This pathwasy/lleen observed for aromatic amino
acids (ArAAs) and methionine and leads by a singlep to phenol, indol and
methanethiol, respectively. The second pathway gjoesigha-keto acid intermediates
initiated by a transamination reaction catalyzed amginotransferases and has been
observed for ArAAs, branched chain amino acids (Bspand methionine. The resulting
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a-keto acids are then degraded to aldehydes, akkotaiboxylic acids, hydroxy acids or
methanethiol for methionine via one or two addisibsteps (Yvon and Rijnen, 2001).

1.10 Accelerated ripening

1.10.1 Encapsulated enzymes

When the objective of cheese production was prignahe conservation of milk
constituents, then the more stable the product, the less change, the better. While
storage stability is still important, it is no largthe primary objective of cheese
manufacture, a consistently high quality being thget. Since ripening is expensive,
acceleration of ripening, especially of low-moigtuslow ripening varieties, is desirable,
provided that the proper balance can be maintgiRexlet al, 1996.)

A period of ripening is required for flavour devptoent in most cheese types and can
extend up to 1-2 years for some hard cheese \emiedttempts to shorten the ripening
time using a range of ripening systems have haginadegrees of success. Approaches
which have been used include the addition of exogerenzymes or cheese slurries to
the curd, use of modified or novel starters ortstaadjunct cultures and elevated

ripening temperaturg€ogan and Beresford, 2002).

Since the characteristic aroma, flavour and textiira cheese is the result of the action
of numerous enzymes, the use of a single enzymecdelerate ripening is likely to
disturb the flavour component equilibrium and catlssour defects. Crude cell-free
extracts prepared from bacteria, yeasts or molds haen extensively studied. Blends of
protease/peptidase, protease/lipase or proteasielpsglipase have also been evaluated
to accelerate maturation of several types of cleeeseof these studies were carried out
using free proteolytic and lipolytic enzymes addedheese milk, which may adversely
affect flavour and textural criteria of the reswdti cheese by prematurely attacking
substrates in addition to contaminating cheese whée use of microencapsulated
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enzymes has been proposed to regulate enzymeatelbstactions and thereby avoid the

drawbacks of free enzymes (Kheadial, 2003).

In 1978 only commercially available “off the shelfSod-grade proteinase and lipase
enzymes had been added to cheese to try to malerit more quickly. These enzymes
certainly made the cheese stronger, but their flaxmecame unbalanced, with a high
incidence of bitterness, “meaty notes” and lipa@ytiancidity. Also, the cheeses
containing proteinases had poor texture, due taadbeapid and excessive breakdown of

caseins (Law, 2001).

Proteinases added to break down casein in cheeseaded only in very small amounts
because, like all enzymes, they are catalysts,aasthall quantity will convert a large
amount of substrate. Ripening proteases also quickinove soluble peptides from
caseins. These peptides are lost into the whey wieenheese curd is separated, causing
unacceptable losses to cheese yield. Also, thg bagbkdown of caseins disrupts their
orderly structure, prevents proper gel formatiomd aenders the curds soft and
unworkable in the later stages of curd acidificatiprior to salting and pressing into
cheese. Add to these problems the loss of addaaeszinto the whey and it is clear that
addition of proteinases directly to the milk is aotoption (Law, 2001).

Mammalian serine proteinases patrticipate in phggichl processes, some of the best
known are digestion and blood clotting. Chymotrgpsisubtilisin- and trypsin like
proteinases are a diverse family of enzymes appgain animals, bacteria (like
Streptomyces fradiaand Bacillus TA39) and viruses (Katolet al., 1995; Lesk and
Fordham, 1996; Narinet al, 2003). Plasmin it self is a trypsin-like seripeteinase

originating in blood (McSweeney, 2004b)

Enzyme microencapsulation is the obvious solutiorthe above problem, to protect
caseins in the milk and ensure their physical @ntient in the curd gel matrix. Options
include fat, starch or gelatine capsules, but nohéhese has a satisfactory “release”

mechanism in cheese (Law, 2001). Enzyme microcapsphysically separate the
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enzyme from the substrate in the curd and the eazgronly released into the curd upon

capsule breakdown during ripening (Kailasapathylzand, 2005).

Several attempts have been made to reduce thangpperiod by addition of enzymes

some of which have been reported to halve the nomaduration period of cheese.

Direct addition of enzymes to the cheese milk watssaccessful due to loss of enzymes
in the whey, poor enzyme distribution, reduced dyiglnd poor quality cheese.

Incorporation of encapsulated enzyme eliminated grablems associated with direct

enzyme addition. Enzyme microcapsules physicallpasge the enzyme from the

substrate in the curd and the enzyme is only retedsiring ripening (Kailasapathy and

Lam 2005).

1.10.2 Adjuncts

Adjuncts are microorganisms that do not producd,and are only used as an additional
source of proteolytic enzymes. They can act asuwiceoof encapsulated enzymes to
ensure the controlled release of enzymes. Gradledse of enzymes ensures that good

flavour compounds are formed and bitter peptidenfdion is minimised.

For this study, it is suggested that the yeastddlémselves serve to be a source of
encapsulated enzymes. The yeasts contain intr&gelenzymes which are slowly

released during autolysis into Cheddar cheese gluipening. This should ensure that
the enzymes do not degrade the casein proteing@dly and cause defects in the

Cheddar cheese and it may even play a favorat®dndhe ripening of the cheese.

A comparative study between a standard Cheddayeast-inoculated Cheddar cheeses
was done sensorically and chemically (de ®&ial, 2005).Debaryomyces hanserand
Yarrowia lipolytica contributed to the accelerated development of angtrCheddar
flavour, but bitter and fruity flavours developednen the yeasts were inoculated
individually (de Witet al, 2005; Ferreira and Viljoen, 2003). At six monthe cheese

inoculated with both yeast cultures had a matuesiet that was described as being
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comparable to an eight month old commercial Chedtaese. At nine months only the
cheese inoculated with both yeast cultur@®sbaryomyces hanseni+ Yarrowia
lipolytica, showed the best potential to ripen to a matured@ar while cheeses
inoculated with individual yeasts developed offvflars and bitter tastes (de V¥t al.,

2005). This difference was ascribed to differerindsydrolysis and FAA formation.

A general increase in TFFA (total free fatty acidshtent was observed during ripening
at 150 days in the chee®ebaryomyces hansenti Yarrowia lipolytica Butyric acid
(Cs.0), responsible for rancidity when present in higim@entrations, was not detected.
Although TFFA may be responsible, in part, for &dreCheddar flavour (de Wet al.,

2005), high concentrations were not detected isdloheeses.

Biochemical explanations of proteolytic methods thge inoculated yeasts were not
provided in the study of de W&t al 2005, and would form the basis of the current study

1.11 Aim

Most studies of yeasts in cheese were carried mmauld-ripened cheeses (cheeses that
contain moulds as a feature of the production E®cdn hard types of cheese (Cheddar
cheese) only the microbial ecology has been studiedwitet al (2005), Ferreiraand
Viljoen (2003) were the only ones to use yeasts to acceleratiagipening times of

Cheddar cheese and explain the chemical change®tikeplace.
The aim of this project is to:
* Investigate whether yeasts of dairy origin may pesactivity of GDH, PG
activation and PL

* Investigate whether accelerated ripening of yeastulated Cheddar cheese is
due to GDH-, PG activation- and PL activity.
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This will be carried out by:

Screening yeasts of dairy origin for GDH -, PG- &tdactivity
Selecting yeasts with GDH-, PG — and PL activityadgincts
Manufacture yeast inoculated Cheddar cheeses
Determine effect of the yeast adjuncts on the ahbgs

= chemical monitoring

= sensory analysis
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Chapter 2

SCREENING OF DAIRY ASSOCIATED YEASTS FOR PROTEASE-,
PLASMINOGEN ACTIVATION-, PLASMIN- AND GLUTAMATE
DEHYDROGENASE ACTIVITY

2.1 Introduction

Proteolysis in cheese during ripening plays a vibée in the development of texture as
well as flavour. Proteolysis contributes to textuslaanges of the cheese matrix, due to
breakdown of the protein network, decrease jnttaough water binding by liberated
carboxyl and amino groups and increase in pH, wifédilitates the release of sapid
compounds during mastication. It contributes dlyetd flavour and to off-flavour (e.g.
bitterness) of cheese through the formation ofigeptand free amino acids as well as
liberation of substrates (amino acids) for secoydaratabolic changes, i.e.
transamination, deamination, decarboxylation, desudation, catabolism of aromatic

amino acids and reactions of amino acids with otbbenpounds (Souss al, 2001).

Proteolysis appears to be rate-limiting in the matan of most cheese varieties and
hence has been the focus of most research on¢k&eation of ripening. Acceleration of
ripening is most pertinent for low-moisture, sloweaning varieties and most published
work has been on Cheddar cheese (&, 1996).

During ripening, proteolysis in cheese is catalybgdenzymes from (i) coagulant (e.g.
chymosin, pepsin, microbial or plant acid proteegs (ii)) milk (plasmin and perhaps
cathepsin D and other somatic cell proteinaseg)efizymes from the starter, (iv) non-
starter or (v) secondary cultures (elgropionibacteriumsp.) and (vi) exogenous
proteinases or peptidases, or both, used to aateleipening (Fig 1.3)The initial
hydrolysis of caseins is caused by the coagulamtt@am lesser extent by plasmin, which
results in the formation of large (water-insolubded intermediate-sized (water-soluble)

peptides which are degraded by the coagulant amymess from the starter and non-
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starter lactic acid bacteria of the cheese. Thal finoducts of proteolysis are free amino
acids (Sousat al, 2001).

Plasmin (PL) is an alkaline serine proteinase, twhitas similar activity and
characteristics to trypsin. PL enters the milk frtma blood via the mammary cell wall
lining, where it associates mainly with the cadeaction of the milk (Politiet al, 1993;
McSweeny, 2004 b; Chaet al, 2006). PL is very heat stable and can survivat he
treatment of dairy foods, such as high-temperasht time (HTST) pasteurisation and
ultra high temperature (UHT) treatment. Like PL, A& heat-stable under HTST
pasteurisation conditions (72°C for 15s) and locsggroximately 10% activity under
these conditions (Cheit al.,2006).

Amino acid catabolism is a major process for flavimrmation in cheese. Amino acid
transamination is catalysed by aminotransferaseéshwtonvert an amino acid to the
correspondingi-ketoacid (and in turn transfer the amino groughef amino acid to an
acceptor molecule, usuallyketoglutarate, producing a new amino acid, usugliyamic
acid) (Tanougtal.,2002; Mcsweeney, 2004b).

The aim of the work in this chapter is to screeiydassociated yeast species for PG
activation- , PL- and GDH enzyme activities. Certgeast species will then be chosen,
according to the screening results obtained, tmdeulated into model Cheddar cheeses.
2.2 Materials and Methods

Twelve yeasts cultures from the UFS cultivar cditec that were isolated from dairy

sources (table 2.1) were included in the study sufgjected to screening for proteases,

PL-activation and GDH activity.
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Table 2.1Yeast cultures selected for this study

Yeast species Culture ref. number 1 Culture ref. number 2
Debaryomyces hansenii UOFS y-0610 CSIR y-953
Yarrowia lipolytica UOFS y-1138 CBS 599
Saccharomyces cerevisiae UOFS y-2169 NT OBS 1171 NT
Rhodotorula glutinis UOFS y-0519 CBS 20
Candida intermedia UOFS y-2166 CBS 7153

Rhodotorula mucilaginosa UOFS y-0478 CBS 316
Rhodotorula minuta UOFS y-0835 CSIR y-105
Candida rugosa UOFS y-0537 CSIR y-295

Torulaspora delbrueckii UOFS y-137 CBS 133
Candida zeylanoides UOFS y-1295 T CBS 6519 T
Candida sake UOFS y-1056 CSIR y-489
Dekkera bruxellensis UOFS y-0937 CSIR y-506

2.2.1 Yeast cultivation

Yeast cultures were plated out (in duplicate) ofrip#shes containing YM agar and
incubated at 25°C for three days. Yeast extract-medract (YM) broth (200ml) was
made up in 250ml Erlenmeyer flasks and autoclawed?0 min at 120°C. The flasks
were then inoculated with the yeast species inmaniar flow cabinet and incubated at
25°C for 24h and 48h. At 24 hours cells shouldrbthe exponential growth phase while
cells at 48 hours should be in the stationary dyekeath phase. At 48 hours cells should
have autolysed and proteins or enzymes be released.

2.2.2 Lysis of yeasts

Yeast lysis was attempted by several methods. 8atidh and mechanical breaking with

glass beads were not satisfactory, and will theeefwot be reported. Osmotic shock
proved to be the best lysis method. Yeast cellewentrifuged at 6000 rpm for 7 min in

an EBA 12, Hettich centrifuge. Discarding the smagant, a saturated NaCl solution was
added to the yeast cells and left for 30 min. Takksowvere centrifuged again and the
supernatant (containing the NacCl) discarded. Dastilvater was added, and left for 30
min. The osmotic shock caused the yeast cells ge, Iwhich was confirmetly light

microscopy.
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2.2.3 Protein determination

The intracellular protein content of lysed yeastswetermined by the method of Smith
et al, (1985) by using bicinchoninic acid (BCA) which waspplied by Pierce
Biotechnology. A purple reaction product is formmdthe interaction of two molecules
of BCA with one Cd" ion. The reaction product is water soluble and lsikhistrong
absorbance at 562nm. Protein standards were ptepaite bovine serum albumin
(BSA), using 1mg mt BSA ampules and adding 1ml of distilled water tokena stock
solution of 200pg mi. From there dilutions were made (in duplicatejn@ke 40, 20, 10,
5, 2.5, 1 and 0.5pg fhisolutions.

A working reagent (50ml) was also prepared by agiddml of reagent A (sodium

carbonate, sodium bicarbonate and sodium tartra®2 N NaOH), 24ml of reagent B

(bicinchoninic acid, 4.0%, in water) and 1ml reagér(4.0% cupric sulfate, pentahydrate
in water) in the ratio 25:24:1, reagent A:B:C.

Working reagent (1ml) was added to 1ml protein sofu (in test tubes) which was
vortexed and incubated in a waterbath at 60°C @mif to allow colour development.
After 60min the tubes were cooled to room tempeeatind the absorbance measured at
562nm. A standard curve was prepared with the B@Aem standards and was used to

determine the protein concentration of the unknpwvatein samples (fig. 2.1).

2.2.4 Determination of enzyme activities in yeasts

2.2.4.1 Determination of protease activity

Different substrates selected to specifically detadbitilisin, trypsin or chymotrypsin
activity (each 2mM) were used in this assay (t&b®. Only 2%l of the substratand
15Qul of Tris buffer was usedn all of the wells together with 1% of yeast growth

supernatant, or 15 of broken yeast cells. The blanks only contaidedilled water and

yeast media without substrate. Tests were don@4dnour old yeast cultures. This test
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method was based upon the method of Feder and ISqi930). This assay was
employed to determine whether proteases are prddugehe yeasts and which type of

protease.

Table 2.2Substrates for protease assay

Substrate Enzyme
N-Cbz-Gly-Gly-Leup-nitroanilide Subtilisin
L-Leu- p-nitroanilide Subtilisin
N-Benzoyl-L-Tyr-p-nitroanilide Chymotrypsin
N-Succinyl-Ala-Ala-Pro-Phep-nitroanilide Chymotrypsin
N-Benzoyl-DL-Arg-nitroanilide Trypsin

2.2.4.2 Determination of plasminogen activationd giasmin activity

A 2-step reaction involving the activation of PGRb by uPA (urokinase plasminogen
activator), coupled simultaneously with hydrolysi6 SpecPL (Spectrozyme PL) as
substrate by the resulting PL, was used to assagd®ity. 24h old yeast cultures were
used. For the control reaction, 2®f SpecPL (3.2mM) was reacted with|2PA (1.5
IU/ml), 25ul PG (0.032mg/ml) and 26 modified Tris buffer (0.05M Tris, 0.1M NacCl,
0.01% Tween 80; pH 7.6) Modified Tris buffer waslad to achieve a total volume of
100ul (Rippel et al, 2004). Yeast media and yeast media supernatard wsed as
controls for analysis of extracellular proteasevagtand distilled water for intracellular
activity. The assays were carried out in 96-weltnaiiter plates (Costar) that were
incubated at 37°C for 60 min. For the standard eucencentrations of PG ranging from
0 - 254l were used and it was plotted against the dekardance (405-492 nm).

Plates were measured for absorbance at 405, 48485 — 490) nm on an ELISA plate
reader (Labsystems iIEMS Reader MH)e (405 — 490) nm measurement is a calculated
value, whereby the plate reader repeats its measmts at both wavelengths and gives
the absorbance valss the difference between the two. The absorbamasunement at
490 nm corrected for any turbidity in the samplg(iRlet al, 2004). Refer to fig. 1.2 for

the schematic representation of the plasmin enzgragstem in milk.
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2.2.4.3 Preparation for plasmin (PL) activity assay

The preparation was the same as for the assay abrwept that this assay contained
25ul plasmin (12.8mU/ml) instead of uPA and PG in @é wells. For the control
reaction no PL was added to the assay. Refer td figfor an indication of the enzyme

activity in the assay (Rippet al, 2004).

2.2.4.4 Determination of glutamate dehydrogenadeH¥sactivity

For this assay, 48 hour and 24 hour yeast cultwess used. In this assay, the reduced
cofactors (NADH or NADPH') produced by oxidative deamination of glutamicdaci
(Glu) reacts with the iodonitrotetrazolium in theepence of diaphorase to produce a

colorimetric product (Kieronczykt al, 2003).

Assays were carried out in 96 well plates. A reactinixture consisting of 20 50mM
potassium phosphate-50mM TEA buffer (pH 9.0) wi#Tkiton X-100, 1@ 100mM
Glu, 1Qul 2mM iodonitrotetrazolium, 1@ 1.76U/ml diaphorase, 10 13.8mM NADP

or 1Qul 17.33mM NAD" and 9Qu de-ionized water to make a total volume of i50
(Kieronczyk et al, 2003). Plates were incubated at 37°C digll extracellular
(supernatant) or 1B intracellular (broken yeast cells) phase was ddpest before
absorbance readings were taken at 492nm. Positingots contained GDH (450mU)
and negative controls Tris buffer (30ul). The ateere incubated at 37°C for 60 and 90
min. It was found that NADPcaused a very rapid colour change and was judgéed n
suitable for the assay. All further assays wererefloge carried out with NAD

Concentrations of GDH ranging from 0 — 20 ul weldtpd against absorbancesfAnn)-

2.2.5 Proteolytic activity of yeasts in milk

Fresh milk (i.e., raw milk, unpasteurised, and unbgenized) was obtained from Dairy

Corporation, Bloemfontein, South Africa.
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2.2.5.1 Milk fractionation

Raw milk was inoculated with twelve yeast speciesl dhe samples were treated
according to Fajardo-Lirat al, (2000) and centrifuged (40@Q 25 min, 4°C) to remove
the fat from the milk samples. The supernatant thaa ultracentrifuged (90,00§) 1h,
4°C) in Beckman ultracentrifuge tubes to separa&mwinsoluble nitrogen (WISN) and
water soluble nitrogen (WSN) fractions of the md&amples. The casein pellets were
reconstituted with deionized distilled water (DDW®) the original milk volume. 0.5M
sodium citrate buffer (pH 3.2) was added to the yinaction in a 1:1 (vol/vol) to ensure
substrate dissociation frorf-lactoglobulin $3-LG) and a-lactalboumin ¢-LA). Whey
samples were centrifuged (409020 min) in Amicon Ultra Centrifugal Filter Devis¢o
concentrate the samples to 100ul. Urea-PAGE getrefghoresis was then done on the
WISN as well as the WSN samples to determine whepleptide B-CN (29-?) was

released, which would be an indication of PL atfidue to the presence of yeasts.

2.2.5.2 Analysis by UREA-PAGE

The WISN and WSN samples were analyzed by alkalirea-polyacrylamide gel
electrophoresis (PAGE) using the method of Andrél@83). Samples were prepared as
described by Shalabi and Fox (1987). Staining wath® method of Blakesley and Boezi
(1977).

Cheese sample sub-fractions were dispersed in eadoubler, pH 7.6 (Shalabi and Fox
1987) and aliquots of 5-20ul were loaded on the gehsisting of a resolving gel (12.5%
T and 4% C, pH 8.8) and stacking gel (12.5% T a# @, pH 8.4) according to the
method of Andrews (1983). Electrophoresis was doma Mighty Small miniature slab
gel electrophoresis unit, SE 260 (Hoefer Scieriigtruments) using a Hoefer Scientific
Instrument, model PS 500X DC Power supply set &t\&dts (constant) (set for 2 gels

running simultaneously).

Staining of the peptides bands was done accordirthe method of direct staining by
Blakesley and Boezi (1977) with Coomassie BriliBiue G250 (Fluka). No de-staining
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was necessary and the gels were stored in distillgdr where the protein bands became
more intense. Thus, the background was not stamredl the protein zones were

visualized directly. The electrophoretograms weretpgraphed.

2.3 Results

2.3.1 Bicinchoninic acid protein assay

The standard curve (fig. 2.1) was used to calculageintracellular protein content (ug
ml™) of lysed yeasts which are shown in table 2.3. &lloof the yeast species tested had
high amounts of protein (undilutedrhodotorula glutinisand Candida intermedighad

the lowest values. That might be because not alydasts had the same growth rate and
less cells of these two yeast species were obtaDiférences in protein content could
be a reflection of different growth rates, althowdhyeast were observed to have been in

an exponential growth phase at 24h and an eatipiséay phase at 48h.

BSA protein assay

Net A (562 nm)

0 10 20 30 40 50
Protein concentration in ug/ml

Slope (m) = 0.043

Fig. 2.1Standard curve for the BCA protein assay with BSAvatein standard.
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Table 2.3Intracellular content of 24 hour old yeast cultuaedetermined by BCA assay

Yeast Protein concentration: undiluted (ug/ml)
Debaryomyces hansenii 170.47 £0.01
Yarrowia lipolytica 133.49 £ 0.00
Saccharomyces cerevisiae 97.56 £ 0.08
Rhodotorula glutinis 28.49 £ 0.09
Candida intermedia 48.84 £ 0.06
Rhodotorula mucilaginosa 170.70 £ 0.09
Rhodotorula minuta 165.12 £+ 0.01
Candida rugosa 123.60 + 0.05
Torulaspora delbrueckii 181.98 + 0.04
Candida zeylanoides 156.40 + 0.06
Candida sake 162.21 +0.14
Dekkera bruxellensis 148.49 £+ 0.01

2.3.2 Proteolytic activity

In tables 2.4, 2.5, and 2.6 the protease activitthe 12 yeast cultures are shown for the

different

substrates.

The extracellular

proteolytactivity was expressed as

nmol.mir*.mI™ enzyme activity in all the tables (tables 2.4, 2.5, 2.7, 2.8, 2.9).

Table 2.4Subtilisin activity of 24h old yeast cultures faffdrent peptide substrates

N-Cbz-Gly-Gly-Leu-p-nitroanilide L-Leu- p-nitroanilide
* Extracellular * Intracellular * Extracellular * Intracellular
(nmol.min’.mg (nmol.min*.mg
Yeast species (nmol.mir*.ml%) proteir) (nmol.miri*.ml™) proteiri')
Debaryomyces hansenii 0.360 0.075 0.072 0.086
Yarrowia lipolytica 0.552 0.050 0.192 0.042
Saccharomyces cerevisige 0.240 0 0.264 0.045
Rhodotorula glutinis 0 0.001 0 0.004
Candida intermedia 0.024 0.181 0.096 0.205
Rhodotorula mucilaginosa 0.048 0.088 0 0.238
Rhodotorula minuta 0.528 0.080 0.168 0
Candida rugosa 0.840 0.156 0.072 0.050
Torulaspora delbrueckii 0.336 0.292 0.072 0.265
Candida zeylanoides 0.504 0.192 0.096 0.105
Candida sake 0.264 0.113 0.120 0.023
Dekkera bruxellensis 0.408 0.031 0.192 0.007

* Average of duplicates
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No parallel can be drawn between the extracelahak intracellular enzyme activity. It is

known that proteases may undergo outolysis wheraseld into the medium by secretion

or cell lysis (Venteret al, 1999) and because the rate of outolysis difftexaveen

enzymes. Futher comparisons therefore have tmrelgtracellular protease activity.

Subtilisin-like (intracellular) activity (>0.1 nmhin’.mg protei’) was detected in

Candida intermedia Torulaspora delbrueckiiand Candida zeylanoidess well as

trypsin-like activity (tables 2.4 and 2.€}andida rugosalso displayed higher subtilisin-

like (extracellular) activity, but only for substeaN-Cbz-Gly-Gly-Leup-nitroanilide

(table 2.4). Candida

intermedia and Torulaspora delbrueckii displayed high

chymotrypsin-like (intracellular) activity, howevddebaryomyces hanserand Candida

rugosadisplayed lower chymotrypsin like activity (talfleb).

Table 2.5Chymotrypsin activity of 24h old yeast cultures different peptide substrates

N-Benzoyl-L-Tyr- p-nitroanilide

N-Succinyl-Ala-Ala-Pro-Phe-p-

nitroanilide

* Extracellular

* Intracellular

* Extracellular

* Intracellular

(nmol.min".mg (nmol.mir".mg
Yeast species (nmol.mir".ml™) protein®) (nmol.miri".mI ") protein®)
Debaryomyces hanseni 0.180 0.143 0 0.106
Yarrowia lipolytica 0.084 0 0.096 0.033
Saccharomyces cerevisiae 0.228 0.039 0.024 0.014
Rhodotorula glutinis 0.012 0.004 0.048 0.003
Candida intermedia 0.516 0.227 0.192 0.204
Rhodotorula mucilaginosa 0.276 0.080 0.072 0.082
Rhodotorula minuta 0.204 0.048 0.096 0
Candida rugosa 0.420 0.129 0.168 0.117
Torulaspora delbrueckii 0.156 0.292 0.048 0.245
Candida zeylanoides 0.636 0.094 0.288 0.092
Candida sake 0 0.110 0.024 0.057
Dekkera bruxellensis 0.396 0.034 0.144 0

* Average of duplicates
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Table 2.6Trypsin activity of 24h old yeast cultures for differemptide substrates

N-Benzoyl-DL-Arg-p-nitroanilide
* Extracellular * Intracellular

Yeast species (nmol.mir*.ml™) (nmol.min'.mgq proteir)
Debaryomyces hansenii 0.144 0.086
Yarrowia lipolytica 0.168 0.020
Saccharomyces cerevisiae 0.240 0.004
Rhodotorula glutinis 0.072 0.012
Candida intermedia 0.216 0.126
Rhodotorula mucilaginosa 0.144 0.086

Rhodotorula minuta 0.144 0

Candida rugosa 0.120 0.069
Torulaspora delbrueckii 0.024 0.290
Candida zeylanoides 0.096 0.107
Candida sake -0.024 0.026
Dekkera bruxellensis 0.024 0.001

* Average of duplicates

2.3.3 Plasminogen activation activity

The results for the plasminogen activation actiafyhe 12 yeast cultures after 24 hours

are given in table 2.7 and were determined reldtuwbe standard curve in fig. 2.2.

Standard curve (1h)

0.45
0.4
0.35
0.3 A
0.25
0.2
0.15
0.1
0.05 +
0 T T T T T

0 5 10 15 20 25 30
PG (uL)

Absorbance (405-492 nm)

Slope (m) = 0.0149

Fig. 2.2Standard curve for plasminogen assay at 1h.
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Table 2.7Plasminogen activation activity of 24h old yeadtunes

PG activation PG activation
* Extracellular Intracellular

enzyme activity enzyme activity

Yeast species (nmol.mir".ml™) (nmol.miri".mg protein)
Debaryomyces hansenii 1.596 0.039 £0.001
Yarrowia lipolytica 1.493 0.272 £0.001
Saccharomyces cerevisiae 1.184 0.010 £ 0.006
Rhodotorula glutinis 2.419 0.049 £ 0.001
Candida intermedia 1.801 0.029 + 0.000
Rhodotorula mucilaginosa 2.831 0.078 £0.001
Rhodotorula minuta 2.728 0.049 £ 0.001
Candida rugosa 2.007 0.156 £ 0.008
Torulaspora delbrueckii 2.007 0.477 £ 0.007
Candida zeylanoides 2.625 0.126 £ 0.001
Candida sake 2.110 0.019 + 0.002
Dekkera bruxellensis 2.728 0.097 £ 0.004

* Average of duplicates

In table 2.7, the only significant enzyme activityted (>0.1 nmol.mifumg proteif) in
the yeast cells (in the intracellular phase) wdrat tof Yarrowia lipolytica Candida
rugosa Candida zeylanoideand Torulaspora delbrueckiiThe values obtained shows

that the enzymes needed to activate plasminogept(P&@asmin (PL) are present.

2.3.4 Plasmin activity

In table 2.8, low intracellular PL activity (>0.2mol.min.mg proteift) is noted for
Yarrowia lipolyticaandTorulaspora delbrueckiiOther yeasts with low levels of activity
are Candida intermediaand Rhodotorula mucilaginosalt therefore seems as if these
yeasts Yarrowia lipolyticaand Torulaspora delbruecKiidisplay plasminogen activation
activity as well as plasmin activity. Sinde@rulaspora delbrueckidisplayed the highest
hydrolysis in this regard, as well as hydrolysiotifer peptide bonds, it might be that the
plasminogen activation is the result of non-specgroteolysis by several proteases.
Confirmation has to be obtained by investigatiomydrolysis of caseins by these yeasts
which will be reported in 2.3.6 and 2.3.7.
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Table 2.8Plasmin activity of 24h old yeast cultures

PL PL
* Extracellular Intracellular

enzyme activity enzyme activity

Yeast species (nmol.mir*.ml™) (nmol.miri*.mg proteir)
Debaryomyces hansenii 2.368 0.058 + 0.004
Yarrowia lipolytica 1.441 0.214 £ 0.004
Saccharomyces cerevisiae 1.029 0.058 £ 0.002
Rhodotorula glutinis 0.618 0.088 £ 0.004
Candida intermedia 0 0.146 £+ 0.000
Rhodotorula mucilaginosa 0 0.146 £ 0.001
Rhodotorula minuta 0 0.126 £ 0.007
Candida rugosa 1.544 0.058 £ 0.004
Torulaspora delbrueckii 0.206 0.564 + 0.001
Candida zeylanoides 0 0.126 £ 0.004
Candida sake 0.823 0 +0.002
Dekkera bruxellensis 0.823 0.058 +£0.008

* Average of duplicates

2.3.5 GDH activity

In table 2.9 the GDH activity for the 12 yeast sps@t 48 hours are shown. The results

given in table 2.9 were determined relative tostandard curve in fig. 2.3.

Standard curve (1h)

0.4
0.35
0.3 A
0.25
0.2
0.15
0.1
0.05 +

0 T T T T

0 5 10 15 20 25
GDH (uL)

Slope (m) = 0.0156

Absorbance 492 nm

Fig. 2.3Graph of GDH enzyme activity for the different yesgecies at 1h.
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Table 2.9Glutamate dehydrogenase activity of 48h old yealstiees

GDH GDH
* Extracellular Intracellular
enzyme activity enzyme activity
Yeast species (nmol.mir*.ml"™) (nmol.mir*.mg proteirt)
Debaryomyces hansenii 2.661 9.326 £ 0.004
Yarrowia lipolytica 0.242 2.716 £ 0.001
Saccharomyces cerevisiae 0 3.895 £ 0.001
Rhodotorula glutinis 0 5.404 £+ 0.000
Candida intermedia 5.080 14.785 + 0.006
Rhodotorula mucilaginosa 0.726 5.129 £ 0.000
Rhodotorula minuta 5.805 11.438 +0.011
Candida rugosa 5.322 14.072 + 0.002
Torulaspora delbrueckii 0 11.493 + 0.004
Candida zeylanoides 35.800 21.039 £ 0.008
Candida sake 12.337 9.107 £ 0.008
Dekkera bruxellensis 2.661 9.518 + 0.003

* Average of duplicates

The results in table 2.9 show that all the yeasislayed intracellular GDH activity, with
the highest levels (>9 nmol.mtmmg proteif) detected inDebaryomyces hansenii
Candida intermediaRhodotorula minutaCandida rugosa Torulaspora delbrueckii
Candida zeylanoide€andida sake@ndDekkera bruxellensisSDH enzyme activity may
be ranked from highest to lowe§tandida zeylanoides> Candida intermedia> Candida
rugosa> Torulaspora delbrueckii> Rhodotorula minutaDekkera bruxellensis>
Debaryomyces hansenii> Candida sake> Rhodotorulecilaginosa > Rhodotorula

glutinis > Saccharomyces cerevisiae> Yarrowia lygaa.

High levels of extracellular GDH activity was obged for Candida zeylanoideghich
could best be ascribed to cells lysed before petipar of extracts at 48 hour growth.
Thus the conclusion could be made that the yedistamtain GDH enzyme activity that

could play a role in the flavour formation in Ched@heeses.
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2.3.6 UREA-PAGE of the WISN fraction of fresh milk

The electrophoretograms of the WISN fraction of thigk are not shown because no

significant differences were noticed at this eatBge of proteolysis

2.3.7 UREA -PAGE of the WSN fraction of fresh milk

Changes in proteolysis are shown in the electraggibgrams (fig. 2.4 - 2.7). Of note is
the degradation ¢f-CN anda-CN into fractiong3-CN (29-?) and O respectively.

The formation of peptidg-CN (29-?) is due to plasmin activity and is fornadter one
day of incubation of the milk sample as well asyalast inoculated samples (fig. 2.4 —
2.7). Peptide$-CN (29-?) and O are formed at day 0O, the sameodl@yoculation, by
Torulaspora delbrueckiiYarrowia lipolyticg Rhodotorula mucilaginosand Candida
zeylanoidedfig. 2.4, 2.5, 2.6 and 2.7) which is an indicatiohincreased PL activity.
This could be ascribed to a contribution of PL bg yeasts, or by their PG-activation of
milk PG to PL. Yeast®ebaryomyces hansenaccharomyces cerevisjdehodotorula
glutinis, Candida intermedjaRhodotorula minuta, Candida rugosand Candida sake

(fig. 2.4 — 2.7) at day one also showed formatibthe peptides, but to a lesser extent.
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B-CN (29-?)

B-CN
asl -CN 0
A%
w

Fig. 2.4 Urea-PAGE of the WSN fraction of milk containingagé species. Lane 1:
marker, Na-caseinate. Lane 2: milk control day @né 3: milk control day 1. Lane 4:
Debaryomyces hanseniay 0. Lane 5:Debaryomyces hansenilay 1. Lane 6:

Torulaspora delbrueckiiay 0. Lane 7Torulaspora delbrueckiday 1.
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B-CN -CN (29)

asl -CN

Fig. 2.5 Urea-PAGE of the WSN fraction of milk containingagé species. Lane 1:
marker, Na-caseinate. Lane 2: milk control day &é_3:Saccharomyces cerevisiday
0. Lane 4:Saccharomyces cerevisiday 1. Lane 5Yarrowia lipolyticaday 0. Lane 6:
Yarrowia lipolyticaday 1. Lane 7Rhodotorula glutinisday 0. Lane 8Rhodotorula
glutinisday 1. Lane 9Candida intermediaay 0. Lane 10Candida intermediaay 1.
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w ——B-CN(29-7)

]

Fig. 2.6 Urea-PAGE of the WSN fraction of milk containingagé species. Lane 1:

marker, Na-caseinate. Lane 2: milk control dayd&né 3:Rhodotorula mucilaginosday

0. Lane 4:Rhodotorula mucilaginosday 1. Lane 5Rhodotorula minutalay 0. Lane 6:
Rhodotorula minutalay 1. Lane 7Candida rugosalay 0. Lane 8Candida rugosalay
1.
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B-CN (29-?)

B-CN
asl -CN o
Vv
\\%

Fig. 2.7 Urea-PAGE of the WSN fraction of milk containingagé species. Lane 1:
marker, Na-caseinate. Lane 2: milk control day &né. 3:Candida zeylanoideday 0.
Lane 4:Candida zeylanoidesay 1. Lane 5Dekkera bruxellensiday 0. Lane 6Dekkera
bruxellensiday 1. Lane 7Candida sakelay 0. Lane 8Candida sakelay 1.
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2.4 Discussion

Chymotrypsin-, subtilisin- and trypsin-like proteasis nothing new in yeasts (Kateh

al., 1995; Lesk and Fordham, 1996; Naratxal,, 2003). The results presented here added
a few yeast species to the list. Subtilisin liké\aty was detected i€andida intermedia
Torulaspora delbrueckiias well as trypsin like activity (table 2.6Jandida rugosaalso
displayed subtilisin like extracellular activityytonly for substrate N-Cbz-Gly-Gly-Leu-
p-nitroanilide (table 2.4)Candida intermediaand Torulaspora delbrueckidisplayed
high chymotrypsin like (intracellular) activity, in@ver, Debaryomyces hansengind
Candida rugosalisplayed lower chymotrypsin like activity (talileb).

Yeast species that displayed intracellular (altholoyv) PG activation activity above
0.100 nmol.miff.mg proteii were Yarrowia lipolytica Candida rugosa and
Torulaspora delbrueckii, Candida zeylaniogeand intracellular PL above 0.100
nmol.min*.mg proteii® activity were Yarrowia lipolytica Candida intermedia,
Rhodotorula mucilaginosa, Rhodotorula minuta, Tasglora delbrueckiand Candida
zeylaniodesRhodotorula mucilaginosdisplays low levels of PL activity but does not
display PG activation activityfarrowia lipolytica, Torulaspora delbrueckiandCandida

zeylaniodesire the only ones to have both of the enzyme &ies\ftables 2.7 and 2.8).

It is interesting to note thdtorulaspora delbrueckiis the only one of the yeast species
examined that displays PG activation activity, Pttivaty (more than Yarrowia
lipolytica), protease activity (in small amounts) and GDH ivégt (more than
Debaryomyces hansehiit even displays the highest levels of all theseymes. It also
displays subtilisin, trypsin and chymotrypsin aityiv Taking this into account, the
guestion arises whether the observed PG activamonPL activities are not due to non-
specific proteolysis due to the presence of sevigyads of proteases. To specifically
investigate the effect of these enzymes on casphosgolysis was carried out on milk
and the results evaluated by UREA-PAGE.

-67 -



The UREA-PAGE gels of WISN were inconclusive astgotysis was not very advanced
within the short time and the electrophoretogramesanherefore not shown. Evidence of
proteolysis could only be detected by the WSN.itn 2.4, the milk control at day 1
showed evidence of proteolysis of caseins, whicly @ ascribed to the action of
indigenous plasmin, of which the formation of theppdesp-CN 29-? and O is an
indication (Rippelet al 2000; Fadjaro-Lira et al, 2004). The milk samplleat were
inoculated with yeasts also showed plasmin typediysis, but at different degre€bhe
proteolsis by yeast®ebaryomyces hansenii, Saccharomyces cerewsid®hodotorula
glutinis did not differ much from the control, howeveForulaspora delbrueckii,
Yarrowia lipolytica, Candida intermedia, Rodotorula mucilaginosa and dda sake
showed the development of peptfdN (29-?) and fraction O at day O (the same day as
inoculation) and a much higher content of this pkptas evidenced by a relatively
darker band on the electrophoretograms. Thesetsesould therefore confirm that the

PG activation observed by the dedicated assaysati@ue to non-specific hydrolysis.

Almost all the yeast species display GDH acivtivetveen 2.5 and 21 nmol.rifimg
protein’). Debaryomyces hansenii, Candida intermedia, Rhodésominuta, Candida
rugosa, Torulaspora delbrueckii Candida zeylanojd€andida sakeand Dekkera
bruxellensisexpressed high levels of GDH activity of above t@hmin'.mg proteir’.
This GDH activity seems very low; however, it istime same order of magnitude as
observed fotactobacillusstrains by Kieronczylkt al (2004). These authors showed that
higher GDH activity may be observed, but that peleds on the type of amino acid that
is used as substrate. The highest activity was toi@ul for aspartate and the lowest for

isoleucine.

de Witet al (2005) have shown that a cheese inoculated Ratharomycesanseniiand
Yarrowia lipolytica developed Cheddar flavour at an accelerated ragergira and
Viljoen, 2003). A chemical explanation was offegsithe proteolysis of yeast inoculated
cheeses having progressed differently. Howeverpehbmical explanation could not be
provided at that stage. It is postulated that P@®/atton and GDH activity could have
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played a role in the cheese ripening differentlplaserved by de Wit al (2005), which
was the aim of the present study.

Although de Witet al (2005) have not investigated the products formeghduamino
acid catabolism, the sensory observations showadytast inoculated Cheddar cheeses
obtained the Cheddar cheese flavour at an eaipiening time than the standard Cheddar
cheeses. It was attributed to higher peptide anmhaiacid content, which may have a
direct influence on cheese flavour or the precwsdrflavour components. Ferreira and
Viljoen, 2003 have indicated that the acceleratedntion of the desired Cheddar
flavour may be attributed to the enhanced breakdofproteins by the yeasts, like those

formed by the amino acid transferase (Horbal, 2002).

de Wit et al (2005) have observed that Cheddar cheeses inedulaith Yarrowia
lipolytica and Debaryomyces hanseniiesulted in accelerated flavour development,
however, separate inoculation of these two yeadtaat result in sensorically acceptable
products. The current study shows tNarrowia lipolyticadisplays PG activation- and
PL activity, whileDebaryomyces hanserisplays high levels of GDH activity. It seems
as if the explanation to the accelerated ripenihthe yeast inoculated Cheddar cheese
lies in the activity of both enzymes, which are tetruted by the separate yeasts. An
exchange of these yeasts with similar enzyme pmrdushould therefore lead to similar
results regarding accelerated flavour developmehich is to be attempted in the current
study.

Yeasts with PG activation- and PL activity such Yarrowia lipolytica would be
Torulaspora delbrueckiiCandida rugosaand Candida zeylanoidesYeasts with GDH
activity such asDebaryomyces hansenwould be Candida intermediaRhodotorula
minuta Candida rugosaTorulaspora delbrueckiiCandida zeylanoideCandida sake
and Dekkera bruxellensis Since Torulaspora delbrueckiidisplays activity of both
enzymes, its contribution to accelerated flavouvetlspment should be evaluated as
single adjunct to LAB. BecauseCandida rugosa Candida zeylanoidesCandida

intermediaand Candida sakeare known as pathogenic organisms, and are therefur
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considered for further use in cheese processing. rsally the PL and GDH enzyme
activities that help to improve ripening times dieeses? To help answer the question,
the adjuncts yeasts selected webDebaryomyces hanseniiYarrowia lipolytica
Torulaspora delbrueckiandDekkera bruxellensi®©ebaryomyces hanser@ndY arrowia

lipolytica were chosen to act as a control for the studywaatdone by de Wt al.

Taking the enzyme activities into account, it igigested that yeast inoculated Cheddar
cheeses with the following combinations be manufact: Debaryomyces hansent
Yarrowia lipolytica Yarrowia lipolytica + Torulaspora delbrueckii Dekkera
bruxellensist+ Yarrowia lipolytica Cheddar cheese with individual inoculation: Stadd
(inoculated with LAB as control),Debaryomyces hanseniiYarrowia lipolyticg
Torulaspora delbrueckiand Dekkera bruxellensisThe manufacture, sensory analysis

and chemical analysis of these will be reportethefollowing chapters.

2.5 Conclusion

Chymotrypsin-, subtilisin- and trypsin-like proteas PG activation activity, PL activity
and GDH activity were detected in some of the yegstcies likeDebaryomyces
hansenii, Yarrowia lipolyticaand Torulaspora delbrueckii Torulaspora delbrueckii
showed to posess the higest enzyme activity ahallyeasts. To test what the effect of
the enzyme activities will be on Cheddar cheesar fgeast speciesDgbaryomyces
hansenii, Yarrowia lipolyticaTorulaspora delbrueckiand Dekkera bruxellens)swere
chosen and inoculated with the LAB into miniaturee@dar cheeses. The outcome will

be discussed in chapter three and chapter four.

-70 -



Chapter 3

MANUFACTURE AND SENSORY EVALUATION OF MODEL CHEESES WITH
AND WITHOUT YEAST ADJUNCTS

3.1 Introduction

Many aspects of the biochemical events involvechieese production and ageing are not
yet completely known. The impact of processing al@les such as cheesemilk,
temperature profile during cheese-making and startadjunct cultures on the quality of
the resulting cheese are usually assessed by maeahsese-making experiments (Milesi
et al, 2007). However, cheese-making trials and assa#swof the performance of
enzymes, starters or adjuncts during cheese rigariexpensive and time consuming
(Shakeel-Ur-Rehmart al, 1998; Milesiet al, 2007). Reproducibility may also be
difficult to obtain at pilot plant scale, and comiaation with nonstarter microorganisms
as well as sub-lethal phage infections can charigening patterns leading to
misinterpretations of the results (Milegial., 2007). Thus, a model system in which their
role can be assessed rapidly appears desirablegdedothat the conditions in cheese can
be replicated closely (Shakeel-Ur-Rehnedrml, 1998).

Bacteria usually cause fermentation of milk and taerefore considered to be of major
importance during the making of cheese. Yeasts,elew possess the ability to grow
under conditions unfavourable to many bacteriag@ay a significant role in the spoilage
of dairy products as well as the ripening of someese varieties (Viljoen and Greyling,
1995).

Yeasts frequently occur in dairy products. Yeastsiravolved in the ripening process of
cheese and partake in microbial interactions andribwite to texture changes and the
biosynthesis of aromatic compounds like volatilela@and carbonyl compounds (Ferreira
and Viljoen, 2003). Yeasts in cheese are considaseidsignificant at the earlier stages

of cheese production, but play a role in later stadpeing present as natural contaminants
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in the curd during maturation (Welthagen and Vijpel999). Traditionally,
secondary/adjunct starters are not used in Chdgidareheeses but, the development and
application of such cultures are among the promisipproaches toward accelerating

ripening (Foxet al, 1996).

Flavour developments in fermented dairy produceséemplex and, in the case of cheese
ripening, more specifically PG activation — and Bttivity, slow process involving
chemical and biochemical conversions of milk comgua (van Kranenburgt al,
2002). Flavour compounds are formed by various gsses, that is, the conversion of
lactose and citrate (glycolysis and pyruvate médisimn), fat (lipolysis) and caseins

(proteolysis).

In chapter 2 it was found that certain yeast sgedisplayed enzyme activities which
could play a role during cheese ripening. The ditthis chapter is to manufacture model
cheeses with the following yeast speci¥arrowia lipolyticg Debaryomyces hansenii
Yarrowia lipolytica + Debaryomyces hanseniiDekkera bruxellensjs Dekkera
bruxellensis+ Yarrowia lipolytica Torulaspora delbrueckii+ Yarrowia lipolytica and
Torulaspora delbrueckistrains were inoculated in association with thetstdactic acid
bacteria. The different yeasts were used as adgiader cultures and ripening agents of
the cheese, some were used in combination andso#ihene. All the combinations had
Yarrowia lipolytica because of its remarkable lipolytic and proteclytctivities
(Welthagen and Viljoen, 1998, 1999; Ferreira anfoen 2003; de Witet al 2005).
Torulaspora delbrueckivas used because it was shown to display GDH- ad¥i@ation

- and PL enzyme activitypebaryomyces hanserand Dekkera bruxellensiszas chosen
because of their almost similar GDH enzyme actvithe aim was also to establish

whether the yeast species added to the model cheeskl affect the sensory aspects.
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3.2 Materials and methods

3.2.1 Selection of yeast species

According to the results obtained in chapter 2wal as results of de Wit al (2005),
four yeast species were selected to be inoculatex model cheesef)ebaryomyces
hansenii and Dekkera bruxellensidor GDH activity, Yarrowia lipolytica for PG
acticvation/PL activity, andJorulaspora delbrueckifor displaying both these enzyme
activities. Although other yeasts such as @endidaspecies displayed similar enzyme
activities, they were not included due to theihpagenic character.

Eight Cheddar cheeses were manufactured indupli€aee basic cheese making process
was carried out with the addition of LAB (obtainiedm Dairybelle, Bloemfontein) and
the following yeasts were added as adjunct stattiures:
1. Standard without any adjunct culture inoculatioh (S
Debaryomyces hanseriiYarrowia lipolytica(D+Y)
Debaryomyces hanserf)
Yarrowia lipolytica(Y)
Torulaspora delbrueckit Yarrowia lipolytica(T+Y)
Torulaspora delbruecki(T)
Dekkera bruxellensis Yarrowia lipolytica(Db+Y)
Dekkera bruxellensiéDb)

©® N o U s wN

3.2.2 Microbiological analysis

To ensure that yeasts are present in the chedmesndthod described in Ferreira and
Viljoen, (2003) was used. This part was done aspamte study and is not reported here,
because the current project focused on the cherd@iges that occur during ripening.

However, the yeasts in 3.2.1 have been found imihéture Cheddar cheeses.
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3.2.3 Preparation of yeast inoculums

The four yeast species chosen were all grown forgl8YM media and a small amount
was inoculated into 10ml of UHT milk. After 24h,pae-inoculum was made by taking
0.5ml of the inoculated milk samples, inoculatinganother 10ml of UHT milk, and left

for another 24h. All the samples were incubatetbatn temperature. To determine the
CFU mI* of yeast species to be inoculated into the modeésesplate counts have been
done.

For the plate counts, dilutions (Go 107°) of the inoculated milk samples was made in
peptone buffer and spread plated onto YM mediaerAfiiree days the yeast colonies
were counted and the concentration (CFJ)noff each yeast species to be inoculated into

model cheeses was determined.

After determining the CFU il a calculated amount of each yeast species was
inoculated into 200ml of pasteurised milk as déxmattiin 3.2.4t0 obtain yeast growth of
not more than T0CFU for the 200ml.

3.2.4 Protocol for the manufacturing of model cleses

The starter culture, FD-DVS pHageControl R-700 @wltSeries (CHR Hansen), was
supplied by Dairybelle iloemfontein, South Africa. The starter culture vdagded in

amounts of 0.3605g and was frozen until used feesh manufacture.

Miniature Cheddar cheeses were prepared as desddnpéShakeel-Ur-Rehmaet al,
1998), but some changes were made to the protocalde in this project. During the
cheese manufacturing process, six wide-mouth pl&#ckman centrifuge bottles, here
named cheese bottles, were filled with 200ml ravik mnd one wide-mouth plastic
centrifuge bottle, here named milk bottle, wasdlwith 250ml raw milk. Raw milk was
obtained from Dairy Corporation, Bloemfontein, Soéfrica. The milk in the bottles

was pasteurised at 63°C for 30 min, followed byliogpto 31°C, and maintained at this
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temperature in a water bath. Starter (CHR Han€eB8905g (calculated from the required
amount needed for bulk inoculation), was addech&nilk bottle containing 250ml of
milk and stirred with a glass rod until the statted dissolved. After stirring, 1ml of the
starter-milk-mixture was added to the six cheedddsocontaining 200ml of pasteurised
milk and stirred. The six cheese bottles were ifeied with the yeast species or
combinations thereof together with the starter éxézt(see also 3.2.1.1). The calculated
volume of each yeast species to be added, was llasv$o Debaryomyces hansenii
(2.67ul), Yarrowia lipolytica (0.83 ul), Torulaspora delbruecki(250ul) andDekkera
bruxellensig10.64 ul). The milk was left to stand for 30 mir3a°C.

CaC} (132ul of a 1mol.* solution for 200ml of milk) and rennet (43,5ul 200ml of
milk) was then added. The milk was kept for 40-5@ @t 31°C until a firm coagulum
formed. The coagulum in the cheese bottles wasneutually in 1cm blocks. The curd
particles in the whey were healed for 2 min anch tft@red slowly for 10 min using glass
rods. The temperature was then increased to 38% 89 min and the curds/whey
mixture stirred continuously at 38°C until the peached 6.2. Curd and whey, in the
centrifuge bottles, were then centrifuged at roemgerature for 60 min at 17@0in a
Beckman, Model J 2-21 centrifugéhese conditions were chosen to achieve a moisture
level of 38-40 % in the miniature cheeses. The whiay drained and the curd held in the
cheese bottles in a water bath at 38°C. Cheesesimezrted in the bottles and held until
the pH decreased to 5.2-5.3 and then centrifugéd@@Qg for 20 min, with the top of the
cheeses during the first centrifugation now onltbéom (to give a smooth surface on
both sides). After further whey drainage, the ckeegere brine salted (50ml 20 % NaCl,
0.05 % CaGl2H,0) for 30 min at room temperature in the chees#ddsotAfter salting,
the cheeses were removed form the bottles, wip#d ti8sue paper, vacuum packed and
ripened at 8°C. All cheeses were manufactured plichte.

3.2.5 Sampling methods

Samples of the duplicate cheeses were taken dthigagnanufacturing and ripening of

the cheese at the following processing stages:
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pasteurised milk
starter culture
whey

curd

brine

cheese at day O
cheese at 2 months
cheese at 3 months

© 0o N o gk wdhPE

cheese at 4 months

Liquid samples were taken by aseptically pouring liquid into a sterile McCartney
bottle, and solid cheese samples by asepticallynguand transferring into sterile bags.
The eight cheeses in duplicate were kept underalted conditions at 8°C and samples
taken after processing were frozen. 10 g Samplese waken in duplicate and

microbiologically analyzed. See also Ferreira aipb®h (2003).

3.2.6 Moisture determination

Sea sand, 20g, and a glass rod were placed iruamralm dish and heated at 105°C for
1h according to the IDF method 4 (1958) to deteertile dry matter in cheese and
processed cheese. It was then cooled in a desicaatbweighed. About 3g of grated
cheese was weighed into the dish and the contertedrwith the glass rod and dried in
an oven at 105°C and left over night. The dish we cooled in a desiccator and

weighed again.

3.2.7 pH determination

The pH of cheese samples was determined with aqubiglass electrode and a Hanna

instruments 8521 pH meter.
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3.2.8 Determination of enzyme activity in cheese

Cheese (1g) was mixed either with 2 ml of Tris bufffor PG activation and PL assay)
or 2 ml of GDH buffer (for GDH assay) in a stomachEhe samples were frozen. The
assays for external enzymes were carried out agibled in chapter 2, sections 2.2.4.2,
2.2.4.3and 2.2.4.4.

3.2.9 Sensory analysis

The eight experimental cheeses were sensoricabyuated by a panel of experts in
cheese manufacture and sensory evaluationA8dendum 1 (page 142) for an example
of the evaluation form. The sensory quality of ttleeeses was evaluated based on a
standard protocol including curd openness, texttaste, flavour and maturity. The

cheeses were evaluated after three, six and nin¢hsof ripening.

All the yeasts used in this study have proteolgativity which converts casein to
peptides of different molecular weight and free rmonacids which may have direct

influence on cheese flavour or be precursors ebfla components (Suzet al, 2001).

3.3 Results

3.3.1 Microbiological analysis

Microbial analysis was carried out to determine gnewth and survival of bacteria and
yeasts. It was carried out as a separate studysandt reported here. Only the major
findings are reported as they have an influencéherresults of this study. Enumeration
of yeasts and lactic acid bacteria present dutegprocessing and maturation stages of
the seven cheese treatments showed both enhancantenthibition in the survival of
the lactic acid bacteria compared to the traditionature Cheddar cheese produced as a
control under similar conditions on the cheesesufaied with (Db), (Db+Y), (Y) and

(T). The lactic acid bacteria counts increased to waki@ove 8 log units, although a
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decline in numbers was observed after 2 monthsastiration. The cheeses inoculated
with (D), (D+Y) and (T) had counts of lactic aciddteria which were lower than those
of the control cheese, also with them a declineounts was observed after 2 months.

In all the cheeses except the one inoculated WitfY{, a rapid increase in yeast numbers
during processing was observed, followed by a dedowards the end of the ripening
period On the cheese that was inoculated with (T+Y),yts&st counts after addition of
the starter culture grew at a constant rate througthe processing and ripening process,
with counts never exceeding 4 log units.

This coincides with the findings of Ferreira andjd&n (2003), who found that when (D)
was used as a sole co-inoculum, the yeast numimrseabed gradually during the
ripening period to a minimum value of 4.25 X*XOFU g* after 4 months of ripening.
When they used (Y) as a sole co-inoculum, yeastheusnalso gradually decrease and
ceased to survive after 4 months of cheese ripeRinglly, when they incorporated both
yeasts as part of the starter culture, the combyeadt count initially decreased during
the manufacturing process and they observed a ailadtincrease (>2-3 log units)

compared to the cheeses which they inoculatedindividual yeasts.
3.3.2 Moisture determination

The ideal amount of moisture that should be presetite cheese is 38-40% (Shakeel-
Ur-Rehmaret al, 1998).Too much moisture in cheese could affeeiptd and acidfy the
cheese so that the overall texture and cheeseisastBuenced. This could lead to the
formation of bitter flavours in the cheese. Soméhefcheeses had moisture values above
38-40%, being (S) and the combinations of (D+Y) dmeY) (table 3.1). This may
suggest that the cheeses should be centrifugedrda ttine to ensure the necessary
moisture removal. Moisture determination was doneeoand no standard deviation

analysis was performed on the cheeses.
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Table 3.1 Moisture content of 9 month old standard and vyeastulated Cheddar
cheeses

Organism % Moisture
Standard 45.87
Debaryomyces hansenii and Yarrowia lipolytica 46.38
Debaryomyces hansenii 40.98
Yarrowia lipolytica 42.24
Torulaspora delbrueckii and Yarrowia lipolytica 44.37
Torulaspora delbrueckii 42.05
Dekkera bruxellensis and Yarrowia lipolytica 38.48
Dekkera bruxellensis 40.06

3.3.3 pH determination

The initial pH of the pasteurised milk ranged betwé&.6 - 6.7 in the cheeses. The pH
began to decrease after the addition of startdiclacid bacteria, producing organic

acids. In table 3.2 the pH is reported as deterthiover the ripening period of nine

months. The pH of the cheeses tended to be unifatmonly slight variations such as

(T+Y) at eight montsThis could be because too much moisture is presesime of the

model cheeses that may have adversely affectguHi{gable 3.2).

Table 3.2 pH of 4, 5, 6, 8 and 9 month old standard and tygasulated Cheddar
cheeses

Cheese description Months
4 5 6 8 9
Standard 5.35 5.38 526 5.42 5.37

Debaryomyces hanseniiand 5.34 531 | 534 525 5.28
Yarrowia lipolytica
Debaryomyces hansenii 5.34 511 | 5.27] 5.21 5.26
Yarrowia lipolytica 5.33 531| 5.24 5.28 5.20
Torulaspora delbrueckii and  5.10 511 | 5.09 4.86 5.28
Yarrowia lipolytica
Torulaspora delbrueckii 5.33 514 | 5.23 5.12 5.30
Dekkera bruxellensis and 5.33 5.22 | 5.25 5.2( 5.32
Yarrowia lipolytica
Dekkera bruxellensis 5.27 5.35| 5.28 5.3( 5.35
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3.3.4 Enzyme activity in cheese

The levels of PG activation activity, PL activityéa GDH activity that were detected

were so low that no significant differences betwaaw of the cheeses were obvious and
also not over ripening time. It seems as if thehodtemployed to detect these enzyme
activities may not be sensitive enough. Resultstla@eefore not shown and not further

interpreted.

3.3.5 Sensory analysis

After three months ripening time, the cheeses ilated with (D+Y), (D), (T), (Db+Y)
and (Db) displayed acceptable sensory developnenie(3.3).

Table 3.3 Sensory evaluation of 3 month old standard andtyeasulated Cheddar

cheeses
Number Cheese description Texture and taste Discussion
1 Standard Soft, clearn Good Very bitter after
creamy development taste
Debaryomyces hansenii Soft, Good Off flavour,
2* and Yarrowia lipolytica creamy development bitter
3* Debaryomyces hansenii  Sturdy Clean taste A little bitter
4 Yarrowia lipolytica Soft, clean Mealy Better Cheddar
taste taste
development,
very bitter/rancid
5 Torulaspora delbrueckii| Sturdy, little| Little mealy Very bitter,
and Yarrowia lipolytica creamy rancid
6* Torulaspora delbrueckii Sturdy Clean, good| A little bitter
cheddar taste
7* Dekkera bruxellensis and  Sturdy Clean, good| A little bitter
Yarrowia lipolytica cheddar tastg Almost same as
4
8* Dekkera bruxellensis Sturdy Off flavour, A little bitter
creamy Relative good
cheddar taste

* Good overall taste
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At six months of ripening, only (D+Y) and (Db+Y) gfilayed acceptable sensory
gualities (table 3.4) and at nine months (S), (DXDp+Y) and (Db) (table 3.5). Cheeses
inoculated with (Y) and (T) as separate inoculantsll the cases were not evaluated

positively at any stage.

Table 3.4 Sensory evaluation of 6 month old standard andtyimasulated Cheddar
cheeses

Number Cheese description Texture and taste Discussion
1 Standard Unclean | Soft texture Very bitter
taste
Debaryomyces hansenii Cheddar | Soft texture Slightly bitter
2* and Yarrowia lipolytica | taste, slight
unclean
taste
3 Debaryomyces hansenii  Slight Soft texture Slightly bitter
Cheddar and
unclean
taste
4 Yarrowia lipolytica Slight Soft texture | Very bitter, hides
Cheddar, the cheese taste
rancid taste
5 Torulaspora delbrueckiii Unclean | Soft texture | Very bitter, hides
and Yarrowia lipolytica taste the cheese taste
6 Torulaspora delbrueckii Slight Soft texture Bitter
Cheddar and
unclean
taste
7* Dekkera bruxellensis andCheddar and  Sturdy Slightly bitter
Yarrowia lipolytica clean taste texture
8 Dekkera bruxellensis Cheddar | Soft texture Slightly bitter
taste

* Good overall taste
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Table 3.5 Sensory evaluation of 9 month old standard andtyeasulated Cheddar
cheeses

Number Cheese description Texture and taste Discussion

1* Standard Slight clean Firm texture Bitter
cheese aftel
taste

Debaryomyces hansenii  Clean Firm texture Slightly bitter
2* and Yarrowia lipolytica | cheddar
after taste

3 Debaryomyces hansenii Clean after| Firm texture Slightly bitter,
taste, slight Sour
cheddar
taste

4 Yarrowia lipolytica Slight bitter |  Soft-firm Bitter
after taste texture

5 Torulaspora delbrueckiii Cheddar | Firm texture Bitter

and Yarrowia lipolytica | taste, slight

clean after
taste

6 Torulaspora delbrueckiii Cheddar | Firm texture Bitter

taste, slight

yeasty after
taste

7* Dekkera bruxellensis and  Good Firm texture Slightly bitter
Yarrowia lipolytica cheddar
taste,slight
yeasty after
taste,
creamy

8* Dekkera bruxellensis | Good clean| Firm texture Slightly bitter,
cheddar Sour
taste

*Good overall taste

Overall, the sensory evaluators observed thathibeses inoculated with combinations of
(D+Y) and (Db+Y) displayed a faster developmenadfheddar cheese flavour than the
standard cheese, at least as early as six montigeafng. Separate inoculation of yeasts
showed undesired flavour development right throdigé ripening period, with the

exception of the cheese inoculated only with (Dix) atarter lactic acid bacteria.
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These results seem to repeat those of Ferreira/djoegn (2003) that Cheddar cheeses
inoculated with (D+Y) resulted in the developmehtacstrong Cheddar cheese taste at
four months of ripening compared to a control cke@&e observed accelerated Cheddar
flavour development was attributed to the enharsmedroled breakdown of proteins by
the yeasts (de Wt al, 2005).

3.4 Discussion

Microbiological tests done on the first four montbk ripening found that after two
months of ripening, a decline in the numbers of A8 were found in the cheeses
inoculated with (D)(D+Y) and (T).

Therefore the yeasts might have started to ovemstadde growth of the starter LAB and

they could not work in harmony to produce good dlass in the Cheddar cheese. Thus,
for future studies, it is recommended that the amhad the different yeast species to be
inoculated into model cheeses, be calculated tarengood aroma development in
Cheddar cheese.

Some of the cheeses like (T+Y) and (T) had bittencid off-flavours and soft texture,
while others like (D+Y) had a firmer texture. It possible that the moisture ratio was
incorrect (Thageet al, 2005) (see section 3.3.2, table 3.1) and coaict ftontributed to
proteolytic acitivies.

Too much moisture in Cheddar cheese is not ideade st might adversely affect the pH
of the cheese. Reduced-fat, semi hard cheese wgthrhoisture content often fails to
produce al balanced intense flavour (Thageal., 2005). Some of the cheeses had
moisture levels in the range of 38-40% as suggdsteshakeel-Ur-Rehmaet al (1998),
give or take 2%. The cheeses with (D+Y) and (T+&Jl lhigher moisture values than the
others. Even though (D+Y) had high moisture andvpides (table 3.1 and 3.2), they still

developed good flavours during the ripening prockssuld therefore be deduced that it
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is the enzyme activity of (T+Y) and (T) that resultbitter flavours and not the moisture
or pH. However, proof will be provided in the nektapter.

Over the ripening period of nine months, the corabans of (D+Y) and (Db+Y) were
the only cheeses to show good development of tleel@dr/cheese taste and development
of a firm texture. Even if these cheeses did predsmme off flavours, they still showed

the best potential of developing a Cheddar taste.

At three months ripening, the cheeses with (T+YJ @) developed a sturdy texture and
even a good Cheddar taste (table 3.3). But, aasitknine months ripening time, these
cheeses developed bitter compounds and uncleas tgasbles 3.4 and 3.9)jorulaspora
delbrueckiiandYarrowia lipolyticawere the yeast species that had the highest ambunt
PL/PG activation activity (see chapter 2, tableés &d 2.8).The reason might be that
proteolysis started out very fast so that bittempounds formed during the ripening
period. It is also possible that the high activafysubtilisin, trypsin and chymotripsin of

Torulaspora delbrueckiinay contribute to the release of bitter peptides.

To relate the observed sensory aspects to a chieewjgianation, the dynamic proteolysis
had to be studied. HPLC (High Performance Liquidddiatography) and UREA-PAGE
was carried out on the WSN and WISN fractions & tineeses which is reported in

chapter 4.
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Chapter 4

PROTEOLYSIS DURING CHEESE RIPENING

4.1 Introduction

Primary proteolysis in cheese may be defined asethtehanges iff-, y-, as-caseins,
peptides, and other minor proteins that are dedeble PAGE (Ranket al, 1985).
Primary proteolysis leads to the formation of lavgeter-insoluble peptides and smaller
water-soluble peptides (Moonest al., 1998). Secondary proteolysis products could
include those peptides, proteins and amino acilifokoin the aqueous phase of cheese
and are extractable as the WSN fraction. The WSdtitsn is a complex mixture of
large, medium, and small peptides and amino adidese components result from the
action of milk clotting enzymes, milk proteasesartr lactic acid bacteria and

contaminating microorganisms (Raekal, 1985).

The primary role of rennet is to coagulate cheekernut it also plays a major role in
proteolysis during maturation and is the principedteolytic agent responsible for the
level of proteolysis detected by gel electroph@é&rappiret al,, 1985) and for most of
the nitrogen soluble in water or in pH 4.6 buffé@Keeffeet al, 1976). The coagulant
contributes indirectly to the development of Chedd®eese flavour by producing large-
and medium-sized peptides, which act as substridesstarter (and non-starter)
proteinases and peptidases which produce smalidespand free amino acids (FAA),
from these substrates (Laaeal, 1997). These peptides and amino acids may boiyi
directly to flavour or serve as precursors of flaveompounds (Lane and Fox, 1997,
Laneet al, 1997).

The balance between the formation of peptides lagid $ubsequent degradation into free
amino acids is very important since accumulatiopetides might lead to a bitter off-
flavour in cheese. Various bitter- tasting peptithese been identified and especially

these peptides should be degraded rapidly in crevent bitterness (Smét al,
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1998). Five peptides (rich in proline) responsitae bitterness in Cheddar cheese were
isolated, namelyus;-CN (f1-7), (f1-13), (f11-14),as-CN (f191-197) andB (f8-16)
(Souseet al, 2001).

Nitrogen solubility under defined conditions is pably the most widely used method to
investigate proteolysis (Kuchroo and Fox, 1982)ve$a criteria, including nitrogen
solubility in a range of solvents and rheologica@asurements may be used as indices of
proteolysis, with electrophoresis being the mosefuls and widely used method
especially for young cheeses (Shalabi and Fox, 19&actionation with water is an
efficient procedure for separating the larger pigstiin cheese from the smaller ones
(Christenseret al, 1991).

In gel electrophoresis the component proteins aqutigles are separated either on the
basis of their net charge or by molecular weightt aisualized by staining and a variety
of protein specific dyes. Gel electrophoretic stésdishowed that the water-soluble
fraction contains whey protein, low molecular weigkptides from hydrolysis of casein
and free amino acids (Shalabi and Fox, 1987). Clreddeese flavour has been located
to the water-soluble fraction. The fraction nonutdé¢ in water contains caseins and high
molecular weight peptides from the casein hydrglysid can be analysed by UREA-
PAGE. Electrophoretograms of the insoluble fractaoe very similar to those of un-

fractionated cheese and give little informationgl@bi and Fox, 1987).

In chapter 2 certain yeast species that might plagle in accelerated cheese ripening,
were selected to be inoculated into model cheetegter 3, with the starter lactic acid

bacteria. In chapter 3 sensory evaluations wasecbout on the cheeses. The aim of this
chapter is to determine the chemical changes setbbeeses in order to explain whether
PG activation-, PL- and GDH activity plays the imjamt role in cheese ripening as was
set out in the aim of this study (chapter 1) anthexsensory observations (chapter 3).

- 86 -



4.2 Materials and Methods

4.2.1 Cheeses

Eight Cheddar cheeses were manufactured in duplasatwas described in chapter 3,

section 3.2.1 and 3.2.4. They were:

Standard without any yeast adjuncts (S)
Debaryomyces hanseriiYarrowia lipolytica(D+Y)
Debaryomyces hanser{)

Yarrowia lipolytica(Y)

Torulaspora delbruecki Yarrowia lipolytica(T+Y)
Torulaspora delbrueckiT)

Dekkera bruxellensis Yarrowia lipolytica(Db+Y)
Dekkera bruxellensi@Db)

© N o 0k~ w0 DdPRF

All the chemical analysis were carried out on thplatate cheeses.

4.2.2 Primary proteolysis

4.2.2.1 Extraction of water-soluble nitrogen (WSMN) water-insoluble nitrogen (WISN)

in cheese

Extraction of the WSN was done according to thehoetof Kuchroo and Fox (1982),
where the water-soluble fraction was obtained bydgenizing the cheese with water at
a ratio of 1:2 (10g grated cheese + 20ml distiNeater) with and Ultra-Turrax T25
(Janke & Kunkel IKA-Labortechnik) at 9500 (mfipfor 1min. The homogenate was then
heated to 40°C for 60min and centrifuged (Beckmad&l J2-21) at 30@D(5000 rpm)
for 30min. This resulted in three distinct fracomhe fat (which was discarded) and the
water-soluble and -insoluble fractions. The watdtisle fraction (supernatant) was
filtered through glass wool (B. Owen Jones LTD. daDonald Adams). The procedure
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was repeated on the precipitate for complete etidrac Approximately 70% of the
soluble N was extracted in the first cycle and dhier 20% in the second cycle so that

approximately 90% of the WSN was extracted.

Both the WSN and WISN fractions were freeze-dried iozen at -20°C until analyzed

(not longer than three months).

4.2.2.2 Nitrogen (N) determination

The nitrogen in cheese, total nitrogen (TN) and W&k determined by means of
thermal combustion on a Leco Protein/Nitrogen FB-hterminator and the WSN
expressed as a percentage of TN (Leco Corpor&xot).

4.2.2.3 Cd-ninhydrin (CdNR) analysis

Analysis of the free amino acids was done accorttinthe method of Folkertsma and
Fox (1992). A sample of 20ul of WSN was dilutedLtal in distilled water. To this was
added 2ml Cd-ninhydrin reagent (0.8g ninhydrin algsd in a mixture of 80ml 99.5%
ethanol and 10ml acetic acid, followed by the additof 1g CdCJ, dissolved in 1ml
distilled water). The mixture was heated at 84°€5amin, cooled and the absorbance
determined by a Genesys 10 Vis Thermo Spectroréctsgphotometer at 507nm. A
blank (reagent without WSN) was prepared. Analygs performed in duplicate. The
results were expressed as mg leucihaiging a standard curve. A standard curve was
prepared by diluting a stock solution of 10mM afdme in distilled water to a range of
0.5-10mM with distilled water (Lane and Fox, 1997).

4.2.2.4 Analysis by UREA-PAGE

UREA-PAGE was carried out as described in chaptse@tion 2.2.5.2.
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4.2.2.5 Statistical analysis

Differencesbetween the standard and yeast inoculated Chetdases were determined
by analysis of variance (ANOVA) (NCSS, 2004). Thak&y-Kramer multiple

comparison test was used to identify differenceséen treatment means (NCSS, 2004).

4.2.3 Secondary proteolysis

RP- HPLC has been used increasingly to charactgeptides in casein hydrolysates
(Bicon, 1983). HPLC patterns becomes more comptetha cheese matures and are
useful indices of cheese maturity, and to a lesgeent of its quality and therefore may

potentially be useful in the objective assessméntheese quality (Smith and Nakai,

1990; Fox, 1993; O’'Sheet al., 1996).

The aim was to analyze the WSN fraction of the shesamples to determine if any
changes occurred in the peptide peak developmeaimgdupening that might help to

explain why some cheese sets developed bitter congso

4.2.3.1 Sampling methods for RP- HPLC

Sampling of cheeses was discussed in section 4Safhple preparation was done
according to the method of Lagt al. (1992). Lyophilized samples of the WSN fraction
were dissolved in deionized water (DDW) (Milli-Q teg) (4mg mt), and filtered

through a 0.45um Cameo (Separations) pre-filtee fillrate was stored at -20°C until

analysed (not longer than three months).
4.2.3.2 Peptide analysis by RP-HPLC
HPLC was carried out on a Thermo Finnigan Survesymtem with a PDA detector

operated at 230 nm. Samples were chromatographea Sm Jupiter (Separations)
RP18 250mm x 4,6mm reversed-phase column precegdadlour-Guard RP/C18 - 5um
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guard column (Separations) at ambient temperafrinear gradient of 0.15% TFA,
(ilon-pairing agent) in DDW (eluant A) to 0.1% TFAMérck) in 80:20(v/v) acetonitrile
(Ultrafine Limited) in DDW(eluant B) was increaséal 70% B over 70min at 1ml/min

flow rate. Solvents were degassed under vacuunrdaie.

4.3 Results

4.3.1 Nitrogen (N) analysis

In fig. 4.1 the results of the nitrogen analysie given. WSN as % of TN only gives
information about the extent of proteolysis. Prbtsis was analysed by fractionating the
WSN as well as WISN, and study them by PAGE (sactiB.3)and HPLC (section
4.3.4). There is a tendency that the WSN as %TNeases during ripening from
approximately 0.0003 to 0.0023 % (fig. 4.1). Itreseas if optimum development of the
WSN fractions was obtained at 180 - 240 days. Thesdts of an increase in WSN as %
of TN are in agreement with those of Lane and A®96) and de Wikt al (2005). No
significant statistical difference (p<0.001) waselved between the cheeses at different

ripening times.
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Fig. 4.1Changes in WSN as % TN during ripening
4.3.2 Cd-ninhydrin analysis

Plasmin action does not result in the productiofred# amino acids but is responsible for
production of intermediate-sized peptides (Farkye Box, 1992), which are precursors
for production of free amino acids by enzymes aftst bacteria (Upadhyagt al.,2006).

Lane and Fox, (1996) also indicated that the pmats of starter bacteria is important for
the production of small peptides and the accumaratif amino acids in cheese during
ripening and that the coagulant contributes litdethe liberation of free amino acids.
Starter and non-starter proteinases and peptidasesmainly responsible for the

production of amino acids (Shakeel-Ur-Rehneaal, 2003).

Fig. 4.2is a graph of leucine standards. The FAA increases ripening time (fig. 4.3)
from an approximate minimum value of 0.1 mg leucipecheesé at day Oto an
approximate maximum value of 1.5 mg leucine g ciées day 120 which agrees with
the results of Lane and Fox, (1996) and de&tvdl (2005).
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Statistically, no significant difference (p<0.00&as observed between the cheeses at

different ripening times.

Standard curve of [leucine]

1.40

1.20

1.00 A

0.80

0.60

0.40 1

Absorbance 507 nm

12

[leucine]l in mM

Slope (m) = 0.053

Fig. 4.2Standard curve for determination of free amino s¢ib mg leucine g cheée

245 9 Probahility level: p< 0001

e
=
1

—
m
1

CdMR {mg leucine/y cheese)

=
=
1

Time (days)

O5td B Dhanstyipo B D hans O Yipo B ToeiVipo B Toel O D brxeYipo B O Doy

Fig. 4.3Changes in free amino acids (CANR) (as mg leucicbagsé) over an eight
month ripening period for the eight cheeses.
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4.3.3 UREA-PAGE

4.3.3.1 Water-insoluble nitrogen peptides (WISN)

Primary proteolysis leads to the formation of lamater-insoluble peptides and small
water-soluble peptides (Mooney al, 1998). Mooneet al (1998) also fully or partially
identified the WISN fractions of mature Cheddared®e The principal water-insoluble
peptides are produced either fromg,-CN by chymosin or fromB-CN by plasmin
(McSweeneyet al, 1994; Mooneyet al, 1998).y-caseins acculmulate in all the cheeses
an parak-casein appears to be resistant to proteolysisnangeptides produced from it
have been identified (Fox and McSweeney, 1996).

With UREA-PAGE gels (fig. 4.4 — 4.11) of the WISMétion, thel-CN andas;-CN are
hydrolyzed to peptides. The WISN fraction of thanstard cheese (fig. 4.4) shows that
high amounts of thf-CN?1 fraction as well g8CN (f30- ¢) develop at a later stage of
ripening (day 150-240). The cheeses inoculated yatsts did not display such a strong
development oB-CN?1 andp-CN (f30- ) fractions so clearly seen with thenstard
cheese. This could mean that caseins in the yrastilated cheeses were hydrolyzed
differently compared to the standard cheese. fFé&N derived peptides f29-209 afid
CN f29-+, which are formed due to PL hydrolysidgs*®— Lys”, for all the cheeses are
very light, but development started early on aralitiiensity increased (fig. 4.4 — 4.11).
No other differences could be observed.
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Fig. 4.4Urea-PAGE of the WISN fraction of standard Cheddaese. Lane 1: marker,
Na-caseinate. Lane 2: Day 0. Lane 3: Day 60. Lariza® 90. Lane 5: Day 120. Lane 6:
Day 150. Lane 7: Day 180. Lane 8: Day 240.
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Fig. 4.5 Urea-PAGE of the WISN fraction of Cheddar cheesecutated with
Debaryomyces hansenii Yarrowia lipolytica Lane 1: marker, Na-caseinate. Lane 2:
Day 0. Lane 3: Day 60. Lane 4: Day 90. Lane 5: D29. Lane 6: Day 150. Lane 7: Day
180. Lane 8: Day 240.
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Fig. 4.6 Urea-PAGE of the WISN fraction of Cheddar cheesecutated with
Debaryomyces hansenliane 1: marker, Na-caseinate. Lane 2: Day 0. L&ar2ay 60.
Lane 4: Day 90. Lane 5: Day 120. Lane 6: Day 1%hd 7: Day 180. Lane 8: Day 240.
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Fig. 4.7 Urea-PAGE of the WISN fraction of Cheddar cheeseutated withYarrowia
lipolytica. Lane 1: marker, Na-caseinate. Lane 2: Day 0. [3ari#gay 60. Lane 4: Day 90.
Lane 5: Day 120. Lane 6: Day 150. Lane 7: Day 18@e 8: Day 240.
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Fig. 4.8 Urea-PAGE of the WISN fraction of Cheddar cheesecutated with
Torulaspora delbrueckiit Yarrowia lipolytica Lane 1. marker, Na-caseinate. Lane 2:
Day 0. Lane 3: Day 60. Lane 4: Day 90. Lane 5: D29. Lane 6: Day 150. Lane 7: Day
180. Lane 8: Day 240.
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Fig. 4.9 Urea-PAGE of the WISN fraction of Cheddar cheesecuated with
Torulaspora delbrueckiiLane 1: marker, Na-caseinate. Lane 2: Day 0. LZareay 60.
Lane 4: Day 90. Lane 5: Day 120. Lane 6: Day 13hd 7: Day 180. Lane 8: Day 240.
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Fig. 4.10Urea-PAGE of the WISN fraction of Cheddar cheeseutated withDekkera
bruxellensist Yarrowia lipolytica Lane 1: marker, Na-caseinate. Lane 2: Day 0. [3ane
Day 60. Lane 4: Day 90. Lane 5: Day 120. Lane 6y D80. Lane 7: Day 180. Lane 8:
Day 240.
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Fig. 4.11Urea-PAGE of the WISN fraction of Cheddar cheeseutated withDekkera
bruxellensid.ane 1: marker, Na-caseinate. Lane 2: Day 0. lZarigay 60. Lane 4: Day
90. Lane 5: Day 120. Lane 6: Day 150. Lane 7: D& Lane 8: Day 240.
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4.3.3.2 Water soluble nitrogen peptides (WSN)

Many of the peptides in the water-soluble fractimawve been isolated and identified
(Singh et al, 1995, 1997; Moonewt al., 1998). Most of the peptides from the WSF
(water-soluble fraction) of Cheddar cheese arevddrifrom the N-terminal half off-
casein (especially from residues 53 to 91) witmalker number from the N-terminal half
of agy-casein (Singtet al,, 1997; Sousat al, 2001).

In all the cheese samples (fig. 4.12 — 4.15, 4.4719)B-CN (58-?)fraction is displayed
as a light band. However, in cheese (T+Y) (k€N (58-?) fraction is visible as a dark
and sharp band (fig. 4.16). The intensity of thectionsp-CN (1-?)* andB-CN (1-?)
decreases during ripening of 240 days in all treeshs (fig. 4.12 — 4.19). This is because
the B-CN is hydrolyzed into peptides which in time atettier hydrolyzed during the
ripening process. The fractiofsCN (1-?)* andB-CN (1-?) and fractiofi-CN (45-?) are
still more visible and clearly defined from appnmetely day 90 of ripening in the
cheeses (T+Y) (fig. 4.1&nd (T) (fig.4.17}than in the other cheeses.

In the cheeses (D+Y), (T+Y), (Db+Y) and (Db) (f13, 4.16, 4.18 and 4.19), an extra
peptide band (L) develops during the first 60 dafysipening that is not visible in the
other samples (fig. 4.12, 4.14, 4.15 and 4.17)jtdisappears immediately after 60 days.
It is possible that this peptide L is hydrolyzeddaster rate in the latter cheeses so that it
can no more be detected at 60 days ripening.pf@al (29-?) fraction starts to develop
approximately at day 150 as a very faint band alfp@N (1-?) in (S), (D+Y), (D),
(Db+Y) and (Db) (fig. 4.12 — 4.14 and 4.18 — 4.1BJut the B-CN (29-?) fractions
develop at approximately day 60 for (Y), (T+Y), ((fig. 4.15 — 4.17).

In all the cheeses (fig. 4.12 — 4.19) the followpeptides were affected as follows:
* 0 —is hydrolyzed immediately at day O
* p —is hydrolyzed and the intensity decreases
e ( —isnot hydrozed

* r —is hydrolyzed and disappears
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s —is hydrolyzed and disappears

t —is not hydrolyzed

u —is hydrolyzed and fades away

v — is not hydrolyzed
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Fig. 4.12 Urea-PAGE of the WSN fraction of standard Chedderese. Lane 1. marker,
Na-caseinate. Lane 2: Day 0. Lane 3: Day 60. Lariza® 90. Lane 5: Day 120. Lane 6:

Day 150. Lane 7: Day 180. Lane 8: Day 240.
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Fig. 4.13 Urea-PAGE of the WSN fraction of Cheddar cheesecutaied with
Debaryomyces hanseni Yarrowia lipolytica Lane 1: marker, Na-caseinate. Lane 2:
Day 0. Lane 3: Day 60. Lane 4: Day 90. Lane 5: D2§. Lane 6: Day 150. Lane 7: Day
180. Lane 8: Day 240.
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Fig. 4.14 Urea-PAGE of the WSN fraction of Cheddar cheesecufaied with
Debaryomyces hansenliane 1: marker, Na-caseinate. Lane 2: Day 0. L&areay 60.
Lane 4: Day 90. Lane 5: Day 120. Lane 6: Day 13hd 7: Day 180. Lane 8: Day 240.
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Fig. 4.15Urea-PAGE of the WSN fraction of Cheddar cheeseutated withYarrowia
lipolytica. Lane 1: marker, Na-caseinate. Lane 2: Day 0. [3ari#zay 60. Lane 4: Day 90.
Lane 5: Day 120. Lane 6: Day 150. Lane 7: Day 180@e 8: Day 240.
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Fig. 4.16 Urea-PAGE of the WSN fraction of Cheddar cheesecutaied with

Torulaspora delbrueckit Yarrowia lipolytica Lane 1: marker, Na-caseinate. Lane 2:
Day 0. Lane 3: Day 60. Lane 4: Day 90. Lane 5: D2§. Lane 6: Day 150. Lane 7: Day

180. Lane 8: Day 240.
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Fig. 4.17 Urea-PAGE of the WSN fraction of Cheddar cheesecutaied with
Torulaspora delbrueckiiLane 1: marker, Na-caseinate. Lane 2: Day 0. Lar2ay 60.
Lane 4: Day 90. Lane 5: Day 120. Lane 6: Day 1%hd 7: Day 180. Lane 8: Day 240.
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Fig. 4.18Urea-PAGE of the WSN fraction of Cheddar cheesetutated withDekkera
bruxellensist Yarrowia lipolytica Lane 1: marker, Na-caseinate. Lane 2: Day 0. [3ane
Day 60. Lane 4: Day 90. Lane 5: Day 120. Lane 6y D80. Lane 7: Day 180. Lane 8:
Day 240.
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Fig. 4.19Urea-PAGE of the WSN fraction of Cheddar cheeselitaded withDekkera
bruxellensis Lane 1: marker, Na-caseinate. Lane 2: Day 0. [3ari2gay 60. Lane 4: Day
90. Lane 5: Day 120. Lane 6: Day 150. Lane 7: D& Lane 8: Day 240.
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4.3.4 RP-HPLC analysis

Some differences in terms of peak development agladlation were observed among
the eight cheeses during ripening (fig. 4.20). Gatograms of cheese duplicates were

obtained but only one chromatogram is shown foh&heese.

The chromatograms will be named as follows: (SR (D), (Y), (T+Y), (T), (Db+Y)
and (Db). See section 4.2.1.

Few peptides are detected at day 0 and the elytiofile of peptides did not differ
amongst cheeses. For further discussion, the fiscominly on the peptides that elute in
the region of 10 — 20 min following ripening of thleeeses up to 240 days of ripening.

Specific peptide peaks visible at day 0 are thbsé ¢lute at 10, 13, 17 and 19 min, the
amounts of which are increasing during ripeninge Tgeptide that elutes at 17 min

reaches its peak amount at 60 dagening, after which is disappears.

Two different peptides appear in its place, whithesat 17 and 18 mirespectively. The
development of these two peaks differ amongst teeses. In cheese (S) they are only
visible at 120 — 180 days of ripening; for cheg&®sY) and (Db) they are only visible at
120 days; for cheese (D) at 90 — 120 days; forsdse€Y), (T) and (Db+Y) at days 90 —
150; and for cheese (T+Y) only at 90 days. A singgak at 18 mirelution time is
detected for cheese (T+Y) at 120 — 150 days ohipeand 150 - 180 days for cheese

(D).

Looking at the relative peak heights of the petithat elute at 10, 13, and 19 min, some
differences are visible amongst the cheeses dupeging. In cheese (S), the peak at 10
min is always the highest and the peak at 19 nmenlalvest, except at day 90 when 10
and 13 min are almost equal and at 120 days ohingewhen the peak at 13 min is the
highest. In cheese (D+Y), the peptide eluting atMi® is the highest throughout

ripening. Cheeses which show a similar peptide plalelopment during early ripening
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are cheeses (Db) (days 60), (Db+Y) (days 60 — A0)(@+Y) (days 60 — 120). However,

ripening beyond those stipulated times, the pepteleting at 10 min became the highest
and at 19 min the lowest. Cheeses (Y) and (T) @isplay very similar developments: at
day 60, peptides eluting at 10 and 14 min are agkheight, and higher than the one at
19 min. At 90 days ripening, the relative heights 43>10>19 and after 120 days the

same order is observed as for cheese (Db), (Dba(@+Y).

Based on these results, cheeses can be groupsil &<Y); (Y) and (T) which are very
similar; (Db), (Db+Y) and (T+Y) being very similar.

The chromatograms that follow are named: Fig. &KFOHPLC profiles of the WSN

fraction of cheeses during ripening.
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4 .4 Discussion

Differences have been observed with UREA-PAGE gslsvell as with the RP- HPLC
chromatograms that might help to explain why sotreeses developed bitter compounds
during ripening while other cheeses developed dek&rflavours. PAGE of the WISN
fraction of standard cheese (S) (fig.4.4) showed ithdiffered from the yeast inoculated
cheeses with the development of pepfld€EN (1-?)* after 150 days of ripening. The
WSN fraction of (Y) (fig.4.15) and especially (T§igi4.17) and (T+Y) (fig. 4.16)
developed differently regarding fractighCN (29-?). Peptide L developed in cheeses
(D+Y), (T+Y), (Db+Y) and (Db) at day O (fig. 4.13..16, 4.18 and 4.19). However,
peptide L disappears during ripening and is nodomnsible at 60 days.

No major differences in peptide development asyaseal by UREA-PAGE and HPLC
were observed. This is to be expected, becausshedises were Cheddar type cheeses.
For the HPLC chromatograms the focus was mainlythen peptide peaks that elute
around 10 - 20 min. The relative sizes of the pkppeaks eluting at 10, 14, 17, 18 and
19 min is important in trying to explain sensorpasts. Cheeses (S) and (D+Y) seem to
be unique, (Y) and (T) similar, while (Db), (Db+¥hd (T+Y) are similar at most times

during ripening.

Since FAA and WSN as %TN was not found to be difiérin the cheeses during
ripening, one will have to rely on the results &GE and HPLC. Considering this, at
least cheeses (Y), (T) and (T+Y) showed similaultes which drastically differed from

cheese (D+Y), (S), (Db) and (Db+Y). How these dédfeces may be related to specific

enzyme activity and sensory aspects will be dissigs chapter 5.
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Chapter 5

CONCLUDING DISCUSSION

The rate and extend of proteolysis during Chedtaese ripening will have an effect on
the quality as well as the flavour formation in ebe (Lane and Fox, 1997; Sowetal,
2001). A lot of research has been done towardsadudéion of adjunct yeast species to
help improve ripening of surface ripened cheesesll@te and Fox, 1997; Kailasapathy
and Lam, 2005). De Wiet al, (2005) found that yeasts, when used as adjuncts in
Cheddar cheese processing, may accelerate flaevetagbment. Some yeast species are
known for their proteolytic and lipolytic activiseand are beneficial for the growth of the
starter lactic acid bacteria (Viljoen, 2001). Inlatad yeasts were expected to grow and
compete with other naturally occurring yeasts ie ttheese and have a possible
stimulating action when co-inoculated with staftestic acid bacteria (Guerzoet al,
1998). The aim of this project was to screen yeass®ciated with Cheddar cheese, like
Debaryomyces hanseniYarrowia lipolytica Saccharomyces cerevisja€orulaspora
delbrueckiiand Dekkera bruxellensjsfor protease-, plasminogen activation-, plasmin-
and glutamate dehydrogenase activity and to sekatain yeasts to be inoculated with

SLAB into model cheeses.

Intracellular protease (subtilisin-like) activit9.0 nmol.mift.mg proteif’) was detected
in Candida intermediaTorulaspora delbrueckii, Candida zeylanoideswell as trypsin
like activity (tables 2.4 and 2.6Candida rugosalisplayed subtilisin-like (extracellular
activity) for substrate N-Cbz-Gly-Gly-LepHnitroanilide (table 2.4)Candida intermedia
and Torulaspora delbrueckidisplayed high chymotrypsin-like activitfpebaryomyces
hanseniiand Candida rugosadisplayed lower chymotrypsin-like activity (tab®5).
Analysis of intracellular enzyme activity (>0.1 nhmin™.mg proteifi) of the yeasts
displayed that Yarrowia lipolyticg Candida rugosa Candida zeylanoidesand
Torulaspora delbrueckiposess the ability to activate plasminogen (P@lasmin (PL)
(table 2.7). Yeasts such agarrowia lipolytica Candida intermedia Rhodotorula

mucilaginosa and Torulaspora delbrueckiialso displayed low PL activity (>0.2
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nmol.min*.mg proteii’) (table 2.8). The PG activation- and PL activities
Debaryomyces hansenilyarrowia lipolytica Torulaspora delbrueckiiand Dekkera
bruxellensiswere confirmed by hydrolysis @fcasein in milk resulting in the production
of peptidep-CN 29-?, of which the presence of trypsin-, chyiyyadin-, subtilisin-like
activity in yeasts is not new (Kata@tal., 1995; Lesk and Fordham, 1996; Nareval,
2003). However, this screening exercise added ay&asgts species to the lidtarrowia
lipolytica and Torulaspora delbrueckiboth displayed higher PG activation- and PL

activity than the other yeasts.

Intracellular GDH activity (>9 nmol.mihmg proteift) was displayed iDebaryomyces
hansenij Candida intermedia Rhodotorula minuta Candida rugosa Torulaspora
delbrueckij Candida zeylanoide€andida sake@ndDekkera bruxellensi@able 2.9).

A combination ofYarrowia lipolyticaand Debaryomyces hanserds adjuncts by de Wit
et al, (2005) resulted in accelerated ripening, and it sg@esculated that the enzymes that
contributed to PL activity and amino acid catabmlisould be responsible. It therefore
followed that yeast with PG activation-, PL- and I&Rctivity should be employed in
further investigations.

Four yeast species were chosen according to theynaatic activitities:Debaryomyces
hansenii and Dekkera bruxellensidor GDH activity, Yarrowia lipolytica for PG
activation- and PL activityJorulaspora delbrueckiior GDH- as well as PG activation-
and PL activity. None of th€andidaspecies were considered for the cheese making
process because of their pathogenic tendencieselMideses were manufactured and
inoculated with these yeast species as follows: ((8)hout yeasts and only LAB),
(D+Y), (D), (Y), (T+Y), (T), (Db+Y) and (Db) (all with yeast and LAB). Sensonyda

chemical studies were carried out.
Sensory evaluation indicated thateeses (D+Y), (D), (T), (Db+Y) and (Db) displayed

acceptable sensory development after three morfthgpening. Cheeses (D+Y) and

(Db+Y) displayed acceptable sensory qualities atnsonths of ripening and at nine
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months (S), (D+Y), (Db+Y) and (Db) (tables 3.3, &4dd 3.5). Cheeses inoculated with
(Y), (T) (as separate inoculants) and (S) did nevetbp favourable flavours during

ripening. Only cheeses (D+Y) and (Db+Y) developduedar cheese flavour during

nine months ripening. The moisture content turneidto be a problem which should be
corrected in the future. Neverless this seemsmbgte had a major impact on the aims
of this study. One could immediately derive that thgh protease-, PG activation-, PL-
and GDH activities ofTorulaspora delbrueckiicontributed to the negative sensory

qualities. However, detailed chemical analysis paasued.

Proteoysis during cheese ripening was monitoredldtgrming WSN as %TN, FAA,
electrophoresis of the WISN and WSN fractions ailL& of the WSN fraction. Primary
proteolysis as determined by analysis of the WSBb@s! did not show major statistical
differences (p<0.001). A general increase of WSRtd®N from approximately 0.0003 to
0.0023 % (fig. 4.1wasobserved and is in agreement with the results oeland Fox
(1996) and de Witt al (2005). FAA increases over ripening time (fig. 4.3) from an
approximate value of 0.1 mg leucine g chéeaeday (o an approximate value of 1.5
mg leucine g cheeSavhich agrees with the results of Lane and Fox, §12&d de Wit
et al (2005). No statistically significant differenc§s<0.001) were observed in all the

cheeses for FAA.

UREA-PAGE analysis of the WISN fractioffig. 4.4 — 4.11)showed no major
differences between the cheeses, except for c{&¢s@he main difference is with the
fractionsp-CN ? 1,8-CN (f29-209),8 -CN (f29-¢), and3-CN (f30-¢) that developed later
during ripening in the standard cheese comparettheoyeast inoculated cheeses. This
would indicate that yeast inoculated cheeses dp\difterently compared to the standard

cheese.

In a comparison of the WSN fraction, the main défeces were seen in fractiopsCN
(58-?), L, B-CN (1-?),B-CN (1-?)* andp-CN (45-?) in the cheeses inoculated with
(T+Y), (T), (D+Y), (Db+Y) and (Db) (fig. 4.13 — 49). Thep-CN (58-?) fraction in all
the cheese samples (fig. 4.12 — 4.15, 4.17 — 4s18arely visible, but for cheese (T+Y)
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the fraction can be clearly seen (fig. 4.16heeses (D+Y), (T+Y), (Db+Y) and (Db),
develop an extra peptide band (L) during the Bdays of ripening, which immediately
disappears after 60 days. It is possible thatgbide L is hydrolyzed at a faster rate in
these cheeses so that it can not be detected othibecheeses at 60 days ripening. In all
the cheeses, the intensity of fractiogpsCN (1-?)* andp-CN (1-?) decreased during
ripening which might be because further hydrolygithe 3-CN fraction takes place over
time. TheB-CN (29-?) fraction, which is the result of PL ady, starts to develop
approximately at day 150 as a very faint band alffe@® (1-?) in cheeses (S), (D+Y),
(D), (Db+Y) and (Db), but developed earlier at apgmately day 60, for cheeses (Y),
(T+Y) and (T).

When WSN fractions were analysed by RP-HPLC, tlweigovas mainly on the peptide
peaks that elute around 10 - 20 min. The relatixessof the peptide peaks eluting at 10,
14, 17, 18 and 19 min were deemed important inagwiplg differences. Each cheese (S)
and (D+Y), showed a unique pattern of peptide paekelopment. Futhermore were
cheeses (Y) and (T) similar, while (Db), (Db+Y) a(itY) differed from the former

during ripening.

Taking the overall chemical similarities and diffiaces into account, it can be concluded
that cheese (S) developed in a different manner {PaY) and (Db+Y), while these
differ drastically from cheese (Y), (T) and (T+¥)hen these results are compared with
the sensory propterties, it makes sene that theselsewith the worst sensory quality after
nine months of ripening, are cheeses (T) and (T+ich may be ascribed to a very
high proteolytic activity, not only by PG activatioor PL activity, but also by trypsin-,
chymotrypsin- and subtilisin-like activity, togethaith a high level of amino acid
catabolism by GDH. Cheeses (D+Y) and (Db+Y) dispdlyhe best sensory qualities,
which could be attributed to a balanced contributsd PG activation- and PL activity by
Yarrowia lipolyticaand GDH byDebaryomyces hanserdand Dekkera bruxellensiand

absence of other proteolytic enzymes.
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It might be speculated whether lower amountsTofulaspora delbrueckishould be
inoculated to add to the desired enzymes, howéveas been shown that the presence of
other proteolytic resulted in undesired flavoursal. 2001). Similary, it might be
specultated that the introduction of higher amouwfts’arrowia lipolytica as adjunct
shoud be advantageous, as it does not displaylévgls of other proteases. However, it
may not be forgotten that flavour development is ardy ascribed to the catabolism of
protein, but also lactose and lipids, avdrrowia lipolyticais known for lipase activity
(Roostita and Fleet, 1996).

In the current study a biochemical explanation weched for the accelerated ripening
by (D+Y) as adjuncts. The explanation mainly foclisa proteolysis. In future research,
the catabolism of amino acids, not only by GDH &lgb by aminotransferase andteto-

decarboxylase, should be attempted.
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SUMMARY

Research in cheese technology is devoted towaresmntanipulation of glycolysis,
lipolysis and proteolysis in order to acceleratgening times or to improve flavour.
Evidence suggests that certain yeast specggh as Yarrowia lipolytica and
Debaryomyces hansendontribute to flavour and texture development gimipening of
Cheddar cheese. The addition of yeast culturesdam@ cultures may accelerate
ripening, or lead to improved development of flavand taste. This is brought about by
an increase in primary proteolysis of the casetnwaell as the break down of amino acids
into flavour compounds. This research reports @niticlusion of yeasts as adjuncts in
the processing of Cheddar cheese and a biocheexpdhnation of their utilisation of

caseins.

Twelve yeast species associated with Cheddar cheese screened for plasminogen
activation-, plasmin- and glutamate dehydrogenad®ity. They are Debaryomyces
hansenij Yarrowia lipolyticag Saccharomyces cerevisjdghodotorula glutinisCandida
intermedia Rhodotorula mucilaginosa Rhodotorula minuta Candida rugosa
Torulaspora delbrueckijiCandida zeylanoide€andida sakeand Dekkera bruxellensis
Four yeasts where chosen according to their enagtieity to be inoculated into model
Cheddar cheese together with the starter bactéaigowia lipolytica(for PG activation-
/PL activity), Debaryomyces hanseiffor GDH activity), Torulasprora delbruecki(for
PG activation- /PL activity and GDH activitygnd Dekkera bruxellensigfor GDH
activity).

Yeasts that expressed both enzyme activities wdded as single adjuncts, while
combinations of yeasts with singular enzyme agtiwere employed. Changes during
ripening were monitored by sensory and biochemaadlyses. The latter includes

proteolysis and enzyme activity.
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Sensory tests showed that some of the cheesesodeuebitter flavoursTorulasprora
delbrueckii+ Yarrowia lipolyticg, others Debaryomyces hansenriiYarrowia lipolytica,
Dekkera bruxellensis + Yarrowia lipolytifadeveloped desired flavours during nine
months ripening. Analysis of primary proteolysig,dectrophoresis of water-soluble and
insoluble peptides, and HPLC of water-soluble mstj suggest that cheeses inoculated
with Yarrowia lipolyticaandTorulasprora delbrueckialone orTorulasprora delbrueckii

in combination with other yeasts differed from cdee inoculated witlDebaryomyces
hanseniiand Dekkera bruxellensisNegative flavour development could be ascribed to
high activity of genereal proteases, PG activatin,and GDH, while positive flavour
development to balanced activity of plasminogenvatibn, plasmin and glutamate

dehydrogenase
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OPSOMMING

Die rypwording van kaas bestaan uit 'n reeks biotege prosesse wat, as hulle
gebalanseerd en gesinchroniseerd is, lei tot dimwg van goeie smake en teksture in
die kaas. As dit egter ongebalanseerd is, kanedldorsaak dat afsmake ontwikkel. Drie
biochemiese prosesse (glikolise, lipolise en pi@epis verantwoordelik vir die smaak

vorming van kase.

Navorsing het bewys dat sekere gis spesies ¥ao®wia lipolyticaen Debaryomyces
hanseniikan bydrae tot die geur-, smaak- en tekstuurorkglikg in kase, insluitend
Cheddar. Die giste is bekend vir hulle proteol#éies lipolitiese aktiwiteit en het ook 'n

stimulerende uitwerking op die groei van melksuutbaeé.

Twaalf gis spesies, wat geassosieer word met Ché@da@das, is getoets vir plasminogeen
aktiverings -, plasmien- en glutamate dehidrogersdmviteit. Hulle is Debaryomyces
hansenij Yarrowia lipolyticag Saccharomyces cerevisjdghodotorula glutinisCandida
intermedia Rhodotorula mucilaginosa Rhodotorula minuta Candida rugosa
Torulaspora delbrueckiiCandida zeylanoideandida sakesn Dekkera bruxellensis
Volgens die resultate is vier gis spesies gekiessaam met die melksuurbakterieé
ge-inokuleer te word in model Cheddar kasatrowia lipolytica(vir PG aktivering- /PL
aktiwiteit), Debaryomyces hanserfirir GDH aktiwiteit), Torulasprora delbruecki{vir
PG aktivering - /PL aktiwiteit en GDH aktiwiteign Dekkera bruxellensigvir GDH

aktiwiteit).

Giste wat twee of meer ensiem aktiwiteite getoon) isealleen bygevoeg, terwyl giste
met 'n enkel ensiem aktiwiteit in kombinasies gédbris. Veranderings gedurende
rypwording is gemonitor deur sensoriese en biochsenanalises, wat proteolitiese- en
ensiem aktiwiteite insluit.
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Sensoriese analise het getoon dat sekere gis gelémode kase Tlrulasprora
delbrueckii + Yarrowia lipolyticg bitter smake ontwikkel het, terwyl ander
(Debaryomyces hansenit Yarrowia lipolytica, Dekkera bruxellensis + Yarrawi
lipolytica) goeie smake gedurende die nege maande rypworgidggvorm het. Analise
van primére proteolise, deur elektroforese van mapdosbare en onoplosbare peptiede
en HPLC van water oplosbare peptiede, het voorgeke kase geinokuleer met
Yarrowia lipolytica en Torulasprora delbrueckialleen of Torulasprora delbrueckiin
kombinasie met ander giste verskil het van kase mett Debaryomyces hansengn
Dekkera bruxellensigeinokuleer is. Negatiewe geur ontwikkeling karesveveens hoé
aktiwiteit van proteases, PG aktivering, PL en GDgtiwyl positiewe geur ontwikkeling

kan wees weens gebalanseerde aktwiteit van PGeakigy PL en GDH.
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ABSTRACT

A great deal of research in cheese technology vetdd towards the manipulation of
glycolysis, lipolysis and proteolysis in order tocaelerate ripening times or to improve
flavour. There is increasing evidence that cery@ast species contribute to flavour and
texture development during ripening of certain &ese including Cheddar cheese. The
addition of yeast cultures as adjunct cultures @agelerate ripening, or lead to a faster
development of flavour and taste. This is broughtud by an increase in primary
proteolysis of the caseins as well as the breakndofv amino acids into flavour
compounds. The respective enzymes involved seellvetproteases with plasmin or

plasmin activator activity, and glutamate dehydrage.

This research reports on the inclusion of yeastsdamcts in the processing of Cheddar
cheese. Yeasts that expressed both enzyme astiwitiee added as single adjuncts, while
combinations of yeasts with singular enzyme agtiwere employed. Changes during
ripening were monitored by sensory and biochemaadlyses. The latter includes

proteolysis, lipolysis and enzyme activity.
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Addendum 1

DAIRY PRODUCT EVALUATION FORM

SUDAIVISION. ..o e
Class NUMDET ... e e

INSCRIBE POINTS ALLOCATION FRAGRANCE JUDGE'S TOTAL
APPEARANCE | BUILD AND OUT OF 11 REMARK | OUT OF 20
AND COLOUR TEXTURE

DATE.....ccco i
APPEARANCE BUILD AND TEXTURE SMELL
VERY GOOD 3 6;5 11; 10; 9
GOOD 2 4:3 8:7:9
WEAK 1 2;1 5,4,3;2;1
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ABSTRACT

A great deal of research in cheese technology is devoted towards the manipulation of
glycolysis, lipolysis and proteolysis in order to accelerate ripening times or to
improve flavour. There is increasing evidence that certain yeast species contribute to
flavour and texture development during ripening of certain cheeses, including
Cheddar cheese. The addition of yeast cultures as adjunct cultures may accelerate
ripening, or lead to afaster development of flavour and taste. Thisis brought about by
an increase in primary proteolysis of the caseins as well as the break down of amino
acids into flavour compounds. The respective enzymes involved seem to be proteases

with plasmin or plasmin activator activity, and glutamate dehydrogenase.

This research reports on the inclusion of yeasts as adjuncts in the processing of
Cheddar cheese. Y easts that expressed both enzyme activities were added as single
adjuncts, while combinations of yeasts with singular enzyme activity were employed.
Changes during ripening were monitored by sensory and biochemica analyses. The

latter includes proteolysis, lipolysis and enzyme activity.

KEYWORDS: Y east, Plasmin, Glutamate dehydrogenase, Cheddar cheese.
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