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Abstract

|. Abstract

The overall objective was to study the influencepobbiotic organisms on the
proteolytic pattern, sensory evaluation and reledd®oactive peptides in Cheddar cheeses.
The study consists of three main parts. The fiest pf the study aimed at development of
Cheddar cheeses with the addition of probiotic oigyas. Three batches of Cheddar
cheeses including a control cheese with startetodacci only (Batch 1M) and two
probiotic cheeses with starter lactococci and mibiorganisms includingifidobacterium
longum 1941, Lactobacillus casei 279 andLb. acidophilus 4962 (Batch 2M) oB. animalis
subsp.lactis LAFTI®B94, Lb. casei LAFTI®L26 andLb. acidophilus LAFTI®L10 (Batch
3M) were made. In a separate experiment, severndmtof Cheddar cheeses including a
control cheese with starter lactococci only (Bait¢rand six probiotic cheeses with starter
lactococci and probioti8. longum 1941 (Batch 2)B. animalis subsp.lactis LAFTI®B94
(Batch 3),Lb. casei 279 (Batch 4)Lb. casei LAFTI®L26 (Batch 5),Lb. acidophilus 4962
(Batch 6) orLb. acidophilus LAFTI®L10 (Batch 7) were made. All cheeses were made in
triplicate and ripened at 4°C for 24 wk to studg thfluence of the probiotic adjuncts on
proteolytic patterns and organic acid profileshef theeses.

The probiotic bacteria were added as an adjundtheg with the starter lactococci
and no alteration in the cheese-making procedurs mecessary for incorporation of
probiotic organisms into Cheddar cheese. The ptichédljuncts survived at high levels at
the end of cheese-making process (8.0 - 9. kefg g%). They were also able to maintain
viability at > 7.5 logo cfu g at the end of ripening at’@ for 24 wk. The counts of
lactococci in the cheeses decreased by one todg& dt the end of ripening, but counts
were not significantly differentR > 0.05) between the control and probiotic cheeses.
Addition of probiotic organisms did not alter thengposition of cheeses (fat, protein,
moisture, salt contents), but acetic acid concéntran probiotic cheeses (Batches 2M &
3M) was significantly higher than that of the cahtcheese (Batch 1M). Assessment of
proteolysis during ripening showed that the conegioins of trichloroacetic acid-soluble
nitrogen (TCA-SN) and phosphotungstic acid-solublrogen (PTA-SN) in probiotic
cheeses (Batches 2M & 3M) were significantly hig{fex 0.05) than those of the control
cheeses (Batch 1M). Hydrolysis af;-casein (CN) in the cheeses was 19.28, 46.99 and
63.42 after 24 wk of ripening in Batch 1M, Batch 2id Batch 3M, respectively. The
results show that Cheddar cheeses can be an edfecthicle for delivery of probiotic

organisms to the consumer.
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Each probiotic organisms influenced the organid guiofiles and the proteolytic
pattern of Cheddar cheese in different ways. Acatid concentration in probiotic cheeses
with B. longum 1941, B. animalis subsp.lactis LAFTI®B94, Lb. casel 279 orLb. casal
LAFTI®L26 (Batches 2-5) was higher as compared to otheeses. Cheeses made with the
addition ofLb. casei 279 (Batch 4) and.b. casei LAFTI®L26 (Batch 5) showed higher
level of as;-CN and B-CN hydrolysis when compared to other cheeses. oafih
Bifidobacterium sp. was found to be weakly proteolytic, cheesdh tie addition of that
species had the highest concentration of PTA-SN.

The sensory properties of the probiotic Cheddaesbg were assessed after ripening
for 9 months at %C. Probiotic cheeses except those With acidophilus 4962 (Batch 6)
were found to be significantly differenP < 0.05) from the control cheeses made without
any probiotic organism (Batch 1). The acceptabsitpres among the cheeses, however,
were not significantly different except for thattlwlLb. casei 279 (Batch 4). Acceptability
scores of cheese witlh. casel 279 (Batch 4) was significantly lowelP € 0.05) than that of
the control cheese with bitterness and sour-acste tas the major defects. Although
concentration of acetic acid in probiotic cheeses Wwigher than the control cheese, there
was no significant correlation between the sensonres of vinegary and the acetic acid
concentration® > 0.05). Scores of vinegary also did not influetioe acceptability of the
cheesesH > 0.05). Increase proteolysis in probiotic chealidsot influence the scores of
Cheddary attributeR > 0.05). There were positive correlatior’d € 0.05) between the
scores of bitterness and the level of water-solalifegen. The sensory results showed that
some of the probiotic microorganims used in thisdgtcan be applied successfully in
Cheddar cheeses with acceptable sensory profiles.

The increase in proteolysis in cheeses with thetiaddof probiotic organisms
indicated that more peptides were released intoptiebiotic cheeses. The angiotensin
converting enzyme (ACE)-inhibitory activity of theater soluble extract (WSE) of cheeses
was determined during ripening &C4 The 1Go (concentration of ACE-inhibitory peptides
needed to inhibit 50% of ACE activity) was the |lewvafter 24 wk of ripening in the
probiotic cheeses (0.20 - 0.29 mg MLcompared to 36 wk for cheeses without any
probiotic (0.28 — 0.31 mg mt). Cheeses made witth. casei 279 (Batch 4) oLb. casel
LAFTI®L26 (Batch 5)with the highest degree of proteolysis and a coctieese (Batch 1)
were selected for isolation and purification ofdmtve peptides. Water soluble extracts of
each cheese were subjected to several stages ahatugraphic fractionation. Inhibitory
activity found in the crude fractions ranged froml @ 2.0 mg mL. Fractions with the

highest activity were purified using a second stalgeomatography. Various ACE-
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inhibitory peptides corresponding to thg-casein [(f 1-6), (f 1-7), (f 1-9), (f 24-32) anfl (
102-110)] and3-casein [(f 47-52) and (f 193-209)] were identifigdur results suggested

that ACE inhibition in Cheddar cheeses was depdnderproteolysis to a certain extent.

ProbioticsLb. casei 279 orlLb. casei LAFTI®L26 used in this study have the potential to
improve the ACE-inhibitory activity of Cheddar clses.

The second part of the study investigated the eémfte of ripening temperatures at 4
and 8C on the viability of probiotic organisms, compasit of cheeses, production of
organic acids, proteolytic pattern, sensory charatics and ACE-inhibitory activity of
Cheddar cheeses. Seven batches of Cheddar cheesesnade in triplicate as in part |
(Batches 1-7). The cheeses were divided into twalggortions and assigned to ripening at
4 and 8C for 24 wk. The moisture content and pH of cheeses decreageificintly after
ripening for 24 wk, depending on the probiotic adjis and ripening temperature usBd<(
0.05). Ripening at € accelerated the loss of starter lactococci aspeoed to 4C. The
counts of starter lactococci in cheeses producéd Bvianimalis LAFTI®B94 subsplactis,

Lb. casei LAFTI®L26 or Lb. acidophilus 4962 ripened at 8°C were significantly lower than
that ripened at 4°CP(< 0.05) at 24 wk. Probiotic organisms remained & the end of
24 wk and their viability was not affected by theening temperatured?(> 0.05). There
were significant effects of the type of probioticganisms used, ripening time, ripening
temperatures and their interactions on the conagoitr of lactic, and acetic acids in the
cheesesH < 0.05). Lactic acid concentration was the highestheeses witlhb. casei 279

or Lb. casei LAFTI®L26 ripened at &. The acetic acid concentration in cheeses matie wi
Bifidobacterium sp. orLb. casel sp. was significantly higher than that of the cohtheese
(P < 0.05). Citric, propionic and succinic acids caonge of the cheeses were not
significantly affected by the type of probiotic argsms or ripening temperatures used (
0.05).

Ripening at 8 as compared t0°@ also increased the level of proteolysis of the
cheeses. Product of proteolysis and organic aeldased during ripening were shown to be
important for the flavour of Cheddar cheeses. Thesxe positive and significant
correlations between the levels of soluble nitroglattic, acetic and butyric acids,
percentage hydrolysis af;;-CN andp-CN to the scores of cheddary flavol € 0.05).
Scores for sour-acid and vinegary were higher ireesbs with the addition of
Bifidobacterium sp. or Lb. casel 279 ripened at €. The scores were positively and
significantly correlated to the level of lactic,etic and free amino acids in the chee$es (
0.05). ACE-inhibitory activity of the cheeses ripénat 4 and ® was maximum at 24 wk

and remained relatively constant after that perfddeeses made with the additionLddf
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casel 279,Lb. casei LAFTI®L26 or Lb. acidophilus LAFTI®L10 had significantly higher
< 0.05) ACE-inhibitory activity than those withoahy probiotic adjunct after 24 wk at 4
and 8C. The IG, of cheeses ripened at 4°C was not significanffgdint @ > 0.05) to that
ripened at 8°C. The lowest value of thed(®.13 mg m[') and therefore the highest ACE-

inhibitory activity corresponded to the cheese madtd the addition ofLb. acidophilus
LAFTI®L10 ripened at 8°C. Several ACE-inhibitory peptidesm WSE of cheeses with
Lb. acidophilus LAFTI®L10 were isolated and identified @CN (f 96-102),0s-CN (f 1-
9), 0s-CN (f 1-7), 05-CN (f 1-6), 051-CN (f 24-32) and3-CN (f 193-209). Most of the
ACE-inhibitory peptides accumulated during ripeniagd as proteolysis proceeded, some
of the peptides were hydrolyzed into smaller peggtidrhe results of the second part of the
study showed that both 4 an@C8can be used for ripening of probiotic Cheddareshks.
Cheeses made with.b. acidophilus LAFTI®L10 also had good potential for the
development of Cheddar cheeses with bioactive ptiese Cheeses made withb.
acidophilus LAFTI®L10, however, was not the cheeses with the highest of proteolysis.
Part 3 of the study investigated the use of elevdfeening temperature of 32 and
the addition of a highly proteolytic strain bb. helveticus to improve the proteolysis and
the ACE-inhibitory activity of probiotic cheeses deawith Lb. acidophilus LAFTI®L10
adjunct. Cheddar cheeses were made with startévctaari (control),Lb. acidophilus
LAFTI®L10 and starter lactococci (L10) dub. acidophilus LAFTI®L10, Lb. helveticus
H100 and starter lactococci (H100). The counts mbjptic organisman L10 cheeses
remained at >10cfu g* after 24 wk of ripening at 4, 8 and 12°C. Concatiins of lactic,
acetic and propionic acids of the L10 and H100 sksevere significantly higher than those
of the control cheeses after 24 wk of ripenim®) { 0.05). Proteolysis of the cheeses
improved as the ripening temperature increased. WISM-SN and PTA-SN of L10 and
H100 cheeses were significantly higher than thos¢he control cheeses (< 0.05).
Increase in ripening temperature frofiC4o 8 and 12 increased the percentage of ACE-
inhibition. The IGo value among cheeses ripened at 4, 8 and 12°C, Vieoweas not
significantly different P > 0.05). Addition ofLb. helveticus H100 did not further improve
the proteolysis and the ACE-inhibitory activity thie probiotic cheeses. Overall results of
the study showed that some probiotic organisms usedhis study can be added
successfully in Cheddar cheeses with acceptablanargacid, proteolysis and sensory
profiles. Addition of probioticLb. casei 279, Lb. casei LAFTI®L26 andLb. acidophilus
LAFTI®L10 has the potential to improve the ACE-inhibitastivity of Cheddar cheeses.
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Introduction to Thesis

1.0 Introduction to Thesis

Cheese consumption and production continue to asereover the past decades
(Dairy Australia, 2006). The popularity of cheese attributed to its great taste, the
availability of new and different varieties, coniamce and versatility of use, and its
nutritional value. More than 300 varieties (eAmerican, Cheddar, Mozzarella, Colby) of
cheese are available in various flavours and fof@g., chunks, slices, cubes, shredded,
grated/crumbled, string/stick, spreads), and paekag meet consumers needs (Fox &
McSweeney, 2004). Cheese contains a high concemtratf essential nutrients, in
particular high quality protein and calcium, as ad other nutrients such as phosphorus,
zinc, vitamin A, riboflavin, and vitamin B12. In diion to its nutritional contribution to the
diet, consumption of cheese has been demonstratedduce the risk of dental caries
through various mechanisms (Kashket & DePaola, RORbened type cheeses, such as
Cheddar, contain little or no lactose. For thissoga cheese can also be an important source
of calcium and many other nutrients found in mibk factose maldigesters or persons who
have difficulty digesting lactose or milk sugar é8ez et al., 1998).

Probiotic bacteria are defined as ‘living microargans, which upon ingestion in
certain numbers exert health benefits beyond imttdrasic nutrition’ (Ross et al., 2002). A
number of health benefits for product containingg Iprobiotic bacteria have been claimed
including alleviation of symptoms of lactose intalece, treatment of diarrhea,
anticarcinogenic properties, reduction of bloodlekterol and improvement in immunity
(Ballongue, 1993; Shah & Wu, 1999; Shah, 2000&@h levels of daily consumption of
probiotic bacteria, however, are required to cohflth benefits. For dietary cultures to be
beneficial in food systems, they are expected tovibble in the food until the time of
consumption and present at levels of at leastvidble cells per gram or milliliter of a
product (Ishibashi & Shimamura, 1993). For thissweg it is important to know changes in
the numbers of viable bacteria during storage perio

A number of food products including yoghurt (Kadaathy & Rybka, 1997), frozen
fermented dairy deserts (Ravula & Shah, 1998apysdried milk powder (Stanton et al.,
2001), cheeses (Stanton et al., 2001), ice creaayngs & Playne, 2002), coleslaw
(Rodgers & Odongo, 2002), freeze-dried yoghurt @apet al., 2006) and fruit juices
(Saarela et al., 2006) have been employed as dgelahicles for probiotics to consumer.

The most popular food delivery systems for probmthave been fermented milk and
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yoghurt. There are, however, numerous challeng&gerke to the instability of some
probiotic strains in these products. The condittgpical of many yoghurts and other
fermented milk including the low pH and the aerolmienditions of production and
packaging, the presence o$® and inhibitory substances produce by the stametenia
may result in decreases in the count of probiatithie final product. A few studies have
shown that many commercial products have failesuttzessfully deliver the required level
of viable cells of probiotic bacteria (Shah & Lapki#hra, 1997; Dave & Shah, 1997).

Cheeses have a number of advantages over fresbrferdhproducts such as yoghurt
as a delivery system for viable probiotic to gastiestinal (Gl)-tract in that cheeses have a
higher pH and a more solid consistency, where th&imof the cheese and its relatively
high fat content may offer protection to probiobacteria during passage through the
gastrointestinal tract. Cheeses also have highéering capacity than yoghurt (Gardiner et
al., 1999). Cheddar cheeses, however, have a lpegimg time, hence development of
probiotic Cheddar cheeses requires careful exammaif the suitability of particular
strain(s) to maintain viability throughout ripeniagd shelf life (Ross et al, 2002).

A number of studies have addressed developmentralbigiic cheeses using
Canestrato Pugliese cheese (Corbo et al., 200Eddain cheese (Dinakar & Mistry, 1994;
Gardiner et al., 1998; Daigle et al., 1999; McBrgast al., 2001; Phillips et al., 2006),
cottage cheese (Blanchette et al., 1996), Crescemzese (Gobbetti et al., 1997), Fresco
soft cheese (Vinderola et al., 2000), goat che€sens & Malcata, 1998), Gouda cheese
(Gomes et al.,, 1995), Minas fresh cheese (Buritiaket 2005a,b), semi-hard cheese
(Bergamini et al., 2006) and white cheese (Kasimnagl al., 2004). While some studies
have shown adequate survival of probiotic bactesthers have found low counts of
probiotic bacteria in cheeses (Blanchette et 8061 McBrearty et al., 2001). These studies
demonstrated that cheeses can be a potentialrckanriprobiotic bacteria to the consumer.
The capability of probiotic organisms to survivedaperform well in cheese, however,
varies from strain to strain.

Six probiotic organisms have been selected for pinggect includingB. longum
1941, Lb. casei 279, Lb. acidophilus 4962,B. animalis LAFTI®B94, Lb. casei LAFTI®L26
and Lb. acidophilus LAFTI®L10. Probiotic B. longum 1941, Lb. casei 279 and Lb.
acidophilus 4962 were obtained from Victoria University cultu@lection (Werribee, Vic,
Australia), while LAFTf probiotic bacteria including. animalis subsplactis LAFTI®B94
(was previously classified & lactis LAFTI®B94), Lb. casei LAFTI®L26 (was previously
classified ad.b. paracasei LAFTI®L26) andLb. acidophilus LAFTI®L10 were provided by
DSM Food Specialties (Moorebank, NSW, AustraliaheTprobiotic organisms were

2
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selected on the basis of their acid and bile tolega adhesion to intestinal cell line,
anticarcinogenic properties, oxygen sensitivityd #meir ability to modify gut microflora of
human subjects (Lankaputhra & Shah, 1998; McIntd€899; Crittenden et al., 2001;
Pidcock et al., 2002; Liong & Shah, 2004). One le¢ broad aims of this study was to
develop probiotic Cheddar cheeses using the sdlgetiiotic organisms and to study the
influence of these organisms on product qualitypanticular the proteolytic pattern of the
cheeses.

Proteolysis is one of the most complex biochemmatnts which occur during
cheese ripening. Proteolysis in probiotic Cheddeareses is catalysed by proteinases and
peptidases from several sources including indigerenzyme from the milk, coagulant,
starter lactic acid bacteria (SLAB), non-startasti@acid bacteria (NSLAB) and probiotic
adjuncts. The activities of these enzymes hydrobaseins dsi-, os>, f- andk-casein) to
smaller peptides and amino acids, which contrikatavour and texture of the cheeses
(McSweeney & Sousa, 2000).

In addition to the role of these enzymes to ovepabteolysis during cheese
ripening, they may also contribute to a releasebiofogically-active peptides such as
angiotensin converting enzyme (ACE)-inhibitory pédes. ACE (peptidyldipeptide
hydrolase, EC 3.4.15.1) plays a crucial role in tlegulation of blood pressure and
cardiovascular function. ACE converts the inactileapeptide angiotensin-I by cleaving
dipeptide from the C-terminus into angiotensinallpotent vasoconstrictor. Angiotensin-II
is also involved in the release of a sodium-retgjrsteroid, aldosterone, from the adrenal
cortex, which has a tendency to increase bloodspregJohnston, 1992). In the Kallikrein-
Kinin system, ACE catalyses the degradation of Ydamin, a vasodilatory nonapeptide (Li
et al., 2004). Inhibition of ACE is thus consideraduseful therapeutic approach in
treatment of hypertension.

The first reported competitive inhibitor of ACEtlse naturally occurring peptides in
snake venom (Ondetti et al., 1971). Smacchi andb@&itib(1998) reported that peptides
isolated from Italian cheeses (Crescenza, Gorganzblozzarella and Italico) were
effective in reducing activity of ACE. Some ACE-ihltiory peptides have also been
isolated from other cheese varieties such Parm@sideo et al., 1992), Gouda (Saito et al.,
2000), Cheddar (Ryahanen et al., 2001), Manchegm@z-Ruiz et al., 2002) and cheese
prepared by commercial enzymes (Neutfasmd Debitras® and Lb. casei enzymes
(amino peptidase) (Haileselassie et al., 1998)ddte, only a few studies have investigated
the release of ACE-inhibitory peptides in cheesemlenwith the addition of probiotic
bacteria.
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Cheddar cheese ripening is a lengthy and costlggs Hence, any decrease in
ripening time, without adversely affecting flavoand texture, would be of considerable
economic benefit. The biochemical reaction whichagates flavour compounds or flavour
precursors in cheese is accelerated by increaBagpening temperature. Thus, the use of
elevated ripening temperature can provide a tecgmmlly simple method to achieve a
significant acceleration of cheese ripening (Lawp®. The growth of most NSLAB,
however, increases with higher ripening temperatackfermentation of lactose by NSLAB
produces organic acid by-products such as fornoeti@ butyric and propionic acids (Fox
et al., 1993). Excess of these compounds impagdlévour balance of Cheddar cheeses.
An appropriate ripening temperature is thus requife the development of probiotic
Cheddar cheeses with an optimum quality.

Addition of highly proteolytic strain of lactic atibacteria (LAB) has also been
reported to improve proteolysis of Cheddar cheddeshelveticus added as adjunct starter
was previously shown to lyse during Cheddar chegsning releasing its intracellular
enzymes, which led to an increase in proteolystsiarproved cheese flavour (Kiernan et
al., 2000). The proteolytic activity dfb. helveticus has also been related to the release of
biologically-active peptides present in certainnfented milk products (Nakamura et al.,
1995; Yamamoto et al., 1999; Seppo et al., 2008|damg et al., 2003).

The specific aims of this project were:

1. to incorporate the selected probiotic organism€Eireddar cheeses and examine the
performance of these organisms in terms of theivigal during cheese-making and
ripening;

2. to investigate the influence of probiotic organisomsproduct quality as assessed by the
composition of the cheeses, the proteolytic pattdra organic acid profiles and the
sensory evaluation of the cheeses;

3. to investigate the influence of probiotic organismmsthe ACE-inhibitory activity of the
cheeses and to isolate and identify ACE-inhibitpeptides derived from the probiotic
cheeses;

4. to study the effect of ripening temperatures onwiadility of probiotic organisms, the
proteolytic pattern, organic acid profiles, sensdmgracteristics and the ACE-inhibitory
activity of the cheeses;

5. to investigate the effectiveness d&b. helveticus adjunct and elevated ripening
temperature to further improve the proteolysis #mel ACE-inhibitory activity of the

probiotic cheeses.
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With respects to the content of this thesis, Chiapi@ contains reviews of literatures
and other relevant issues affecting this fieldesfearch. Chapters 3.0 and 4.0 report on the
development of probiotic Cheddar cheeses usingéelected probiotic organisms (used in
combination or as individual strain). The influenoé the probiotic organisms on the
proteolytic pattern and organic acid profiles ofe@Har cheeses is also discussed in
Chapters 3.0 and 4.0. Chapter 5.0 focuses spdlyifamathe sensory evaluation of Cheddar
cheeses made with the addition of the probioti@aoigms. Chapter 6.0 examines the ACE-
inhibitory activity of the probiotic Cheddar chesselhe methods developed for the
isolation and purification of ACE-inhibitory pepéd from probiotic Cheddar cheeses are
also detailed in Chapter 6.0. Chapter 7.0 exantimesnfluence of ripening temperatures of
4 and 8°C on the proteolytic pattern, organic geufiles, sensory characteristics and ACE-
inhibitory activity of probiotic Cheddar cheeseshapter 8.0 investigates methods to
improve the proteolysis and the ACE-inhibitory wityi of probiotic Cheddar cheeses
through the use of elevated ripening temperatudeaaidition of a highly proteolytic strain
of LAB. Base on the results from Chapters 3.0 @ 8&e conclusions of the study are
summarized in Chapter 9.0. Future directions oéaesh are discussed in Chapter 10.0 and
references are listed in Chapter 11.0. Finally,f@#ral12.0 is the appendices where samples
of chromatograms and other relevant data neededgport the main results of the study

are included.
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2.0 Literature Review

2.1. Probiotic organisms

The concept of probiotic was first introduced byeBMetchnikoff, who observed
that the consumption of fermented milk could regemitrefactive effects of the gut
microflora (Metchnikoff, 1907). The term ‘probiotizvas, however, first used by Lilly
and Stillwell (1965) to describe “substances secreby one microorganism which
stimulated the growth of another”. Parker (1974)irgs probiotic as “organisms and
substances which contribute to intestinal microbabnce” and Fuller (1989) redefined
probiotic as “a live microbial feed supplement whizeneficially affects the host animal
by improving its intestinal microbial balance”. Retly Ross et al. (2002) defined
probiotic as “living microorganisms, which upon @sgion in certain numbers exert health
benefits beyond inherent basic nutrition”. Sectlbd briefly reviews the history and
health benefit of probiotic bacteria including gsrifidobacterium (section 2.1.1) and
genusLactobacillus (section 2.1.2), the selection criteria for pratgi@rganisms (section

2.1.3) and application of probiotic organisms inddsection 2.1.4).

2.1.1 Characteristics of genuBifidobacterium

Bifidobacteria are normally found in the gastraesttnal (Gl) tract of humans and
other animals. These bacteria are Gram positivehand a rod like appearance that tend
to be clubbed with branch, forming the ‘y’ shapedis as shown in Figure 2.1a. The
microorganism was first isolated from the faecedrefast-fed-infants and was described
asBacillus bifidus at the Institute Pasteur by Tissier in 1899 (Baijlee, 2004). In 1923
the first edition of Bergey’s Manual of DeterminaiBacteriology introduced the name
Lactobacillus bifidus (Bergey et al., 1923), and a year later Orla-Jerm®posed an
independent genusBifidobacterium (Orla-Jensens, 1924). In 1968, De Vries and
Stouthamer demonstrated the presence of fructggesphate phosphoketolase (F6PPk)
in bifidobacteria and the absence of aldolase dancdoge-6-phosphatase dehydrogenase,
two enzymes found in lactobacilli. The independgenus was later accepted in 1974 in

the eight edition of Bergey’'s Manual of Determinati Bacteriology (Buchanan &
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Gibbons, 1974). Presently there are 30 specidsded in the genuBifidobacterium, 10
of which are from human sources and 17 from imestiracts of animal or rumen (Table
2.1). Of these, six species from human origlisadolescentis, B. breve, B. bifidum, B.

lactis, B. infantis andB. longum have been used in dairy products (Boylston eR@D4).

Figure 2.1. Micrograph of (a)Bifidobacterium brevis (bar 1 um), (blLactobacillus casel
(bar 1 pm) and (c)actobacillus acidophilus (bar 1 pm).images are from SciMAT Photo
Researchers, Inc.

Due to metabolic capacities of bifidobacteria, tlaeg often included in the lactic
acid bacteria (LAB) family, even though they areg/lplenetically distinct with a high G
+ C (42%-67%) content and belong to the familyAdtiinomycetaceae (Klein et al., 1998).
To successfully develop food product containingidoibacteria, it is important to
understand the growth characteristics of the osyasiso that processing conditions can
be manipulated to optimize their survival. Bifidaberia are obligate anaerobes with an
optimum growth temperature of 37°C to 41°C. Certiains of bifidobacteria including
B. infantis, B. breve and B. longum may have a mechanism by which they can avoid the
toxicity of oxygen, as shown by their limited metéb activity and production of acid
under aerobic conditions (Shimamura et al., 19@})timum growth of bifidobacteria
occurs at pH 6.5 to 7.0. The growth of bifidobaietes inhibited below 5.0 or above 8.0
and is species and strain specific. Lankaputhra @inah (1995) reported that under
condition of typical digestion (pH 1.5-3.@, longum 1941 andB. pseudolongum 20097
were more tolerant to the acid conditions thandtier seven strains of bifidobacteria
evaluated.

It has now been conclusively demonstrated that dBifnéobacterium strains can
survive intestinal transit and persist transiemghin the colon (Fujiwara et al., 2001;
VVon Wright et al., 2002). The organisms used adiptics to date appear to be safe. The

therapeutic roles of bifidobacteria in animal modetl in human are due to four major
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mechanisms including modulation of the host immsgstem (Saavedra & Tschernia,

2002), resistance to infectious diseases such asnsigrotavirus diarrhoea and

enteropathogens (Shu et al., 2001), control ohmfhatory bowel disease such as Crohn’s
disease, ulcerative colitis and pouchitis (Marte2002) and prevention of cancer

(Yazakawa et al., 2001; Li et al., 2003).

Table 2.1.List of species of the geneB#fidobacterium andLactobacillus

Bifidobacteriumsp.

Lactobacillussp.

B. adolescentis B. indicum Lb. acetotolerans Lb. fermentum Lb. orisa

B. angulatum B. infantis Lb. acidophilus Lb. fructivorans Lb. parabuchneri

B. animalis B. lactis Lb. agilis Lb. fructosus Lb. paracasel

B. asteroides B. longum Lb. alimentarius Lb. gallinarum Lb. pentosus

B. bifidum B. magnum Lb. amylophilus Lb. gasseria Lb. pontis

B. boum B. merycicum Lb. amylovorus Lb. graminis Lb. plantarum

B. breve B. minimum Lb. avarius Lb. halotolerans Lb. reuteria

B. catenulatum B. pseudocatenulatum  Lb. bifermentans Lb. hamsteri Lb. rhamnosus

B. choerinum B. pseudolongum Lb. brevisa Lb. helveticus Lb. ruminis

B. coryneforme B. pullorum Lb. buchneri Lb. hilgardii Lb. sake

B. dentium B. ruminantium Lb. casel subspcasel  Lb. jensenii Lb. salivarius

B. cuniculi B. saeculare Lb. collinoides Lb. Johnsonii Lb. sanfrancisco

B. gallicum B. subtile Lb. confusus Lb. kandleri Lb. sharpeae

B. gallinarum B. suis Lb. coryniformis Lb. kefir Lb. suebicus

B. globosuma B. thermophilum Lb. crispatus Lb. kefiranofaciens Lb. vaccinostercus
Lb. curvatus Lb. malefermentans Lb. vaginalis
Lb. delbrueckii Lb. mali Lb. viridescens
Lb. farciminis Lb. minor Lb. homohiochii

Lb. murinus Lb. intestinalis

Adapted from Gomes and Malcata (1999)

2.1.2 Characteristics of genukactobacillus

At the same time as Tissier, who discoveBadillus bifidus, Moro discovered a

bacterium different from that of Tissier, which lentified as belonging to the genus
Lactobacillus. Lactobacilli are in general characterized as Grawsitive, non-
sporeforming, non-flagellated rods or coccoba¢Higures 2.1b & 2.1c). Some species
are aerotolerant and may utilize oxygen throughatheyme flavoprotein oxidase, while
others are strictly anaerobic. The growth of laatlt is optimum at pH 5.5-5.8 and the
organisms have complex nutritional requirementsaimino acids, peptides, nucleotide
bases, vitamins, minerals, fatty acids and carb@tgd (Axelsson, 2004). The genus is
divided into three groups based on fermentatiotepad including (1) homofermentative
than 85%

heterofermentative (which produces only 50% laetted and considerable amounts of

(which produces more lactic acid from gas), (2) facultative
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ethanol, acetic acid and carbon dioxide) and, (@)gate heterofermentative species
(which produce®L-lactic acid, acetic acid and carbon dioxide). Adgent, 56 species of
the genud.actobacillus have been recognized (Table 2.1).

Lactobacilli are widespread in nature and many isgelcave found application in
the food industry. The therapeutic roles of sormactobacillus sp. have been
demonstrated. The ability of lactobacilli to convkctose to lactic acid is used in the
successful treatment of lactose intolerari@etobacillus sp. also inhibits the growth of
harmful putrefactive microorganisms by lowering thid of the intestinal environment
and through the ability of some strains to prodbeeteriocins and other metabolic
products such as hydrogen peroxide,@k), carbon dioxide (C€ and diacetyl
(Ouwehand & Vesterlund, 2004).

The bactericidal effect of ¥, has been attributed to its strong oxidizing effact
the bacterial cell. Some of the,®b- producing reactions scavenge oxygen, thereby
creating anaerobic environment that is unfavourédyleertain organisms. It has also been
suggested that 4, production is particularly important for colonizai of the urogenital
tract by lactobacilli. Colonization of lactobaciias been found to decrease the acquisition
of human immune deficiency virus (HIV) infectionomprrhoea and urinary tract
infections (Fontaine et al., 1999). Formation of ,Gffeates anaerobic environment and
CQO; itself has an antimicrobial activity (Ouwehand &saterlund, 2004). Diacetyl on the
other hand, is thought to react with the arginimeding protein of Gram negative bacteria
and thereby interfering with the utilization of ghiamino acid. Some strain of
Lactobacillus such ad_b. acidophilus, Lb. casei, Lb. helveticus, Lb. delbrueckii, Lb. lactis,

Lb. plantarum, Lb. johnsonii, Lb. sake and Lb. curvatus have been found to produce
bacteriocins. These offer a more defined antimiedoBpectrum, ranging from only
related strains to a wide variety of Gram positiwel Gram negative bacteria (Ouwehand
& Vesterlund, 2004).

2.1.3 Selection criteria for probiotic organisms

Probiotic organisms for human should have demobistiaealth benefits and have
‘generally regarded as safe’ (GRAS) status, wittr@aven low risk of inducing or being
associated with the etiology of disease. The ptabmrganisms should preferably be of
human origin. This is based on the observation dindy¢ human strains can be adhesive

and colonize the human GI- tract, which is thetfstep in promoting colonization
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resistance (Collins et al., 1998). For a straihdaised as probiotic microorganism, it must
deliver a measured physiological benefit, subshedi by studies conducted in the target
host (species specificity does occur, and for is¢r&d be beneficial to a particular host,
they should be isolated from the same species).pftigiotic organisms must be able to
survive and grow in then vivo conditions of the desired site of administratibns must
be able to tolerate low pH and high concentratibbhaih conjugated and deconjugated
bile acids. The probiotic organisms must be toétdiy the immune system and should
not provoke the formation of antibodies against phebiotic organisms (Collins et al.,
1998).

A number of probiotic organisms have been selefdethis study on the basis of
their acid and bile tolerance, adhesion to intaestaell line, anticarcinogenic properties,
oxygen sensitivity, and their ability to modify guhicroflora of human subjects
(Lankaputhra & Shah, 1998; Liong & Shah, 2004). 8ahthe probiotic organisms used
in this study including Bifidobacterium lactis LAFTI®B94 (now classified as
Bifidobacterium animalis subsp. lactis LAFTI®B94), Lactobacillus paracasei
LAFTI®L26 (now classified ad actobacillus casei LAFTI®L26) and Lactobacillus
acidophilus LAFTI®L10 were provided by DSM Food Specialties (MoordhaiSW,
Australia). LAFTF® probiotic was selected based on the proven heéfiglcts, superior
stability and excellent survival through the GlctrgMcintosh, 1999; Crittenden et al.,
2001; Pidcock et al., 2002; Mahoney & Henrikssd03. LAFTI® probiotic was used to
reduce intestinal tumours in male Sprague-Dawleg i@cintosh, 1999). LAFTi
probiotics were also used to increase the safetyHwfigarian salami because these
cultures gave strong inhibition to bdischerichia coli 0111 and.isteria monocytogenes
(Pidcock et al., 2002)Recently, LAFTPL10 and LAFTfL26 were proven to enhance
specific gut and systemic immune responses in r(@earanjan et al.,, 2007). Other
desirable effects on human host were also repé&ectt al., 2005; Clancy et al., 2006).

For successful application of probiotic in fodlde probiotic used should also be
technologically compatible with the food manufastgrprocess. In addition to that, the
foods containing the probiotic bacteria must mamthe characteristic sensory attributes
of the traditional food. With regard to the devetwmt of probiotic cheese, the organisms
used should be culturable to high cell densityifmculation into the cheese vat and be
able to retain viability and maintain its desirabtdaracteristics during product

manufacture and long ripening period.
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2.1.4 Application of probiotic bacteria in foods

Growing public awareness of diet related healthasshas fuelled the demand for
probiotic foods. A number of food products inclugligoghurt (Kailasapathy & Rybka,
1997), frozen fermented dairy deserts (Ravula &h$SH&98a), spray dried milk powder
(Stanton et al., 2001), cheeses (Stanton et &@1)2@ce cream (Haynes & Playne, 2002),
coleslaw (Rodgers & Odongo, 2002), freeze-driednhymg(Capela et al., 2006) and fruit
juices (Saarela et al., 2006) have been employedekgery vehicles for probiotic to
consumer.

A number of health benefits for consuming food picid containing live probiotic
bacteria have been claimed including alleviationsginptoms of lactose intolerance,
treatment of diarrhea, anticarcinogenic propertresluction of blood cholesterol and
improvement in immunity (Ballongue, 1993; Shah, @8®; Shah & Wu, 1999). For the
probiotic organisms to be of any value, they mwestviable at the time of consumption.
For this reason, changes in the numbers of viaddtelia during storage period should be
known. It has been suggested that approximately df0 per day of probiotic
microorganisms is necessary to elicit health effeBased on daily consumption of 100 g
or mL of probiotic food, it has been suggested tharoduct should contain at least 10
cells per g or mL of a food (Ross et al., 2002gwe| that was also recommended in Japan
(Ishibashi & Shimamura, 1993).

Dairy foods provide ideal food system delivery oblpotic bacteria to the human
gut given the suitable environment that dairy poisluprovide to promote growth or
support viability of these cultures. The most pepdbod delivery systems for probiotic
have been fermented milk and yoghurt. There ar@ekier, numerous challenges related
to the instability of some probiotic strains in skeproducts. The environment typical of
many yoghurts and other fermented milk including libww pH and the aerobic conditions
of production and packaging, the presence @d+and inhibitory substances produced by
the yoghurt bacteria may result in decreases irctlimt of probiotic in the final product.
A few studies have shown that many commercial yoghave failed to successfully
deliver the required level of viable cells of profic bacteria (Shah & Lankaputhra, 1997,
Dave & Shah, 1997).

Cheeses have a number of advantages over fresterfeed products such as
yoghurt as a delivery system for viable probiotical- tract in that cheeses tend to have a

higher pH and more solid consistency where the irmafrthe cheese and its relatively
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high fat content may offer protection to probiobacteria during passage through the
gastrointestinal tract. Cheese also has high bofferapacity than yoghurt (Gardiner et
al., 1998). Ripened type cheeses including Chedadeeses, however, have long ripening
times hence development of a probiotic cheese megjutareful examination of the

suitability of particular strain(s) to maintain fility throughout ripening and shelf life.

2.2. Cheese

The Food and Agricultural Organization of the Uditdations (FAO) defines a
Cheese as ‘the fresh or matured product obtaineth&ydrainage (of liquid) after the
coagulation of milk, cream, skimmed or partly skiedmilk, buttermilk or a combination
thereof’ (FAO, 2004). Cheese manufacture is onehef classical examples of food
preservation, dating from 6000-7000 BC. Presermatib the important constituents of
milk is achieved via lactic acid fermentation, retilon of water activity through removal
of water and addition of salt and through the gemmeof antibiotics by starter and non-
starter microorganisms (Fox & McSweeney, 2004). &tbian 500 varieties of cheeses are
now produced around the world. Coagulation of caseicheese manufacture can be
achieved via iso-electric (acid) or enzymatic (reircoagulation. Cheeses produced by
acid are usually consumed fresh and hence theduptmn is relatively simple. Rennet
cheese is almost always ripened (matured) befonsuroption through the action of a
complex biochemical reaction. This biochemical tescis mainly responsible for the
basic textural changes that occur in the cheesa @uring ripening and is also largely

responsible for the basic flavour of the cheese ¢setion 2.5).

2.2.5 Production and consumption of cheeses

According to the Food and Agricultural Organizatminthe United Nations, over
18 million metric tons of cheeses were produceddvade in 2004 (FAO, 2004). This is
more than the combined yearly production of cofbeans, tea leaves, cocoa beans and
tobacco. The largest producer of cheeses is theetUSitates, accounting for 30 percent of
world production, followed by Germany and France.Australia cheeses production
continues to increase over the past decades (F@@e It is a major product for the

Australian dairy industry with sales of around I8@ tonnes within Australia valued at
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an estimated A$1.2 billion, and export sales of,20@ tonnes worth more than A$835
million in 2005-2006. The biggest exporter of cleedy monetary value, is France. The
United States, the biggest world producer of cheedsea marginal exporter, as most of its
production is for the domestic market. In Austrahaarly 60% of Australian export of

cheeses goes to Asian countries with Japan as fotlee doiggest Australia’s overseas
cheeses market, accounted for 40% of product explottowed by Saudi Arabia and the

United States (Table 2.2).
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Figure 2.2. Australian total cheese producti@®aurce: Dairy Australia (2006).

Table 2.2.Australian export of cheeses (tonnesurce: Dairy Australia (2006).

Country 2000/01 2001/02 2002/03  2004/04  2004/05 2005/06
Asia 122,701 141,156 113,795 134,726 149,279 122,052
Middle East 25,228 26,641 24,183 25,655 29,915 36,337
Africa 7,991 9,057 10,889 9,522 7,844 9,203
Pacific 1,947 2,141 2,479 2,515 3,129 3,532
Europe 43,245 19,269 38,065 23,436 21,801 15,705
Americas 17,784 18,127 17,102 16,115 15,511 14,882
Total export 218,896 217,391 206,524 211,969 227,479 201,711

Greece is the world's largest (per capita) conswheheeses, with 27.3 kg eaten
by the average Greek followed by France and l@ailystralia (per capita) consumption of
cheese is growing from about 8.0 kg in 1985-86tou& 10.0 kg in 1995-06 and about
12.0 kg in 2005-06 (Figure 2.3). The increase ieese consumption has put competitive
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pressure on cheese producers to produce high yjehkteses more efficiently at lower

costs through higher yields and reducing aging.
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Figure 2.3.Australian per capita consumption of dairy produstsrce: Dairy Australia (2006).

More than 50% of cheeses produced in AustralidCeddar cheeses (Table 2.3).

There has been a trend for producing non-Cheddaesehtype over the past six years.
The non-Cheddar share of total production has ase@ from 43 to 49% in 2000 to 2006.

Cheddar cheese, however, remained the most popnlrmost produced cheese in

Australia.

Table 2.3.Australian cheese production by type of cheesenés).
Source: Dairy Australia (2006).

Type of cheese 2000/01 2001/02 2002/03 2004/04  2004/05  2005/06
Cheddar 215,047 220,329 212,811 207,795 195,887 191,693
Semi-hard 84,285 91,639 83,973 88,712 90,728 76,827
Hard gratiné 11,312 16,290 12,118 11,332 13,413 23,022
Frest 62,021 80,118 64,105 70,940 83,628 75,432
Mould® 3,813 3,688 5,945 4,983 4,793 5,775
Total cheese 376,477 412,063 378,952 383,762 388,449 372,749
YIncludes: Cheddar, Cheedam, Colby, Cheshire, Gtere_ancashire, Leicester, Nimbin.

’Includes: Mozzarella, Edam, Gouda, Swiss, EmmenBuitina, Havarti, Samsoe, Tilsit, Buetten, Vaaher
3Includes: Parmesan, Pecorino, Romano, Bakers, iBgaaGoya.

“Includes:
SIncludes:

Cottage, cream cheese, Fetta, NeufcHhitalita, Fresh Pecorino, Paramagiano.
Blue vein, Brie, Camembert, Quark, Sthéwa, Mascarpone.
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Over the past few years, there has also been asased demand and popularity of
functional food (food or ingredient that are safecbonsume with added health benefit
beyond inherent basic nutrition). Foods contaimpngpiotic bacteria can be categorized as
‘functional foods’ and such products are gaininglegipread popularity and acceptance

@ssa functional food will thus offer

throughout the world. Development of Cheddar ch

a great prospect. It will provide a potential notyoto improve health status and quality of

products but also to increase the range of cheeskprobiotic food products.

2.2.6 Manufacture of Cheddar cheese

Production of Cheddar cheese can be divided intopghases, manufacturing and
ripening. The ripening process is largely regulatgdhe level of moisture, salt, pH and
the cheese microflora. In turn, these componenés ragulated by the extent and
combination of operations that is involved in cleeesanufacturing. Although it is during
the ripening that the characteristic flavour anxtuee of the individual cheese develop,
the nature and quality of the finished cheese aterthined to a very large extent by the
manufacturing steps. For the development of prabidteeses, the manufacturing steps
will also affect the survival of the probiotic momrganisms during production and

ripening. Figure 2.4 shows the principal steps iwed in the cheese manufacturing.

2.2.6.1 Pre-treatment of milk

Cheese manufacture commences with the selectionllobf high microbiological
and chemical quality. Cheese milk must be free frantibiotics, which may be
detrimental to the probiotic organisms, inhibit tgeowth of starter bacteria, delay
acidification and consequently cause flavours axtutal defects. Cheese milk also needs
to be free from pathogens and spoilage microorganisuch as coliforms, pyschrotrophs
andClostridium tyrobutyricum. Contamination of milk wittCl. tyrobutyricum results in a
defect known as ‘late gas blowing’ caused by artaenmetabolism of lactate to butyrate
and H during ripening (Thuault et al., 1991). Cheeseknml often standardized and
pasteurized. Cheese milk is standardized to giged#dsired values of fat and protein and

also to compensate for the variations in milk cosig@an brought by seasonal changes.
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Standardization of the cheese milk to casein todia of 0.68 is necessary to achieve the
desired fat in dry matter (FDM), moisture in nom$abstances (MNFS) and the balance
moisture concentration of the cheese which is ntyynmmagulated by law (Kosikowski,
1977). The more fat present in the cheese milk,thedefore in the coagulum, will affect
the moisture removal as the presence of fat imesfenechanically with the syneresis

process.

Milk
Pasteurize, homogenize,
standardise casein/fat to 0.68

Sarter culture & probiotic organisms W

Milk ripening (31°C)

Rennet W

Coagulum

v

Cutting & cooking

Release whey

Curds

v
Cheddaring

Milling & salting

Moulding, pressing, packaging

Fresh Cheddar cheese

Ripening

Mature Cheddar cheese

Figure 2.4.Flow diagram for the manufacture of a probiotic Gdter cheese
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Homogenization is used to reduce the size of thgl@bules from 1 - 15 um to
less than 2 um and to distribute the fat evenlyhie milk. Homogenization of milk
increases the interaction between fat globules tted casein in the rennet gel thus
increases the rate of coagulation. Homogenizatisoe @romotes lipolysis, increases
cheese yield due to improved fat and protein regowand reduces fat separation in
cheeses during storage (Fox & McSweeney, 2004).

Although raw milk is still used in industrial andrinhouse cheese making, most
cheese milk is pasteurized (63°C, 30 min or 72%Cs)1to kill pathogens and the spoilage
microorganisms. A cheese made with pasteurized, mdkwever, develops a less intense
flavour and ripens more slowly than raw milk cheddeat induced changes including
inactivation of milk enzymes, killing of indigenousicroorganism, denaturation of whey
proteins and their interaction witicasein could be responsible for these changes&Fox
McSweeney, 2004). The contribution of the indigeouicroflora to ripening has been

discussed in section 2.4.1.

2.2.6.2 Addition of starter and probiotic microorganism

Progressive acidification is necessary throughbetcheese manufacturing stage.
One of the ways to achieve uniform acidificatiofoysthe addition of a culture (starter) of
selected lactic acid-producing bacteria to cheed&. fihe main function of starter
bacteria is to produce lactic acid from lactosarducheese manufacture. By lowering the
pH and competing with spoilage and pathogenic miganisms and by producing
antimicrobial compounds, starter lactococci alsotgbute to the microbial safety of
cheeses (Parente & Cogan, 2004). Starter lacto@sci contribute to cheese ripening
since the enzymes released by these microorgamigsravolved in proteolysis, lipolysis
and conversion of amino acids to flavour compou(@i®ow et al., 1995). The role of
starter culture in cheese ripening is discussegation 2.5.2.3.

The most commonly used starter bacteria for cheedade Lactococcus lactis,
Leuconostoc sp., Sreptococcis thermophilus, Lactobacillus delbruecii subsp.bulgaricus
andLb. helveticus. They are classified into two groups, the mesoplahd thermophilic
starter bacteria. Thermophilic starters are usgaroduction of Italian (Grana, Pecorino,
Mozzarella) and Swiss (Emmentaler, Sbrinz, Gruyerkgese varieties. Mesophilic

starters are used in cheese varieties in whichtehgerature of the curd during acid
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production does not exceed 40°C. For Cheddar chéesenost commonly used starter
culture consists dfactoccoccus lactis subsplactis and/orL. lactis subsp.cremoris. Non-
starter adjuncts including probiotic can be addedether with the starter bacteria
(Gardiner et al., 1998; Corbo et al., 2001, Kasilmag al., 2004; Buriti et al., 2005a,b;
Bergamini et al., 2006). Different combination d&rser bacteria and probiotic adjuncts
and different mode of addition of probiotic haveebeised to improve the viability of the
probiotic organisms in cheeses (Dinakar & Mistrf994; Blanchette et al., 1996; Gobbetti
et al., 1997, Daigle et al., 1999; Vinderola et 2000) (see section 2.3).

After the addition of starter culture and probio#idjuncts, a certain amount of
time (normally 30-60 min, referred to as milk rip&g) is given to the added culture to
begin acid production before the rennet is addéds iE necessary to ensure the culture is
active before the milk is renneted. Milk ripenintpa allows the starter organisms to
acclimatize to a new environment in preparationrégid growth. They produce a small
but critical amount of lactic acid to activate chysin in the rennet extract and thus aid the
coagulation process (Lawrence et al., 2004).

Acidification continues mainly until the end of tmeanufacturing process. The
speed at which excess lactic acid is produced éenvidt critically affects the cheese
quality. A very rapid increase is not desirabledase the high acid dissolves too much of
the insoluble calcium phosphate into the whey. @aigphosphate is an important buffer
for maintaining satisfactory pH after salting.tlflisappears early into the whey as soluble
calcium lactate, a low pH will occur in the cheedepressing. The cheese develops an
intense acid flavour, weak and pasty texture (‘a@t cheese’). Slow formation of acid
preserves much calcium phosphate in its insoluten funtil it is required as a soluble
buffering salt in the press, which would resultcimese with good texture or ‘dry acid

cheese’ (Lawrence et al., 2004).

2.2.6.3 Milk coagulation

The conversion of liquid milk to cheese curd ca&naghieved by the addition of
milk clotting enzyme (e.g. rennet) to coagulate thik followed by the subsequent
expulsion of the whey by syneresis. In mikkcasein is a calcium insensitive protein
which forms a protective layer around the calcilensstive caseinsufs-, osz, p- andy-),
resulting in stable casein micelles. In the presesfcchymosin (the principal enzyme in

calf rennet), milk clotting occurs in two separpteases (Figure 2.5).
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Figure 2.5.Steps involved in the enzymatic coagulation okmil
Adapted from Horne & Banks (2004).

The first phase starts with the cleavagexafasein at the Phg — Metos bond
(Figure 2.5a), which results in the release of bptilic caseinomacropeptide (residues
106-109) that passes into the whey and patasein that remains bound in the casein

network (Figure 2.5b). Gradual loss of caseinoma&ptide is accompanied by a decrease
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in micellar zeta potential which results in dediahtion of the micelle and aggregation
into gel (Figures 2.5¢c & 2.5d) (Crabbe, 2004). Téecondary phase involves the
aggregation of pare-casein and other caseins under the influence 6f W@hich leads to
the gel formation.

Milk clotting is normally performed at pH 6.3-64 30-32°C. At high pH the
clotting time and the curd firmness are reduce@l¢fe, 2004). The rate of milk clotting
also increases with temperature, type and condentraf rennet. A wide range of clotting
agent is available for cheese manufacture (Horriga&ks, 2004). Milk clotting enzyme
from the stomachs of ruminants, calf and adult bevennets are the most widely used in
cheese manufacture today. Chymosin exhibits loviepigtic acitivity but is particularly
active in hydrolysis of Phgs — Metos Of k-casein. Only those enzymes with a high ratio
of milk-clotting activity to general proteolytic &ty are considered suitable for cheese
manufacture. A high level of non-specific proteddysan lead to a weak gel structure,
high losses of protein and fat in the whey and tiedgsiced cheese yield (Horne & Banks,
2004).

The release of pafiacasein produced by rennet activity during cheeakimg and
the release of products of proteolytic activitytioé starter culture have been suggested as
growth-promoting factors for the probiotic bactediaring cheese making (Boylston et al.,

2004). The role of rennet in cheese ripening iswdised in section 2.5.2.2.

2.2.6.4 Cooking and cheddaring of cheese curd

Proper cutting of coagulum is necessary as impropting and handling of curd
results in the loss of fines (small curd particteat are not recovered in the cheese).
Cutting time is determined by manual testing (agrdeady to be cut if it breaks cleanly
when a flat blade is inserted at 45° angle to tivdase and then raised slowly). Higher
temperature and low moisture varieties such asafttahard cheese require the smaller
cutting size whereas high moisture varieties lik# spened cheese are cut to 2 cm or
more. To achieve the desired moisture contentarfittal cheese, the best cutting size for
Cheddar cheese is ~ 0.8-1.0 cm (Kosikowski, 198@)lowing cutting is stirring and
cooking of curd, which promotes contraction of gvetein matrix, causing the curd to
shrink and expel whey so firm up the curd to aestatdy for texture formation, pressing
and salting. A wide range of temperature maximadglired for different cheese varieties.

For Cheddar cheese the best cooking temperati88°@ with gradual increase of 1°C
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every five minutes from the initial coagulum termgaere of 31°C and holding the curd at
38°C for approximately 30-60 minutes or until thie pdrops to 6.1-6.2 (Kosikowski,

1977). In the development of probiotic cheese,hsligchnological modifications were
incorporated during cooking to improve the survigélprobiotic in especially high heat
cheese such as Canestrato Pugliese (Corbo eb@l.) &ee section 2.3).

After cooking, the curds and whey are separated.Whey is drained normally at
pH of 6.1-6.2 and the curds are subjected to agsscalled ‘cheddaring’. Cheddaring
means piling and repiling blocks of warm curd (usua8°C) in the cheese vat for about
two hours during which period, lactic acid increasapidly to a point where coliform
bacteria are killed by the free hydrogen ions. Wescurd blocks are repiled, their structure
flattens and any holes or eyes originally presest Itheir identity in the deformed curd.
Moisture control and the proper texture of the care also attained during Cheddaring.
The increasing lactic acid strips some of the bocaidium from the relatively inert para-
caseinate curd and transforms it into forms of jaseinate which gives plastic
properties to the resulting cheese and sufficieiblssate for enzyme action, leading to

proper flavour and texture development during ripgriLawrence et al., 2004).

2.2.6.5 Milling, salting and pressing of cheese curd

Milling operation consists of mechanically cuttittge cheddared curd into small
pieces in order to increase the surface area otuhe and so enable more uniform salt
distribution into the curd and to encourage whegirdige (Lawrence et al., 2004). The
size of the curd patrticle affects the salt in maistratio of the final cheese (larger particle
causes longer salt penetration). Salt is addede@urd pieces after milling. The purpose
of salting is to promote further syneresis, slowddactic acid fermentation and promote
controlled ripening and flavour development. Thesence of salt also prevents the
growth of spoilage microorganisms and contributsard the flavour of the cheese.
Cheddar cheese has an average of 1.5% salt. Otiaggaay make the cheese too dry
and slows ripening which leads to underdevelopety lamd flavour. Normally about 2.3-
3.5% of salt is added to cheese since 45% of #iissould be lost with the whey during
pressing (Kosikowski, 1977). During ripening, sdiffuses throughout the cheese and so
the differences in the salt content at the centceperiphery decrease with ripening time.

In the development of probiotic cheeses, saltirggdraimpact on the growth of the

probiotic bacteria as the growth and survival @sth bacteria are inversely related to salt
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concentration (Boyslton et al.,, 2004). Gomes et(B95) adapted the technology of
Gouda cheese manufacture by varying the concemraif salt added to cheese to
improve the survival oBifidobacterium sp. andLb. acidophilus used in that study (see
section 2.3).

The curd is pressed when it is still warm (prefgrab 25 °C) to prevent fat
leaking from the curd if the fat solidifies. The imgurpose of pressing is to form the
loose curd particles into a shape which is compacugh and to expel any free whey
(Lawrence et al., 2004). Pressing the curd shoeldrbdual at first to prevent the surface
layer of the cheese creating impermeable layer mwividl lead to moisture being retained
within pockets of the cheese. Cheddar cheese mallyrpressed under a vacuum of 0.17
to 0.42 MPa for 6-18 h and vacuum packed (KosikawdR77). The selection of
packaging material can further have a significaifiéce on the survival of probiotic
bacteria. Packaging materials with good oxygeniéarisuch as polyvinylidene chloride
copolymer (PVDC) (e.g. Cryova®) and ethylene- vinyl alcohol (EVOH) have been
shown to be more effective than polyethylene argispyrene packaging materials widely
used for foods in maintaining the viability of protic (Ishibashi & Shimamura, 1993).
Cheddar cheese is then ripened at 4 to 16°C for4aBtmonths (Kosikowski, 1977). It is
during the ripening that the characteristic flavaumd texture of the individual cheese
develop. Biochemical reactions involved during ceeepening is discussed in section
2.5.

2.3. Probiotic Cheddar cheese

A number of studies have addressed developmentralfigiic cheeses using
Canestrato Pugliese cheese (Corbo et al., 200&dain cheese (Dinakar & Mistry, 1994;
Gardiner et al., 1998; Daigle et al., 1999; McBrgat al., 2001; Phillips et al., 2006),
cottage cheese (Blanchette et al., 1996), Cresadrezzse (Gobbetti et al., 1998), Fresco
soft cheese (Vinderola et al., 2000), goat che@senes & Malcata, 1998), Gouda cheese
(Gomes et al., 1995), Minas fresh cheese (Buritalet 2005a,b), semi-hard cheese
(Bergamini et al., 2006) and white cheese (Kasimeglal., 2004). Examples of probiotic
cheese developments are shown in Table 2.4.
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Table 2.4.Examples of probiotic cheese developments.

Cheese variety

Probiotic strain

Reference

Canestrato Pugilese cheese B. bifidum Bb02, B. longum Bb46

Corbo et al. (2001)

Cheddar cheese

B. bifidum ATCC 15696

Dinakar & Mistry (1994)

Lb. paracasel NFBC 338

Gardiner et al. (1998)

B. infantis ATCC 27920G

Daigle et al. (1999)

B. lactisBb-12,B. longum BB536

McBrearty et al. (2001)

Commercial strains ofLb. acidophilus, Bifidobacteriumsp.,Lb.
casdl, Lb. paracasei, Lb. rhamnosus

Phillips et al. (2006)

Cottage cheese

B. infantis ATCC 27920G

Blanchette et al. (1996)

Crescenza cheese

B. bifidum, B. longum andB. infantis

Gobbetti et al. (1998)

Cheese French onion dips

Lb. acidophilus, B. animalis, Lb. paracasei subspparacasei andLb.

rhamnosus

Thamaraj & Shah (2004)

Fresco cheese

B. bifidum, B. longum, Lb. acidophilus, Lb. casei

Vinderola et al. (2000)

Goat cheese

B. lactis andLb. acidophilus (Ki)

Gomes & Malcata (1998)

Gouda cheese

B. bifidum (Bo), Lb. acidophilus (Ki)

Gomes et al. (1995)

Minas fresh cheese

Lb. paracasel subspparacasei LBC 82
Lb. acidophilus culture La-5

Buriti et al. (2005a)
Buriti et al. (2005b)

Semi-hard cheese

Lb. acidophilus, Lb. paracasel subspparacasel

Bergamini et al. (2006)

White cheese

Lb. acidophilus 593 N

Kasimoglu et al. (2004)
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Probiotic organisms can be added into cheese dumagufacture, either as a
starter or as adjunct to the starter culture. Atagter, probiotic cultures are often limited
by its ability to produce sufficient lactic acid milk. A large inocula and addition of
growth-promoting supplements such as cysteine tyedsact and casein hydrolysates are
often required (Gomes et al., 1995; Gomes & Mal|ch#98).B. bifidum strain Bo (3.5%
w/v) andLb. acidophilus strain Ki (3.5% w/v) were used as a starter inrtfaufacture of
Gouda cheese supplemented with milk hydrolydateacidophilus strain Ki was able to
grow in milk and produce acid, reaching’ifu g during manufacture and the count
decreased by two log cycles to’1hu g* after 9 wk of ripening at 13°@ifidobacterium
strain Bo on the other hand, showed no growth durmanufacture, but was able to
remain viable at I{xfu g at the end of ripening. There was a significanéefbn cheese
flavour after 9 wk of ripening, possibly due to tlaeetic acid production by the
Bifidobacterium. The presence of milk hydrolysate also proved iialle for cheese
manufacture because it contributes to the develapofeundesirable flavours even at low
levels (Gomes et al., 1995). In the same study, €oeh al. (1995) also concluded that the
survival of the probiotic bacteria was dependenttlom region of the cheese and the
concentration of salt. Cheese with salt contergireg from 1.90 to 3.90% had a 55-35%
survival of probiotic bacteria, with the highestsual in the centre of the cheese where
oxygen and salt levels were the lowest. In anotitedy, Gomes and Malcata (1998)
recommended 0.30% (v/w) of milk hydrolysate in greduction of goat cheese wiB
lactis andLb. acidophilus strain Ki. Both microorganisms remained viable 76rdays at
6°C with a level of >1®cfu g* and >10 cfu g* for B. lactis andLb. acidophilus strain Ki,
respectively. The probiotic organisms contributeghiicantly to ripening, especially in
the formation of low molecular mass peptides andtharacids in both studies.

Addition of probiotic as adjunct to the startedtete may be a more favorable
option for incorporation of probiotic in cheese. Adjunct culture, probiotic bacteria are
normally added together with the starter bacteriaing cheese making. In the
manufacture of Argentinian Fresco cheese, probiotiltures ofBifidobacterium, Lb.
acidophilus, and Lb. casei were added simultaneously with the starter bactési
thermophilus andLactococcus lactis). Bifidobacterium sp.,Lb. acidophilus andLb. casei
used in combination demonstrated satisfactory sahdgounts at about £@fu g* at the
end of the 60-day ripening period. The probiotiaisis incorporated into Fresco cheese
also demonstrated good resistance in an acidicr@mwient typical of the stomach

(Vinderola et al.,, 2000). Then vivo consumption of the Argentinian Fresco cheese
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containing this mixture of probiotic bacteria benigilly modulated the immune response
in mice (Medici et al., 2004).

Human derived_b. paracasei added into Cheddar cheese as starter adjuncts was
also found to grow and proliferate to high cell hers (>10 cfu g%) in cheeses at’8
over 8 mo of ripening even when added at a relgtigenall inoculum (0.1% v/v)
(Gardiner et al., 1998).Lb. acidophilus and Lb. paracasei subsp.paracasel were also
used as adjunct culture in semi-hard cheese madxmgriments. The population of
probiotic remained above 16fu g during ripening of 60 days. Cheese with the additi
of Lb. acidophilus also showed a significant increase in the levébwaf molecular weight
nitrogen compounds and individual free amino afBkrgamini et al., 2006).

While some studies have shown adequate survivptaifiotic, others have found
low counts of probiotic bacteria in cheeses (Blatiehet al., 1996; McBrearty et al.,
2001).B. lactis Bb12 andB. longum BB636 were added as adjunct at the levels 8fchd
g™ of cheesemilk during manufactui.lactis Bb12 survived at high numbers Ei€fu g
! of cheese), while the viability &. longum BB536 was reduced to 1@fu g* following
six month of ripening. The presence of these adjpncbiotic did not adversely affect
cheese composition and contributed to improved Gaetlavour as compared to control
cheese (McBrearty et al., 200B. infantis and B. bifidum also did not sustain high
viability during storage in cottage cheese aftedags (Blanchette et al., 1996). Different
combinations of commercially available probiotic Itates (b. acidophilus,
Bifidobacterium sp, Lb. casei and Lb. rhamnosus) were used in the production of
probiotic Cheddar cheeses. All probiotic strains/is:ied well in cheese at the level of >
10’ cfu g* except that with_b. acidophilus strains which performed poorly and the count
reduced to about f@fu g* after 32 wk (Phillips et al., 2006).

A few approaches have been used to improve thevaliof probiotic in cheeses
including minimizing the exposure of probiotic theese making conditions (Dinakar &
Mistry, 1994), two steps fermentation (Daigle et, dl999), microencapsulation of
probiotic strain (Gobbetti et al., 1997), modificat of manufacturing condition (Corbo et
al., 2001), the use of different combination oftgiaand probiotic (Buriti et al., 2005a,b),
and modification of packaging and storage condiféasimoglu et al., 2004).

B. bifidum was added into Cheddar cheese as immobilizeddvdeed strains to
the matrix of Cheddar cheese following cheddarind salting (at the milling stage) to
limit exposure of the culture to salt, oxygen amthduring the manufacturing process.

Bifidobacterium remained viable for up to 24 wk at about Tfu g* of cheese without
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causing any adverse effects on cheese flavour extdré or appearance (Dinakar &
Mistry, 1994).

In other studies, two steps fermentation (creamtmémtation and fermentation
during cheese making) were used to promote the throfB. infantis in Cheddar like
cheese. The application of a two-stage fermentatiae shown to be effective in
increasing the viability of probiotic bacteria bjoaving the probiotic organism to become
dominant prior to the addition of the starter crdii Since starter lactic acid bacteria
produce inhibitory substances against probiotiddreecand grow faster than them during
fermentation, the viability of probiotic bacteriamutd be reduced (Shah, 2000IB.
infantis was initially grown in the cream prior to the aulwh of starter culture. The
probiotic microorganism was shown to have surviaédr 84 days of ripening at 16fu
g* of cheese. Improved proteolysis was also observéte probiotic cheesadicated by
the higher concentration of soluble nitrogen andcgetage hydrolysis ofis;- CN as
compared to the control cheese (Daigle et al., 1988rgamini et al. (2005) also found
pre-incubation to increase the population of laatilh in cheeses.

B. bifidum, B. longum andB. infantis were incorporated into Crescenza cheese as
cells immobilized in calcium alginatB. bifidum and B. longum remained viable at
greater than 10cfu g'in cheese buB. infantis died off after 14 days of ripening with no
effect on cheese composition, primary proteolysisensory properties (Gobbetti et al.,
1998). Slight technological modifications were immarated during processing of
Canestrato Pugliese cheese to improve the suraivdhe probiotic organismThese
modifications included reducing the conditionslieating the curd in whey from 80°C for
30 s to 50°C for 2 min and holding the curd at 483Cabout 5 h to limit acidification by
the lactic acid starter&. bifidum Bb02, B. longum Bb46 remained viable at about®ifiu
g* after 90-day of ripening period. The compositionl @ensory attributes of the cheeses
with the addedBifidobacterium was also characteristic of the traditional Carsgstr
Pugliese cheese (Corbo et al., 2001).

Lb. acidophilus andLb. paracasei were reported to maintain their viability at®10
and 10cfu g*, respectively when added to Minas fresh cheesestored at % for 21
days. The cheeses were reported to have a bettardeand sensory profiles especially
when used in combination with mesophilic type CQtitaculture as compared to normal
lactic culture (Buriti et al., 2005a,b). ThamarapdaShah (2004) found bacterial
interaction to significantly effect the survival pfobiotic bacteria in cheese dips. Each of

Lb. acidophilus, B. animalis, Lb. paracasel subsp.paracasei andLb. rhamnosus showed
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varied levels of antagonism. Any combination ofséndacteria, however, can be used as
probiotics in cheese dip.

The selection of packaging and storage conditiam foather have a significant
impact on the survival of probiotic bacteria in ebe. Kasimoglu et al. (2004) investigated
the survival ofLb. acidophilus during ripening of Turkish white cheese storedasuum
or in brine at 4C for 90 days. The cheeses with. acidophilus received a high level of
proteolysis and sensory scores and with probiotionts >10 cfu g* at the end of
ripening. In that study, probiotic cheese which wasuum-packed after salting received
higher sensory scores than probiotic cheese siorfadhe.

Data from the development of probiotic cheeses detnated that Cheddar
cheeses are a suitable potential carrier for ptabimacteria to consumer. However, it is
important to stress that this can be very strapeddent as many of the probiotic strains
tested did not perform well in the cheese enviramm&train selection is vital to the
successful development of probiotic cheese. Thecefhf processing conditions on the
viability of the bacteria is also important. Theopessing conditions, cooking procedure,
the aerobic environment, the impact of lactic estatter cultures and the temperatures of
ripening and storage must be evaluated in the dpuent of probiotic cheese so that the
concentration of probiotic bacteria in the finabguct provides a therapeutic dose to
consumers (see Chapters 3 & 4). To date, very fedies have evaluated the influence of
ripening temperatures on the survival of probidiacteria in cheeses (see Chapters 7 &
8). Growth conditions must be balanced to promability of probiotic bacteria without
excessive growth and acid production that couldeexbly affect sensory attributes of
cheeses (see Chapter 5). If the probiotic cheesebeamanufactured with little or no
alteration to the traditional cheese making tecbggl this would make the development
of probiotic cheeses attractive for commercial picithn.

2.4. Cheddar cheese microflora during ripening

The microflora associated with cheese ripeningiseenely diverse. They may be
divided into two groups — the starter lactic acatteria and non-starter lactic acid bacteria
(NSLAB). Starter bacteria are primarily responsibier acid production during
manufacture, while the secondary microflora may plety any active role in cheese
manufacture but contribute towards the ripeningcess. The role of starter lactic acid

bacteria during cheese making has been describgection 2.2.2.2. Starter bacteria stop
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growing in cheese curd soon after the end of matwfa due to the low pH, increasing
NaCl concentration, low temperature and lack oimfemtable carbohydrate substrate
(Kosikowski, 1977). When the starter lactococcisedheir viability, they release their
intracellular enzyme due to autolysis (Crow et &B95). The role of this enzyme to

proteolysis during ripening is explained in sectihb.2.3.

2.4.1 Non-starter lactic acid bacteria

The dominant non-starter lactic acid bacteria iredar cheese are homo- and
heterofermentative species of lactobacilli (Brooetel., 1990; Jordan & Cogan, 1993),
although there are reports on the occurrence obpecci, micrococci and.euconostoc
sp. (Peterson & Marshall, 1990). Studies on nortestdactobacilli occurring in Cheddar
cheese produced in various countries consisteafigrt the dominance afb. paracasei
andLb. plantarum. Other species that are frequently detected asmsimmponents of the
population includd.b. curvatus, Lb. casei, Lb. brevis andLb. rhamnosus (Broome et al.,
1990; Crow et al., 2001; Williams et al., 2002)

2.4.1.1 Sources and factors affecting the growth of NSLAB

NSLAB gain entry into the cheese either by deliter@ddition as a part of the
starter culture or are naturally associated withitigredients used in cheese production.
Milk withdrawn from the udder at farm level undemjirenic milk conditions can routinely
contain < 16 cfu mL* (Beresford & Williams, 2004). Pasteurization okilys ~ 99.9% of
the bacteria found in raw milk. Other ingrediented in cheese manufacture such as
rennet and salt also add to the microbial loachefaheese. Bintsis et al. (2000) reported
the presence dfb. paracasei, Lb. casei andLb. plantarum in commercial brines. Cheese
manufacturing conditions (milk ripening, coagulatiocooking and cheddaring at 30-
40°C) facilitate the growth of these organisms. Theese environment such as the level
of salt in moisture (S/M), pH, organic acids amering temperature further influence the
growth of these microorganisms in cheese duringniipy (Shakeel-Ur-Rehman et al.,
2000). NSLAB require an energy source for growtheyl utilized the residual lactose in
cheese, sugars derived from the glycomacropepfidasein and the glycoproteins of the
milk-fat globule membrane and products of proteslyscluding peptides and amino
acids (Williams & Banks, 1997). Freshly producedanaooercial Cheddar curd about®10
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cfu g* non-startet.actobacillus, which increases to about“ithin 3 mo of manufacture
and remains at this level throughout the remairdanaturation (Peterson & Marshall,
1990).

2.4.1.2 NS_AB and cheese quality

Cheeses produced from raw milk develop a more satdlavour and ripen faster
than those made with pasteurized milk (BeresfordM8lliams, 2004). A number of
approaches have been used to study the role of BShAheese ripening. NSLAB were
removed from raw skim milk by microfiltration (Mc@®&ney et al., 1993). Cheeses were
produced under strictly controlled microbiologicndition (McSweeney et al., 1994).
Shakeel-Ur-Rehman et al. (2000) inhibited the ghoeftNSLAB with antibiotics and low
ripening temperature at 1°C. The results from th&tselies show that the indigenous
microflora of raw milk is one of the major causdstlze differences between raw and
pasteurized milk cheeses.

Improvement in the hygiene of milk and the needstandardization have resulted
in bland cheeses. It is becoming increasingly paptd inoculate pasteurized milk with
adjunct cultures from good quality raw milk to imge the sensory properties of cheese
and improve its health benefits at the same tinlme dddition of selected adjuncts strains
of Lactobacillus sp. has positive influence on the quality of cheed@uchades et al.,
1989; Broome et al., 1990; Lee et al., 1990; McSwegeet al., 1994; Drake et al., 1996;
Lynch et al., 1996; Muir et al., 1996). Some adjsraultures were also used to accelerate
ripening (Trepanier et al., 1991; El Soda et aDP® and suppress the growth of
unwanted bacteria in cheeses (Martley & Crow, 1998) the other hand, other studies
have suggested that addition of certhactobacillus strains adversely affected flavour
formation in both Gouda and Cheddar cheeses (KI&8517; Puchades et al., 1989). Some
NSLAB have also been implicated in the calcimactate surface defect (Khalid &
Marth, 1990).

2.4.2 Enumeration of starter, NSLAB and probiotic bacterin Cheddar cheese

Considering the regulations for minimum number @flqpotic bacteria in probiotic
food, monitoring the survival of probiotic bacterin probiotic Cheddar cheese is

essential. Enumeration of probiotic bacteria inedeeis difficult due to the presence of
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complex cheese microflora including starter LAB a48LAB. To enumerate probiotic
bacteria in such a mixed population, selective medin be employed that would allow
the growth of the organisms of interest and inhdilier microorganisms found in the
cheese. The selective agents that are commonly inskdle antibiotics, carbohydrates,
salts and bile (Tharmaraj & Shah, 2003). These tageam be incorporated into the agar
media and can be used in combination with corrasegus environment and incubation
temperature to allow the growth of only the despeabiotic organism. Tables 2.5 and 2.6
summarize the various culture media recommendeth®enumeration of cheese starter
culture, NSLAB,Lb. acidophilus, Lb. casel andBifidobacterium sp.

M17 medium was initially developed by Terzaghi a@dndine (1975) for the
enumeration of lactic streptococci. This media basn widely used for the selective
enumeration of starter lactococci in Cheddar ché@&sediner et al., 1998; Daigle et al.,
1999; Corbo et al., 2001; McBrearty et al., 20®EpPisodium glycerophosphai@éP) was
one of the important components in this medium bseait improved the buffering
capacity and thus the growth of lactococci. Whesulrated aerobically, it could prevent
the growth of some probiotic bacteria although s@aso-tolerant probiotic strain may
form pin point colonies in this medium (Gardineiaét 1998).

Lactobacillus selective agar (LBS) has been used for the endimerlSLAB or
lactobacilli in Cheddar cheese (Gardiner et al98lDaigle et al., 1999; McBrearty et al.,
2001). The accompanying bacterial flora is largslyppressed by the high acetate
concentration and the low pH value. The media asotain low concentrations of
manganese, magnesium and iron to ensure optimeafiyrf lactobacilli (Rogosa et al.,
1951).

The MRS medium was developed by DeMan et al. (L#60eplace the tomato
juice medium and the meat extract tomato juice madiMRS medium has been used for
enrichment, cultivation and isolation of probiobacteria in cheese (Dinakar & Mistry,
1994; Corbo et al., 2001). The medium contains smwlyate (Tween 80), acetate,
magnesium and manganese, which act as specialtgfaetors for Lactobacilli as well as
a rich nutrient base. MRS media and reinforcedtetbal agar (RCA) were used as the
basal media in addition to the selective agentgHerselective enumeration of probiotic
bacteria (Tharmaraj & Shah, 2003; Darukaradhyd. e2@06). Bifidobacteria can grow in
RCA even without the addition af-cysteinehydrochloride. Therefore, RCA was not
suitable for selective enumeration of probioticteaa in the presence &ifidobacterium
(Tharmaraj & Shah, 2003).
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Table 2.5.Culture media recommended for the enumeratidrboécidophilus, Lb. casel, total lactobacilli and cheese starter culture

Designation Media + supplements

Incubation condibtins

References

All probiotic and lactic acid bacteria

MRS DeMan Rogosa Sharpe agar

2-3 days, 37°C,AnO DeMan et al. (1960), Dinakar & Mistry (1994), Corét al.

(2001), Tharmaraj & Shah (2003)

Total lactobacilli or NSLAB

LBS Lactobacillus selective agar

5 days, 30°C, AnO

Rogosa et al. (1951), Gardiner et al. (1998), [2adg al.
(1999), McBrearty et al. (2001)

Starter lactococci

M17 M17 + supplement provided by manufacturer

291 30°C, @

Terzaghi & Sandine (1975), Gardiner et al. (1988)igle
et al. (1999), McBrearty et al. (2001), Corbo ef(2001)

Lactobacillus acidophillus

TGV Tryptone glucose meat extract agar + 2% w/CNa
MRS-Sal MRS- salicin (0.5% w/v filter-sterilizedligin)
MRS-Sorb MRS- sorbitol
MRS-C MRS- clindamycin - bromocresol green

(0.04g LY + clindamycin (1 mg L), pH 5.5
RCA-C Reinforced clostridial agar - bromocresolegre

(0.04g LY + clindamycin (1 mg L), pH 5.5

2 days, 40°C, An®

2-3 days, 37°C, An®
2-3 days, 37°C, An®
2-3 days, 37°C, An®

2-3 days, 37°C, An®

Gomes et al. (1995)
Lankaputra & Shah (1996)
Lankaputra & Shah (1996), Tharmaraj & Shah (2003)

Darukaradhya et al. (2006)

Lactobacillus casei and Lb. paracasei

LC Lactobacillus casei agar
MRS-V MRS- vancomycine (1 mg1) - bromocresol green
(0.04g LY, pH5.5

RCA- bromocresol green (0.04 )+ vancomycine

(I mg L"), pH5.5

RCA-V

3-4 days, 27 °C, AnO
2-3 days, 37 °C, An©

2-3 days, 37 °C, An©

Ravula & Shah (1998b)
Tharmaraj & Shah (2003)

Darukaradhya et al. (2006)
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Table 2.6.Culture media recommended for the enumerationfiofdbacteria in mixed cultures

Designation  Media + supplements

Incubation conditions

Reference

MRS-NNLP MRS - NNLP (100 mg T neomycin sulfate, 200 mg Lparomomycin sulfate, 15 mgL 3 days, 37°C, An®

nalidixic acid and 3 g T* LiCl) + 0.05%L-cysteine

BSM? MRS + mupirocin (50 pg mt) + 0.05%L-cysteine

TOS-NNLP Transgalactosylated oligo saccharide- NNLBP05% L-cysteine

L-arabinose L-arabinose agar + 0.0b%ysteine

AMC Arroyo, Martin and Cotton agar

MCA Modified Columbia agar + 5 gtraffinose, 0.05 % L-cysteine, 2 ¢ lithium chloride

and 3 g Lsodium propionate. pH 5.1
RCA3-AD RCA + aniline blue (0.3 g ) + dicloxacillin (2 mg '), pH 7.1

2-3 days, 37°C, An®
2-3 days, 37°C, AnO
2-3 days, 37°C, An®

3-4 days, 37°C, An®

3 days, 37°C, An®

2-3 days, 37°C, AnO

Laoria & Martin (1991),
Dinakar & Mistry (1994),
Tharmaraj & Shah (2003)
Leuschner et al. (2002),
Rada & Koc (2000)
Wijsman et al. (1989)
Wijsman et al. (1989)
Payne et al. (1999)
Corbo et al. (2001)

Roy et al. (1997)

Daigle et al. (1999)

Darukaradhya et al. (2006)

MRS, DeMan Rogosa Sharpe agar
® BSM, Bifidobacterium selective medium
* RCA, Reinforced clostridial agar
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2.4.2.1 Enumeration of Lactobacillus casei

Selective media for the enumerationLdf casel in the presence of mixed cultures
have been developed by several workers (Champdgie £997; Ravula & Shah, 1998b;
Tharmaraj & Shah, 2003; Darukaradhya et al., 2006ampagne et al. (1997) developed
a selective enumeration method fdr. casei in yogurt-type fermented milks containing
other probiotic bacteria based on 15°C incubatenperature and 14-d incubation time.
The incubation time of 14 days, however, may nopttaetical for the dairy industry if the
results are required in a short time. Another $eleanedium,Lb. casei (LC) agar, was
developed by Ravula and Shah (1998b) for enumeratfd_b. casei populations from
commercial yoghurts and fermented milk drinks thay contain strains of yoghurt
bacteria & thermophilus and Lb. delbrueckii ssp. bulgaricus), Lb. acidophilus,
Bifidobacterium sp., andLb. casei. LC agar was reported to inhibit the growth $f
thermophilus, Lb. delbrueckii ssp.bulgaricus, Lb. acidophilus and Bifidobacterium sp.,
and was selective farb. casei (Ravula & Shah, 1998b; Talwalkar & KailasapathyQ2pD

More recently, MRS-vancomycine (MRS-V) was recomdezhby Tharmaraj and
Shah (2003, 2004), for the selective enumeratiohbofcasel in the presence of mixed
cultures.Lb. casei was resistant to 1 mg vancomyciné and grew well in MRS-V at
37°C and 48C anaerobically. No other cultures tested includBghermophilus, Lb.
delbrueckii ssp.bulgaricus, Lb. acidophilus, B. lactis and Propionibacterium grew in this
medium (Tharmaraj & Shah, 2003). Vancomycine ha® d&leen added to other basal
medium such as RCA for the selective enumeratiohnfcasael in Cheddar cheeses
(Darukaradhya et al., 2006).

2.4.2.2 Enumeration of Lactobacillus acidophilus

Lb. acidophilus was difficult to be enumerated selectively, sinaestrof the media
that supported the growth bb. acidophilus also supported the growth of other probiotic
organism. Lankaputhra and Shah (1996) developedmples method for selective
enumeration oLb. acidophilus in the presence of yogurt bacteria @ifidobacterium sp.
based on sugar fermentation patterns. Salicin §6)5and sorbitol can be used for
selective enumeration dfb. acidophilus because this organism can utilize salicin and
sorbitol (Buchanan & Gibbons, 1974). MRS-maltosa aetso be used for the selective
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enumeration ofLb. acidophilus but only in the absence difidobacterium. In the
presence of théb. casei, MRS-sorbitol agar or MRS-salicin agar can be usedbtain
counts ofLb. acidophilus andLb. casei, and LC agar can be used to obtain a total caunt o
Lb. casai. Then the counts dfb. casei can be subtracted from the total population.lof
acidophilus and Lb. casei enumerated with MRS-salicin or MRS-sorbitol agar
(Lankaputhra & Shah, 1996).

Tharmaraj and Shah (2003) recommended the use o08-Biibitol for the
enumeration ofLb. acidophilus because this media gave the highest recovery.ign th
medium,Lb. casal formed shiny, large, smooth and white colonies |evall strains ot_b.
acidophilus tested formed rough dull, small and brownish caeniTherefore, the counts
of Lb. acidophilus can be obtained by counting only the small dullgiowrownish
colonies on MRS-sorbitol.

Other selective media for the selective enumeratiobb. acidophilus in cheese
include RCA or MRS agar with clindamycin and trymo glucose, meat extract agar
(TGV) (Table 2.5). Enumeration dfb. acidophilus strain Ki in Gouda cheese was
performed on TGV agar with 2% w/v NaCl. The totalnrber ofLb. acidophilus was
determined based on morphology of the colonies GivV-agar whereBifidobacterium
produced pinpoint-size colonies, wheréasacidophilus produced large colonies (Gomes
et al., 1995). RCA-clindamycin (RCA-C) was reportedgive a good recovery farb.
acidophilus strains (Darukaradhya et al., 2006). RCA-C inhibitthe growth of
Bifidbacterium sp.,Lb. casei and starter lactococci tested in that study. THentes ofLb.
acidophilus strains on this media was about 3 mm, rough, iteegaonvex, granular and

green in colour.

2.4.2.3 Enumeration of Bifidobacteriumsp.

Teraguchi et al. (1978) (published in English bydia & Martin in 1991) first
advocated the use of the selective agents neomyalidixic acid, lithium chloride and
paromomycin sulphate (NNLP) for the selective entatien of bifidobacteria. Since
then, NNLP added to basal media (MRS or RCA) hanheed by several workers to
selectively enumerat®ifidobacterium and inhibit the growth of other probiotic and
yoghurt or cheese starter culture (Dinakar & Mistt994; Tharmaraj & Shah, 2003).
Bifidobacterium is relatively resistant to gentamicin, nalidixicicdhand neomycin. Starter

lactococci, Lb. casel and Lb. acidophilus on the other hand, are sensitive to these
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antibiotics (Tharmaraj & Shah, 2003). A low concatibn of sodium salt (lithium
chloride) that was part of the NNLP mixture furtipeevents the growth of starter bacteria
in yoghurt and in cheese. L-cysteine (0.05 to 0.i®4)ormally also added to the media
used for enumeration of bifidobacteria to improeeavery (Shah, 2000b). Cysteine, a
sulphur-containing amino acid, could provide ammtiogen as a growth factor while
reducing the redox potential, both of which miglatvdur the growth of anaerobic
Bifidobacterium species. When-cysteine was not present in the medididobacterium
either did not grow or formed pinpoint colonies.eTabsence af-cysteine can thus be
used to control the growth &ifidobacterium from other media.

The use of media containing the antibiotic mugiimdhas also been reported (Rada
& Koc, 2000; Leuschner et al., 2003) for the enwatien of Bifidobacterium in dairy
products and in animal feeds. Rada and Koc (208pbrted that bifidobacteria are
relatively resistant to mupirocin. MRS, supplemeniath the reducing agemntcysteine,
is used as the basal agar medium. There are, hovetlieal issues concerning the use of
this antibiotic. Mupirocin is particularly usefuh ithe treatment of MRSA, methicillin-
resistantSaphylococcus aureus. MRSA infection is a significant threat to the hleaof
elderly and immunodeficient patients and has becanohallenge to health services in
many countries. Mupirocin is also active agaidsticobacter pylori, another bacterium
that is difficult to treat using conventional ambtic therapy. Because of concerns about
the emergence of mupirocin-resistant MRSA it wolbéd prudent to expect difficulty in
obtaining this antibiotic in future (Upton et &003).

Wijsman et al. (1989) used several selective enatioer methods for
Bifidobacterium in fermented dairy products, which are considgraiitnumbered by
streptococci and lactobacilli. Transgalactosylatéigosaccharide (TOS) agar medium,
supplemented with various concentration of NNLP Wasd to be the best medium for
the selective enumeration @&ifidobacterium. The NNLP had no significant negative
effect on the recovery of colonies of bifidobacen the medium. A minimal dilution of
10* of the NNLP mixture was suggested to prevent ttoevth of pinpoint colonies of
streptococci and lactobacilli. There is, howeverelatively shortage of TOS component
due to the fact that the manufacturer (Yakult, Taklapan) is still producing TOS in pilot
amounts, prior to a full scale production procesth wihe aim of producing TOS as a
component for infant foods (Wijsman et al., 198B)e authors suggested the use. -of
arabinose as a possible substitute for TOS. Theireose agar yielded only colonies of
Bifidobacterium sp. when enumerating product that contained the méxtuof

Bifidobacterium sp., Lb. acidophilus and starterS. thermophilus. Colonies of S.
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thermophilus andLb. acidophilus could not be detected anarabinose agar thus addition
of NNLP was not necessary. The Bergey's Manual, éwar, suggested that not all
Bifidobacterium sp. can ferment-arabinose (Buchanan & Gibbons, 1974). Thus the
effectiveness of this media has to be tested dineeability of Bifidobacterium sp. to
fermentL-arabinose varies with strain.

A few other media such as modified Columbia agaC®| Arroyo, Martin and
Cotton Agar (AMC) and RCA with aniline blue and ldiacillin (RCA-AD) have also
been used for the selective enumeratiorBidifdobacterium sp. in cheeses (Table 2.6).
MCA was used for the selective enumerationBdidobacterium sp. in Cheddar like
cheese and in fresh cheese in the presence @rdertococci (Daigle et al., 1999; Roy et
al., 1997). No information was found about the célgy of this media against other
probiotic such a&b. acidophilus andLb. casei. Darukaradhya et al. (2006) compared the
effectiveness of AMC and RCA-AD media for selectesumeration oBifidobacterium
sp. in Cheddar cheese, and found that AMC mediaiteld the growth of_b. acidophilus
or Lb. casel but did not inhibit the growth of starter lactocooc NSLAB. RCA-AD, on
the other hand, inhibited the growth bb. acidophilus, Lb. casel and NSLAB but it
allowed the growth of starter lactococci. The pneseof aniline blue (dye), however,
allowed the easy distinguishing 8ifidobacterium colonies from starter lactococci on
RCA-AD.

This review shows that several media have beenestgd for isolation and
differential/selective enumeration of probiotic t&a@ in fermented dairy products and
cheeses. The range of different media used fodéection and enumeration of probiotic
bacteria in fermented foods indicates that thereoisstandard medium. The difficulties
associated with the detection and enumerationaliptic bacteria is caused by the strain
specificity of results, the simultaneous use offedédnt species in the product and
differences found in cell recovery or colony diffatiation. Many of the media developed
to enumerate probiotic bacteria have failed becafsthe lack of recovery, lack of
selectivity or differentiation among colonies (Bstgn et al., 2004). The media proposed
for routine analysis for differential or selectieaumeration of probiotic bacteria should
not be complex or time-consuming to prepare andilshoffer a good cell recovery for

the microorganisms.
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2.5. Biochemistry of cheese ripening

A series of chemical and biochemical reactions pabwring Cheddar cheese
ripening including glycolysis, lipolysis and moshportantly proteolysis (Fox et al.,
1993).

2.5.1 Glycolysis

About 98% of lactose is removed in the whey asoketor lactate during the
manufacture of Cheddar. Concentration of lactos€meddar cheese is ~ 1.5%. This
residual lactose is metabolized rapidly, predontiyato L-lactate, mainly by starter
bacteria.Lactococcus lactis ssp.lactis andL. lactis ssp.cremoris metabolize lactose to
L(+) lactic acid; the glucose moiety is metabolizad the Embden-Meyerhof (EM)
pathway while galactose is metabolized via the ttzga pathway. NSLAB such as
Lactobacillus sp. may also metabolize the residual lactose. Gl lactobacilli convert
galactose via the Leloir pathway to glu-6-P andthreetabolize t@L-lactate via the EM
pathway (McSweeney & Fox, 2004).

The rate of fermentation of the residual lactosgréatly dependent on the salt-in-
moisture (S/M) content of the curb. lactis ssp.cremoris is more salt sensitive thdn
lactis ssp.lactis, which in turn is more sensitive than NSLAB (McRwmey & Fox, 2004).
Since some NSLAB are facultative heterofermentatitbee S/M concentration may
determine the products of lactose fermentationnduripening. At low S/M concentration,
residual lactose is converted mainlyLtéactate by the starter. At high S/M concentration,
considerable amount af-lactate is formed, partly by fermentation of lasep partly by
isomerization ofL-lactate (Figure 2.6). The racemizationLefactate causes undesirable
white specks on the surface of Cheddar cheesehwheay cause consumers to reject
cheese as being mouldy or containing foreign bodiegstals growth requires nucleation
centres which may be bacterial cells, or microalyst calcium phosphate. Low pH, high
salt (causes the ion-exchange of Nar C&£") or lower ripening temperature (reduce the
solubility of Ca-lactate) will favour crystal forrtian (Dybing et al., 1988).

Lactate can also be metabolized by LAB, dependmgtmain, to acetate, formate
and CQ. Thomas (1987) reported that NSLAB isolated fromeease such akb.
plantarum andLb. brevis can oxidizeL- andD-lactate to acetate in cheese. Oxidation of

lactate to acetate in cheese depends on the NSlopBlgtion and on the availability of
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oxygen, which is determined by the size of the bland the oxygen permeability of the
packaging material (Thomas, 1987). Gas productiomizrooganisms may also occur in
cheese during ripening and may be desirable (eyg.,production in Swiss and Ducth-
type cheeses) or a defect. Contamination of mitk @I. tyrobutyricum results in a defect
known as late gas blowing caused by anaerobic roksab of lactate to butyrate and, H
during ripening (Thuault et al., 1991). Cheddar edeeis not susceptible to late gas
blowing mainly because it is dry-salted and has lp# (optimum growth forCl.
tyrobutyricum is pH 5.3 — 5.9, NaCl level of 0 — 0.6%) (McSweg8eFox, 2004). The
time lag for the salt to reach an inhibitory letl@loughout the cheese may, however, pose
a problem. Some NSLAB such &b. brevis andLb. fermentum were also able to cause
late gas blowing in Cheddar cheese (Laleye etl1887). Late gas blowing may be

avoided by minimizing spore numbers in milk by gdgdjiene and pasteurization.
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Figure 2.6. Summary of pathway in which lactose is metabolidadng cheese during
ripening: (1) racemization by NSLAB, (2) oxidatiar lactate to formate, ethanol and
acetate, and (3) anaerobic metabolism of lactabeitgrate and KHwhich leads to late gas
blowing.

38



Literature Review

Acetate is usually present at high concentratiochieeses and is considered to
contribute to cheese flavour, although a high cotration may cause off-flavours.
Acetate may also be produced by starter and notestaacteria from lactose, citrate or
from amino acids (Thomas, 198Bjfidobacterium sp. was able to produce acetic acid as
their metabolic end product. Increased acetic aoittentration in Cheddar cheeses with
the addition ofBifidobacterium sp. has been reported (Gomes et al., 1995). Igehes
Bifidobacterium, hexoses are degraded exclusively and specificaflythie fructose-6-
phosphate pathway described by Scardovi and Triiv@Ei®65). The fermentation of two
moles of glucose leads to three moles of acetatévam moles of lactate (Figure 2.7). The
key enzyme involved in this glycolytic pathway rsidtose-6-phosphate phosphoketolase
(F6PPK), which is also used as a taxonomic charantedentification of the genus
Bifidobacterium.

Citrate is present in milk at a relatively low centration (~8 mmol 1). About
94% of citrate in milk is soluble and most of itlast in whey. Cheddar cheese contains
0.2-0.5% citrate. Citrate is metabolized by mostiss ofL. lactis subsplactisor L. lactis
subsp.cremoris and Lactobacillus sp. to diacetyl, acetate, acetoin and,(®xalles et al.,
1998). Acetate and diacetyl produced from citragtaiolism may contribute to Cheddar
cheese flavour. C{production, on the other hand, is responsiblgHerundesirable open
curd defects in Cheddar cheese. Thomas (1987) shtived citrate in Cheddar cheese
decreased slowly to almost zero at 6 mo, presumablya result of metabolism by
lactobacilli which became the major component efNN\ELAB flora.
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Figure 2.7. Metabolic pathway ofBifidobacterium. 1 = hexokinase and glucose-6-
phosphate isomerase; 2 = fructose-6-phosphate pbksiplase (F6PPK); 3 =

transaldolase; 4 = transketolase; 5 = ribose-5{gate isomerase; 6 = ribulose-5-
phosphate epimerase; 7 = xylulose-5-phosphate pb&spolase; 8 = acetate kinase; 9 =
homofermentative pathway enzymes; 10 1£+) lactate dehydrogenase; 11 =
phosphoroclastic enzyme; 12 = formate dehydrogent3e= alcohol dehydrogenase.

Adapted from Ballongue (2004).
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2.5.2 Proteolysis

Proteolysis is the most complex biochemical evehiclwv occurs during cheese
ripening. Proteolysis in probiotic Cheddar cheesescatalysed by proteinases and
peptidases from several sources including indigerenzyme from the milk, coagulant,
starter, NSLAB and probiotic adjuncts. Becausehefénzyme activity, the casein content
decreases during ripening. Caseins account foo Ab% of the total milk proteins and
are composed adgs-, asr, B- andk- caseins in a ratio of 3: 0.8: 3: 1 (Updhyay ef al

2004). The summary of the proteolysis which océangrobiotic Cheddar cheeses during

ripening is summarized in Figure 2.8.

Plasmin
Chymosin 1

Intermediate-sized
peptides

Proteinases from
Lactococcu

Short peptides

Peptidases fromLactococcus,
NSLAB & probiotic

Amino acids

Figure 2.8.Proteolysis in probiotic Cheddar cheese duringnipg.

Primary proteolysis of the cheese is caused bgdagulant and to a lesser extent

by plasmin and perhaps somatic cell proteinaseghwinesult in the formation of large-
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(water-insoluble) and intermediate-sized (wateuBld) peptides. These intermediate-
sized peptides are further hydrolysed by the c@aguand proteinases from starter,
NSLAB and probiotic adjuncts. The production of #npeptides and amino acids is
caused by the action of the microbial proteinasebeptidases, respectively (Upadhyay
et al., 2004).

Proteolysis contributes to the development of shdexture via the hydrolysis of
protein matrix of cheese, via the increase in pkbugh the production of NgHfrom
amino acids catabolism and by increasing the waiteting capacity of the curd through
the formation of news— carboxylic andr— amino groups produced during hydrolysis of
peptide bonds (Upadhyay et al., 2004). Proteolgss® contributes to flavour of the
cheese through the liberation of short peptidesaantho acids, some of which may have
flavours and through the production of amino a@dsrecursor for a range of catabolic
reactions which produce many important volatile poomds (McSweeney & Sousa,
2000). Following are the brief reviews of the ratindigenous enzyme from milk,

coagulant, starter, NSLAB and probiotic to protemyof cheese during ripening.

2.5.2.1 Role of indigenous enzyme in milk on proteolysis during ripening

Milk contains a number of indigenous proteinaseshsas plasmin, which is
produced from an inactive precursor, plasminogéasr®in is a heat stable trypsin-like
serine proteinase with optimum activity at pH 7l 87°C. Plasmin contributes more to
proteolysis in Swiss-type cheese due to the faat tihese cheeses are cooked at high
temperature (~55 °C), at which most of the coagulemymosin) is inactivated, but on the
other hand plasminogen is activated (Farkye & Fbd990). Plasmin also plays an
important role in ripening of mould- or smear- mnpe cheese varieties such as
Camembert and Tilsit. Catabolism of lactic acid dedmination of amino acids with the
production of NH by the mould on the surface of the cheese reswhiincrease in the
pH of the cheese to ~7.0. The increase in pH fat#$ plasmin action, which contributes
significantly to proteolysis of these cheeses (Upyag et al., 2004). Plasmin is most
active onp-CN, hydrolysing it at three sites to produgeaseins and some proteose-
peptones (Fox et al., 1994). Milk may also consmatic cells, which contain lysosomes
with a number of proteinases including cathepsin®BG, H, L and elastase (Keely &
McSweeney, 2003). Most of these lysosomal enzymesomatic cell can hydrolyse a

wide variety of proteins includings;- andp-CN and the cleavage site has been studied by
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several workers (Larsen et al., 1996; Considing.e2000, 2002, 2004). The presence of

some of the lysosomal enzymes in milk, however,nwdeen confirmed yet.

2.5.2.2 Role of coagulant on proteolysis during ripening

Chymosin (EC.3.4.23.4) is the principal proteing&®94%) in the traditional calf
rennet, the remainder being pepsin (EC 3.4.23.4yn®sin is an aspartyl proteinase of
gastric origin, secreted by young mammals. Thecppal role of chymosin in cheese
making is to hydrolyse the Phe — Metgs bond of the micelle-stabilizing proteir;
casein, as a result of which the colloidal stapitif the micelles is destroyed, leading to
gelation at temperature >20°C (refer to section2232. Most rennet added to milk during
Cheddar cheese production is removed through tleyw@reamer et al. (1985) reported
that ~6% of chymosin added to milk is retainedhia turd, but the amount increased with
decreasing pH at whey draining. Chymosin is weakbteolytic (Upadhyay et al., 2004).
During milk coagulationgs:-, as- andp-CN are not hydrolysed, but may be hydrolysed in
cheeses during ripening.

Chymosin cleave$-CN at seven sites: Ledy—Tyros Alaigg—Phego, Lelss
Sefigs, Glmer—Seligs, Lelez—Selss, Letsg—Leuss Leu~Throg in solution of 0.05 M
sodium acetate buffer at pH 5.4 (Visser & Sland€7,7). Chymosin cleaveg; at Phes-
Phe, and the small peptides; (f1-23) is hydrolysed rapidly by starter proteiess
Chymosin was also known to cleave LeBroy, PhegPras PhexGlyss, LewgSen,,
LeuiorLySio2 LeusrAlaiss, LeusgPhass, PheszTyriss LewssAspisz, TyrisgProeo,
Trpisa TYries and PhegSelgo at pH 5.2 in the presence of 5% NaCl, a similardeoon
in many cheese varietiess>CN is relatively resistant to proteolysis by chysimo
Cleavages sites ofis>CN by chymosin are restricted to hydrophobic ragaf the
molecule, Phg-Tyrgg, Tyros-LeUgs, Glng~Tyros, Tyrgg-LelUgy, Ph@ezLelhss, Phazs-Alaszs
and TyrrgLeugo (Upadhyay et al., 2004).

2.5.2.3 Role of starter, NSLAB and probiotic microorganisms on proteolysis

Starter bacteria contain cell envelope proteinagash contribute to ripening by
hydrolysing intermediate size and short peptidesnfrthe caseins by the action of

chymosin or plasmin. Starter bacteria also conpeiptidases, which are responsible for
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the hydrolysis of short peptides and the liberabbamino acids. The proteolytic system

of Lactococcus is summarized in Figure 2.9.

Cell envelope- Intracellular proteinases

associated Endopeptidases
l’f'“t‘?m“'“' { PepO, PepF)
(CEP, P“"_P-* Aminopeptidases
Lactocepin) (Pepl¥, PepC, PepA, PCP, PepL)
& Proline-specific peptidases
M:} ' (PepX, Pepl, PepR, PepQ, PepP)
Casems 0 ]E;i]]}?l?]}tli;l;ﬁf SA
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@ . Tripeptidase
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Transport il Y Fed” CHEESE

Nystem Di, tripeptides [ £ No carboxypeptidase
Oligopeptides

Figure 2.9. Proteolytic system dfactococcus and other lactic acid bacteriadapted from
McSweeney & Fox (2004).

Milk contains very low levels of small peptidesdaamino acids to support the
growth of LAB. The proteolytic system of LAB enabl¢hem to grow in milk. Starter
lactococci possess a cell envelope-associated ipaste (PrtP or lactocepin). PrtP
contributes to the formation of small peptides lre@se, probably by hydrolyzing larger
peptides produced by chymosin or plasmin. Cell lpee associated proteinases with
properties similar to the lactococcal lactocepiagehalso been isolated from a number of
strains ofLactobacillus (Kunji et al., 1996).

Starter lactococci also possess intracellular igapes, endopeptidases,
exopeptidases (aminopeptidases, proline-speciftigeses), dipeptidases, tripeptidase
and a number of oligopeptide, di-, tri- peptide @mdino acid transport systems (Figure
2.9). The intracellular peptidases are respondsibiethe release of free amino acids
especially after the cells have lysed. The protenkystem of other LAB such as NSLAB
and probiotic are generally similar (Kunji et d1996).

Addition of NSLAB as an adjunct to the normal sarto improve proteolysis,

increase casein hydrolysis and enhance flavour lojevent during Cheddar cheese
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ripening has been studied by several researcheosifie et al., 1990; Drake et al., 1996;
Lynch et al., 1996; Muir et al., 1996). Probiotiackeria also possess proteolytic system
that may contribute to the release of small peptidad free amino acids in cheese
(Shihata & Shah, 2000). Addition of probiotldy. paracasel or Lb. acidophilus in
Cheddar cheese has been reported to increase Ipsigeespecially in the formation of
low molecular mass peptides and free amino acidsdi@er et al., 1998; Bergamini et al.,
2006). In contrast to that, study conducted by Kamaand Mistry (1994) found that
proteolysis pattern was not affected by the addigbBifidobacterium in Cheddar cheese
(see Chapters 3 & 4 for the contribution of variopobiotic microorganisms to

proteolysis during ripening).

2.5.2.4 Measurement of proteolysis

Most nitrogenous compounds that contribute to ahefém/our are soluble in
agueous solvents. Quantification of nitrogen inevaoluble extract (WSE) by using the
macro-Kjeldahl method is commonly used as crudexnof cheese ripening. Kuchroo
and Fox (1982) compared various extraction proeidor Cheddar cheese and the
procedure recommended for the preparation of WSgrased cheese homogenized at
20°C for 10 min with twice its weight of water; theugly was held at 4@ for 1 h,
centrifuged and filtered. High performance liquidramatography (HPLC) analysis of
WSE has also been effectively used for the evalonaif cheese maturity. WSE extracted
from 41 different commercial Cheddar cheeses witlifer@nt ages showed
chromatographic peaks with different relative aretsvhich varied with the age of the
cheeses (McSweeney et al., 1993). WSE is also dretyuused for the isolation of
peptides and amino acids using RP-HPLC.

Trichloroacetic acid (TCA) is the protein precipitethat is commonly used to
fractionate cheese nitrogen. The concentrationsl wsgied from 2 to 12%. It was
observed that rennet, and starter peptidases spensible for the formation of some of
the 12% TCA soluble nitrogen (McSweeney et al.,3)9Phosphotungstic acid (PTA) is a
very discriminating protein precipitant. Free amamds, except dibasic amino acids are
soluble in 5% PTA, but peptides greater than alb@0t Da are precipitated. Five percent
PTA-SN has been widely used as an index of freemaracids in cheese. PTA-SN is
produced primarily by the action of microbial pejises. Both PTA-SN and TCA-SN
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correlate significantly® < 0.001) with the age and flavour intensity of Ciedcheeses
(Aston et al., 1983).

Electrophoresis has been applied widely to studywary proteolysis in cheese and
is mostly related to the activities of residual galant and plasmimns;—CN hydrolysed
faster tharB-CN in cheesesusi—CN is the principal substrate for rennet durimening
and is converted tos-I CN [os; (f1-23)] during the initial stage of ripening anther
peptides at the later stage of ripening (see se@ib.2.2). The level of residuali—CN
detected using gel electrophoresis is a good infi¢ixe level of general proteolysis at the
early stage of ripening-CN is not extensively hydrolysed in bacterial npd cheeses
although in some varieties such as Emmental andd&oa considerable amount of
casein is formed via the action of plasmin, thevagtof which appears to be dependent

on the cooking temperature (see section 2.5.2.1).

2.6. Bioactive peptides

Bioactive peptides have been defined as ‘peptidiéls mormone- or drug- like
activity that eventually modulate physiological étion through binding interactions to
specific receptors on target cells leading to inidmc of physiological responses’
(Fitzgerald & Murray, 2006). Milk protein is a ricdource of biologically active peptides
such as antihypertensive-, antithrombotic-, opioichmune-stimulating-, antimicrobial-,
mineral carrying- and cholesterol lowering-peptid€sah, 2000c). The activity of the
peptides is based on the inherent amino acid cotngosand sequence. Bioactive
peptides usually contain 3 — 20 amino acids pereoué. The peptides must both cross
the intestinal epithelium and enter the blood datian, or bind directly to specific
epithelial cell-surface receptor sites in ordecénise a biological response (Korhonen &
Pihlanto-Leppald, 2006). Most of these peptideshagelen in the inactive state in the
original parent protein structure and may be r&daturing food processing and storage.
Bioactive peptides may be released through (a)dtysis by digestive enzymes such as
trypsin and pepsin (FitzGerald et al., 2004; Ko#m@& Pihlanto-Leppéld, 2006), (b) food
processing (Van-Beresteijn et al.,, 1994) and (apubh hydrolysis by proteolytic
microorganisms or through the action of proteolygozymes derived from the
microorganisms (FitzGerald & Murray, 2006). Thigieav will focus on antihypertensive
peptides, the role of food processing and LAB ia tibberation of these peptides, the
occurrences of these peptides in cheeses and émgfication methods for bioactive

peptides.
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2.6.1 Antihypertensive peptides

In the rennin-angiotensin system, Angiotensin-lv@ting enzyme (ACE;
peptidyldipeptide hydrolase, EC 3.4.15.1) playsuxial role in the regulation of blood

pressure and cardiovascular function (Figure 2.10).

RENIN- ANGIOTENSIN SYSTEM KALLIKREIN-KININ SYSTEM
Asp-Arg-Val-Tyr-lle-His-Pro-Phe-His-Leu-Leu Bradykinogen
Angiotensinogen
lRenm l Kallikrein
Asp-Arg-Val-Tyr-lle-His-Pro-Phe-His-Leu Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg

Angiotensin | Bradykinin

Angiotensin-I-
converting enzyme

[ Vasodilation

ACE

Asp-Arg-Val-Tyr-lle-His-Pro-Phe + His-Leu Arg-Pro-Pro-Gly-Phe + Ser-Pro + Phe-Arg

A¢iote%A Inactive fragments

Vasoconstriction ] Aldosterone secretion
v
l l Decreased peripheral
vascular resistance
Increased peripheral Increased Na*and
vascular resistance water retention
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Figure 2.10.Regulation of blood pressure: role of angiontensinnverting enzyme in
rennin- angiotensin system and Kallikrein-Kinin teys. Adapted from Li et al. (2004).

ACE converts the inactive decapeptide angiotendig tleaving dipeptide from
the C-terminus into angiotensin I, a potent vasstactor. Angiotensin 1l is also
involved in the release of a sodium-retaining steraldosterone, from the adrenal cortex,
which has a tendency to increase blood pressubmgfan, 1992). In the Kallikrein-Kinin
system, ACE catalyses the degradation of bradykimimasodilatory nonapeptide. ACE
has also been shown to degrade ekephalins, nesiotand substance P, which may
interact with the cardiovascular system (Li et @004). Inhibition of ACE is thus

considered useful therapeutic approach in thenresat of hypertension.
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ACE inhibition may also influence different reguat systems involved in
modulating blood pressure, immune defence, andonsrgystem activity (Meisel, 1998).
The first reported competitive inhibitor of ACE ke naturally occurring peptides in
snake venom (Ondetti et al., 1971). Many other A@lbitors have been discovered
from enzymatic hydrolysis of bovine caseins, plantl other food proteins (Okamoto et
al., 1995). ACE- inhibitory peptides have also besatated from a variety of fermented

dairy products including cheeses, fermented mitk yoghurt.

2.6.2 Role of food processing in the liberation of bioaat peptides

The structural and chemical changes that occumdutine processing of food
proteins may result in the release of bioactivetidep. In particular, heat and/or alkali
treatment can generate additional inter- and imtodecular covalent bonds that are
resistant to hydrolysis. Such processing conditelas promote the racemic conversion of
L-amino acids tm-isomers and consequently lead to the indigespblatide bonds. The
potential formation of indigestible peptide sequenduring food processing may promote
both formation and absorption of bioactive peptitlest do not occur naturally in the
precursor protein. For example, hydrolysed milkt@ires used for hypoallergenic infant
formulas for clinical application and as food indjents consist exclusively of peptides
including bioactive peptides (Van-Beresteijn et, all994). Cheese contains
phosphopeptides as natural constituents and segopd#eolysis during cheese ripening
leads to formation of various ACE- inhibitory pejas (Singh et al., 1997). Proteases
from food itself, such as plasmin in milk, can hylglse proteins during food processing
which may become precursor for formation of bioazpeptides.

2.6.3 Role of lactic acid bacteria in the liberation ofidiactive peptides

Various oligopeptides and peptides are liberatathdumicrobial fermentation of
milk products. The proteolytic system of LAB hasbeexplained in section 2.5.2. LAB
can hydrolyse more than 40% of the peptide bonds©RN resulting in the formation of
more than 100 different oligopeptides, which aréumm actively degraded by the complex

peptidases system. The same pattern is reportedusfe€N (Kunji et al., 1996).
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Consequently LAB could potentially generate a langgiety of peptides including
bioactive peptides.

Nakamura et al. (1995) reported that two peptidiéls amino acid residues of Val-
Pro-Pro and lle-Pro-Pro, isolated from sour milknfented withLb. helveticus and
Saccharomyces cerevisiae, exhibited ACE inhibitory and antihypertensiveiates. The
concentrations of the peptides required to intibko of angiotensin-I-converting enzyme
activity (ICso) were 9 and 5 pmolt, respectively. Several other ACE inhibitory pepsd
derived fromp-CN including (f 6-14), (f 47-52) and (f 73-82) leabeen isolated from
fermented milk withLb. delbrueckii subsp.bulgaricus SS1 and.. lactis subsp.cremoris
FT4 (Gobbetti et al., 2000). Ashar and Chand (200dintified ACE-inhibitory peptides
from milk fermented with_b. delbrueckii ssp.bulgaricus or combination o&treptococcus
thermophilus and L. lactis subsp.lactis with 1Cso of 1.7 mg mL* and 1.4 mg mt,
respectively.

In addition to live microorganism, proteolytic gnzes isolated from LAB have
been successfully employed to release bioactivéigespfrom milk proteins. Yamamoto
et al. (1994) reported that casein hydrolysed leydbll wall-associated proteinase from
Lb. helveticus CP790 showed antihypertensive activity in spontaedoypertensive rats
(SHR). The peptides were derived fraq-CN including (f 24-31) and (f 170-199) and
from B-CN including (f 168-175), (f 183-190), (f 113-127) 193-210), (f 70-97), (f 191-
210) and (f 16-91). Among those peptides, (f 43-@3hep-CN showed the highest ACE
inhibitory activity with 1Gyo of 4 umol L* (Yamamoto et al., 1994). Pan et al. (2004)
hydrolysed skimmed milk with a cell-free extractLdf. helveticus JCM1004 and purified
the antihypertensive tripeptides Val-Pro-Pro ardHto-Pro, from the hydrolysate with
ICs0 Of 9.12 + 0.21 pmol t and 5.15 + 0.17 umoli, respectively. A significantq( <
0.01) decrease in systolic blood pressure in SHR miaasured after a single gastric

intubation of peptides, Val-Pro-Pro and lle-Pro-Pro

2.6.4 Bioactive peptides in cheeses

Ripened-type cheeses contain numerous peptidesriatate mainly from casein
released as a result of proteolysis during ripenwarious phosphopeptides have been
found as natural constituent in Parmesan and Chexthdgses (Addeo et al., 1992; Singh
et al., 1997). Smacchi and Gobbetti (1998) repotted peptides isolated from Italian

cheeses (Crescenza, Gorgonzola, Mozzarella anigoltalvere effective in reducing

49



Literature Review

activity of ACE. Some ACE-inhibitory peptides hawatso been isolated from other
varieties such Parmesan cheese (Addeo et al., 18@2)da cheese (Meisel et al., 1997;
Saito et al., 2000), Cheddar cheese (Ryahanen, &08&l1), Finish cheeses (Korhonen &
Pihlanto-Leppala, 2001), Manchego cheese (Gomez-Ruial., 2002) and Australian
cheeses (Dionysius et al., 2000). Cheeses prefremmmercial enzymes (Neutr&se
and Debitras®) andLb. casei enzymes (amino peptidase) were also reported tupe
bioactive peptides (Haileselassie et al., 1999)blda2.7 shows some examples of
bioactive peptides that have been identified inotex cheeses.

The appearance of these bioactive peptides is depemn the ripening stage of
the cheese. Ang-CN derived antihypertensive peptide isolated fidanmesan cheese at
6 mo of ripening could not be found after 15 mo d¢Ad et al., 1992). Similarly the
antihypertensive activity found in long-ripened @aucheese was half as much as that
found in its medium-aged counterpart (Meisel et 8097). Following isolation from
Gouda cheese, Saito et al. (2000) analysed thetsteuof the antihypertensive peptides
and concluded that the strongest depressive effethe systolic blood pressure (SBP)
and the highest ACE-inhibitory capacity were asstec with peptides found in 8 mo old
water soluble extract of the cheese (maximum dseer@a SBP was 24.7 + 0.3 mm Hg
after 6 h of gastric intubation at doses betwednafid 7.5 mg K§ body weight). Two
peptides isolated from the water soluble extraateweentified asis;-CN (f 1-9) andp-
CN (f 60-68).

A fermented low-fat hard cheese produced with mibiLAB was found to
produce high amounts of ACE-inhibitory peptidesieat fromas-CN during maturation
(Ryahanen et al., 2001). Consistent with theseifgg] Gomez-Ruiz et al. (2002), who
studied the ACE-inhibitory peptides in Manchego edee found the antihypertensive
activity to decrease within the first 4 mo, was maxm at 8 mo of ripening and decreased
again at 12 mo. The peptides emerged at the agevad and their level remained stable
for 6 mo. These results suggest that the conceniratf active peptides in cheeses
increases with cheese maturation, but starts tobilig& or decline when proteolysis

exceeds a certain level.
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Table 2.7.1dentified bioactive peptides from various cheeses

Product Bioactive peptides Bioactivity References
i ) ) Phosphopeptides
Parmesan cheese p-CN (f 8-16), (f 58-77) ACE- inhibitory Addeo et al. (1992)

as7CN (f 83-33) Precusor of-casomorphins

Cheddar cheese asi- andB-CN fragments Phosphopeptides Singh et al. (1997)

Gouda cheese as1-CN (f 1-9),B-CN (f 60-68) ACE- inhibitory Meisel et al. (1997Faito et al. (2000)

N Opioid activity ) _
Enzyme modified cheese B-CN (f 60-66) o Haileselassie et al. (1999)
ACE- inhibitory

Italian cheeses varieties:

Mozarella, Crescenza, Italico, Gorgonzola B-CN (f 58-72) ACE- inhibitory Smacchi and Gobbéttb9o8)

Australian cheeses varieties: ACE- inhibitory

Cheddar, Edam, Swiss, Feta, Camembert, Active peptides not identified Immunomodulatory Dionysius et al. (2000)

Blue vein Opioid agonist

Finnish cheeses varieties: . . . . S . -

sk, ErTETE L e, S A Active peptides not identified ACE- inhibitory Karvhen and Pihlanto-Leppéala (2001)
Low fat Cheddar cheese asr-CN (f 1-9), (f 1-7), (f 1-6) ACE- inhibitory Ryham et al. (2001)

Manchego cheese Ovingr, asr andB-CN fragments ACE- inhibitory Gomez-Ruiz et al. (29

51



Literature Review

In recent years, a few fermented dairy productd vaibtinypertensive peptides
have been launched in the Japanese, Finish andddé&ts (Table 2.8).

Table 2.8.Commercial dairy products with health claims basedioactive peptides

Product Bioactive peptides Health claims  References

Ameal S — sour milk B- CN, k- CN Reduction of blood Hata et al. (1996),
Val-Pro-Pro, lle-Pro-Pro pressure Takano (1998)

Evolug — calcium enriched B- CN Reduction of blood Seppo et al. (2002, 2003)

fermented milk drink Val-Pro-Pro, lle-Pro-Pro pressure

BioZate — hydrolyzed whey B- lactoglobulin (f142-148) Reduction of blooKlink (2002)
protein isolate pressure

Festivd — fermented low fat os-CN (f1-9), (f 1-7), (f1-6)  No health claim yet Rghen et al. (2001)
hard cheese

"Ameal S is produced by Calpis Food Industry Co Wahan:Evolus is produced by Valio Oy, Finland;
®Biozate is produced by Davisco Foods Internatidnal USA: “Festivo is produced by MTT Agrifood

Research, Finland.

The Japanese sour milk product “Ameal S"™ is maglénbculating skim milk
with a starter containingb. helveticus and S cerevisiae. The fermented drink is rich in
the peptides Val-Pro-Pro and lle-Pro-Pro which hglrewn to lower blood pressure in
clinical trials with mild hypertensive humans wahmaximum decrease in SBP of 14.1 +
3.1 mm Hg after 8 wk (Hata et al., 1996). The pridtEvolus”™ also contains the
ACE- inhibitory tripeptides Val-Pro-Pro and lle-PiRwo. Evolus™ is the product of
fermentation withLb. helveticus LBK16H. This fermented milk drink has demonstrated
hypertensive effects in SHR with a maximum decreaseBP of 6.7 £ 3.0 mm Hg after
21 wk (Seppo et al., 2003).

A fermented low fat hard cheese “Festivo” was depetl in Finland (Ryahanen et
al., 2001) with probiotic LAB and was found to puag high amount of ACE-inhibitory
peptides. A whey protein hydrolysate “BioZate”, taoning ACE-inhibitory peptide was
recently developed by Davisco Foods International There was a significant decrease
in both systolic and diastolic blood pressure ghdryensive men and women with a daily
dose of 20 g after 6 wk (Klink, 2002).

The ACE inhibitory peptides derived from food protiuiare not as potent as the
drugs commonly used for hypertension treatment.s&hproducts, however, hold a
moderate bioactivity, and behave intrinsically axadiurally as functional foods. They can
be easily included in the daily diet and can regméga natural alternative to ACE inhibitor

drugs.
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2.6.5 Identification of peptides

Several methods are available for the sequencidgdemtification of peptides. The
most popular methods that are currently used feridentification of bioactive peptides
from dairy products are the N-terminal sequencifighe Edman degradation method
(Singh et al., 1997, Saito et al., 2000; Ryahartead.e2001) and peptide sequencing using
mass spectrophotometry (Gobbetti et al., 2000; Mineet al., 2003).

2.6.5.1 Edman degradation

Automated Edman degradation chemistry consistshadet steps, a) coupling of
phenylisothiocyanate (PITC) with the alpha-aminougr of the protein/peptide at pH 9-10
to form a phenylthiocarbamyl (PTC) group, b) clegady anhydrous acid trifluoroacetic
acid (TFA) to generate an anilinothiazolinone (ATahino acid and c) conversion of the
ATZ derivative to the more stable phenylthiohydamt@TH) derivative. Finally, the PTH
amino acids are analysed usually by HPLC (Figuté)2.
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Figure 2.11. The Edman degradation reaction. PITC, phenyliscifaonate; PTC,
phenylthiocarbamoyl; ATZ, anilinothiazolinone; PTldhenylthiohydantoinAdapted from
Yarwood (1989).
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After one complete Edman reaction, the shortengudige= can be recycled to yield
the PTH-derivative of the next residue and thusiifigng the next amino acid (Yarwood,
1989) (see Appendix B for the example of RP-HPL@wotatogram for standard of PTH-
amino acids). Some proteins may, however, undeagt-tpanslational modifications that
make the N-terminus unavailable for coupling to ®@I{the £' step in Edman chemistry).
These proteins are effectively “blocked” and nousgging data can be obtained from them
in this state. A number of methods for removingeXstinal blocking groups have been
reported without any success. A better approachbfocked proteins is to subject the
sample to matrix assisted laser desorption iomnatime of flight (MALDI-TOF) mass
spectrophotometry analysis and/or chemically asgistagmentation (CAF) chemistry to

obtain sequence information.

2.6.5.2 Matrix assisted laser desorption ionization-time of flight

Purified peptides are incorporated into a matrixclwhhelps the molecules ionize
when hit by a laser. The resultant ions are acatddrby high voltage into a time of flight
(TOF) tube. The velocity that these ions reachejgethdant on their mass, with lighter ions
acquiring a higher velocity than heavier ions. Heare if the velocity of the ions is kept
constant then the time that it takes for ions taahdetector will be dependant only on their
mass. The detector converts each of the timesaimi@ss and produces a mass spectrum for
each peptide, which is characteristic to that mdkecThe mass spectrum can then be used

to search a database to identify the peptide bas¢kde molecular weight (see Chapter 6).

2.6.5.3 Chemical assisted fragmentation in combination with MALDI

Derivatization of tryptic peptides using an EttarCAF MALDI sequencing kit in
combination with MALDI-post source decay (PSD) ifaat, accurate and convenient way
to obtain peptide sequencing data. CAF is basesobd-phase derivatization using a new
class of water stable sulfonation agents; thisngilgoimproves PSD analysis and simplifies
the interpretation of acquired spectra.

CAF-MALDI chemistry is based on the introductionahegatively charged group

to the N-terminus of peptides generated by trymligestion. After derivatization, the
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formation of a positively charged ion (net charggjoduces two protons into the peptide.
One of these protons will primarily reside in theste C-terminal side chain, while the other
has a higher degree of freedom to resonate indpde backbone, assisting fragmentation.
Only the y-ion fragments formed will retain a neisfiive charge and become separated in
the reflectron, while N-terminal fragments are malutand not detectable. With the
generation of only y-ion series fragments, the nastsveen two peaks on the spectrum
could be corresponded to the mass of individuahanaicids (Flensburg et al., 2005) (see
Chapter 6).

2.7. Acceleration of cheese ripening

The maturation of Cheddar cheese and the develupoiefull flavour is a time
consuming process. Any method which can acceléhetenaturation and reduce storage
time will provide substantial savings. Methodsngprove maturation are based on increases
in proteolysis resulting in increased flavour deypehent. Research, however, has shown
that accelerating proteolysis does not necessianiyove flavour development, suggesting
that the production of amino acids is not the tedéting step in the development of cheese
flavour. The principal role of proteolysis in theoduction of flavour compounds is the
liberation of amino acids as precursors for a c@xderies of catabolic reactions that
produce many important volatile flavour compounfélscelerated maturation may involve
the use of elevated temperature, exogenous enzyatiesiuated starters or addition of
proteolytic strain of NSLAB (Azarnia et al., 2006).

2.7.1 Elevated ripening temperature

The biochemical reaction which generates flavoumpounds or flavour precursors
in cheese is accelerated by increasing the temyerat which the cheese is matured. Some
studies have indicated that increasing ripeningpeature from 6 to 15°C offers the
producer a technologically simple method to achisignificant acceleration of cheese
ripening (Aston et al., 1983; Law, 2001). After atoration of six mo, cheeses ripened at
13°C scored 4.4 on a 0 to 8 scale for flavour isitgn(corresponding to medium/mature
cheese) while cheese stored at 6°C scored 3.2e§mmnding to mild Cheddar) (Law,
2001). The effect of higher ripening temperatur88C( 15°C, 17.5°C and 20°C) for
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Cheddar cheeses stored for 32 wk was investigatedisbon et al. (1983). The levels of
12% TCA-SN and 5% PTA-SN increased with increasi@gperature and duration of
ripening. Cheeses stored at 20°C for 16, 24, 32hekyever, were described as strongly
off-flavoured, rancid, burnt or unclean. The maximtemperature at which cheeses could
be stored for 32 wk without significant deteriooatiin quality was 15°C, at which cheeses
showed levels of proteolysis after 12 wk similarctntrol cheeses stored at 8°C after 32
wk. In that study, the cheeses with higher levebmiteolysis were less springy, softer and
more fracturable.

An elevated ripening temperature may acceleratdas® of starter bacteria prior to
complete lactose utilization, which may lead to-ftdf/ours (Law, 2001). The growth of
most NSLAB increased with higher ripening tempeamtu-ermentation of lactose by
NSLAB produces some organic acid by-products ssdiomnic acid and acetic acid (Fox et
al., 1993). Excess of these compounds impairs lthedr balance of Cheddar cheeses.
Appropriate ripening temperatures are required tontin the balance growth of these

bacteria to achieve the optimum cheese quality.

2.7.2 Exogenous enzymes and attenuated cultures in acaa®ed ripening

Since cheese ripening is essentially an enzymaticess, enzymes may be added to
generate specific flavour in cheeses. The use ofienous enzymes has the advantage of
more specific action for accelerating flavour depehent compared to elevated
temperatures. Addition of neutral proteinase fBatillus subtilis (Neutrase), the aspartyl
proteinase oAspergillus oryzae, the alkaline protease &&acillus licheniformis (Subtilisin)
or the broad specificity proteinase fro@ireptomyces griseus (Pronase)to cheeses,
significantly accelerate cheese ripening with ewkdrcheese flavour, but with high level of
bitterness (Wilkinson, 1993). Kheadr et al. (2088jommended the use of an encapsulated
bacterial proteinase or fungal proteinase to acawleCheddar cheese ripening without
producing flavouror texture defects. The use lposomes (artificial lipid membrane
vesicles) as enzyme carriers also appeared toakerthe flavoudefects that usually result
from the addition of free enzyme€ell free extracts (CFE) ofb. heveticus, Lb.
bulgaricus, Lb. casal or L. lactis have also been used to increase the level of greptides
and free amino acids in cheeses. Addition of Ag=IECFE from lactococci) to Neutrase-
treated Cheddar cheese slurries was claimed taceebiterness due to the action of the

starter peptidases to breakdown large peptidesupeatiby Neutrase and/or chymosin to
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smaller peptides and free amino acids (Wilkins®93). The use of exogenous enzyme to
accelerate ripening seems promising. Enzyme additimwever, is not permitted in all
countries and the cost of enzymes such as protsngeeptidases and lipases can be
considerable, thus their use must be justified bgignificant acceleration of flavour
development.

Modified starter cultures such as (a) lysozymete@astarters, (b) heat or freeze-
shocked cells and (c) mutant starter cultures Hmeen used to accelerate ripening. The
objective of using modified/ attenuated startetasincrease the number of starter cells
without detrimental effects on the acidificationhedule during manufacture so that the
cells contribute only to proteolysis during ripemifWilkinson, 1993). Lysozyme and heat
treatment cause early lysis of the cells which leaédarly release of intracellular peptidases
in cheese. Law (2001) indicated that the increasthe intracellular peptidases increased
the concentration of free amino acids. Howevergfiect on the intensity of flavour over
the control was noted. It was concluded that iditatar enzymes may not play a direct role

in flavour development.

2.7.3 NSLAB in accelerated ripening

The addition of lactobacilli as an adjunct to thmmal starter to increase casein
hydrolysis and enhance flavour development durifigeddar cheese ripening has been
studied by many researchers. Many lactobacilli ddae adjuncts have been reported to
increase the concentration of free amino acids (FWACheddar cheese and to enhance
flavour development during ripening (Puchades t18I89; Lynch et al., 1996; Broome et
al., 1990).

2.7.3.1 Influence of Lactobacillus helveticus cheese ripening

Strains ofLactobacillus helveticus are homofermentative thermophilic LAB that are
used in the manufacture of Swiss-type and longaepdtalian cheeses. They are among the
most nutritionally fastidious LAB, and require maeogenous amino acids than most other
LAB (Kenny et al.,, 2003). At least 11 peptidasesnirLb. helveticus have been
characterised biochemically and/or geneticallyudaig the general aminopeptidases, PepC

and PepN; proline-specific peptidases, PepX, H&gpQ and PepR; dipeptidases, PepD and
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PepV; endopeptidases, PepE and PepO (Christensah, €i999), and more recently a
tripeptidase PepT (Savijoki & Palva, 2000). In diddi to the role that these peptidolytic
activities play in growth they also contribute teeaall proteolysis during cheese ripening
through the release of amino acids (which are flaypwecursors), decreasing bitterness by
hydrolysing bitter peptides, changing the texturg ljreakdown of the protein matrix) and
increasing the pH and water binding capacity by rieely formed amino and carboxyl
groups as peptide bonds are cleaved (Lawrence &08l7; Christensen et al., 2003).

Lb. helveticus may be added as adjunct in cheese manufacturimgptiave flavour
and accelerate ripeningb. helveticus DPC 4571 added as adjunct starter was previously
shown to lyse during Cheddar cheese ripening relgas intracellular enzymes, which led
to an increase in proteolysis and improved chelasedr (Kiernan et al., 2000). Autolysis
is the spontaneous disintegration of bacterialscefhich results in the liberation of the
cytoplasmic content of the cell, including the awellular enzymes. Autolytic starter
bacteria strains release their intracellular enzymiean early stage during ripening, thus
have the ability to accelerate cheese ripening emthnce cheese flavour (Crow et al.,
1995).

The proteolytic activity of.b. helveticusis also related to the release of biologically-
active peptides present in certain fermented niilke major role ofLb. helveticus in the
production of ACE-inhibitory peptides in fermentelhiry products is evidenced in a
number of studies, in which ACE-inhibitory activityas been determined in skimmed milk
digested with cell-free extract ab. helveticus JCM1004 (Pan et al., 2004), bovine casein
hydrolysed with an extracellular proteinase fraim helveticus CP790 (Yamamoto et al.,
1994) and sodium caseinate hydrolyzed with a pirparified proteinase ofb. helveticus
PR4 (Minervini et al., 2003). ACE-inhibitory actlyi has been determined also after
fermentation of sodium caseinate bly. helveticus NCC 2765 (Robert et al., 2004) and in
milk products fermented blb. helveticus CPN4 (Yamamoto et al., 1999)b. helveticus
LKB-16 H (Seppo et al., 2002).b. helveticus CHCC637 and CHCC641 (Fuglsang et al.,
2003), and a mixed-strain starter consistinglofhelveticus andS. cerevisiae (Nakamura et
al., 1995).
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3.0 Development of probiotic Cheddar cheese contain  ing
Lactobacillus acidophilus, Lb. casei, Lb. paracasei,

Bifidobacterium sp.”

3.1. Introduction

Probiotic bacteria are defined as ‘living microargans, which upon ingestion in
certain numbers exert health benefits beyond imtdyasic nutrition’ (Ross et al., 2002).
Foods containing probiotic bacteria are categoraedunctional foods’ and such products
are gaining widespread popularity and acceptanceuginout the developed world. A
number of health benefits for product containing Iprobiotic bacteria have been claimed
including alleviation of symptoms of lactose intalece, treatment of diarrhea,
anticarcinogenic properties, reduction in bloodlebkterol and improvement in immunity
(Ballongue, 1993; Shah & Wu, 1999; Shah, 2000&)h)ly consumption of high levels of
probiotic bacteria, however, is required to corifealth benefits. For dietary organisms to
be beneficial in food systems, they should maintaability in the food until the time of
consumption and be present in significant numtarevels of at least 1iable cells per
gram or milliliter of product (Ishibashi & Shimanayrl993). For this reason, changes in the
numbers of viable bacteria during ripening peribdugd be known.

Probiotic foods are currently restricted to ferneehinilk drinks and yoghurt, which
have limited shelf life in contrast to hard cheeseduding Cheddar. Incorporation of
probiotic cultures in cheeses provides potentialomby to improve health status and quality
of products but also to increase the range of ptabproducts. Cheeses have a number of
advantages over fresh fermented products such gisustoas a delivery system for viable
probiotic to gastrointestinal tract as they tentidwe higher pH, more solid consistency and
relatively higher fat content. These offer protectto probiotic bacteria during storage and
passage through the gastrointestinal tract. Chedsedave higher buffering capacity than
yoghurt (Stanton et al., 1998). Cheddar cheesesever, have long ripening time hence
development of probiotic Cheddar cheese requitsseful examination of the suitability of

" This chapter has been published. Ong, L., HermiksA., & Shah, N.P. (2006). Development of proigiot
Cheddar cheese containihgctobacillus acidophilus, Lb. casei, Lb. paracasel, Bifidobacterium sp. and the
influence of these bacteria on proteolytic pattennd production of organic acithternational Dairy Journal,
16, 446 — 456.
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particular strain(s) to maintain viability throughahe ripening and shelf life (Ross et al.,
2002).

A number of studies have addressed developmentrabigiic cheeses using

Cheddar cheese, goat cheese, Crescenza cheeage aditese and fresh cheese (Ross et
al., 2002). Dinakar and Mistry (1994) examined e cheese as a vehicle for
incorporating bifidobacteria. The viability wasagted for up to 24 wk at approximately 2
x 10’ cfu g* and there were no adverse effects on cheese flatedure or appearance.
Three Bifidobacterium speciesB. bifidum, B. longum and B. infantis, were incorporated
into Crescenza cheese (Gobbetti et al., 1997), whirstained cell counts of a0 and

10° cfu g*, respectively for 14 days post manufacture. Orother hand, other studies have
found low counts of probiotic bacteria particularlyifidobacteria during ripening
(McBrearty et al., 2001). When bifidobacteria wased in combination withactobacillus
acidophilus strain Ki as the starter in Gouda cheese manua¢@omes et al., 1998), there
was also a significant effect on cheese flavoweradt wk of ripening, possibly due to the
production of acetic acid by bifidobacteria. Thesedies have demonstrated that Cheddar
cheese has a great potential as a probiotic ‘fanatifood’. However, it appears that the
capabilities of probiotic strains to survive cheasnufacture and ripening vary from strain
to strain.

In this study, six probiotic strains includir®y longum 1941, Lb. casaei 279, Lb.
acidophilus 4962, B. lactis LAFTI®B94", Lb. paracasei LAFTI®L26% andLb. acidophilus
LAFTI®L10 were examined as a potential candidate forrpmmation in Cheddar cheeses.
These strains have been selected based on theéiraaci bile tolerance, adhesion to
intestinal cell line, anticarcinogenic propertiegygen sensitivity and ability to modify gut
microflora of human subjects (Lankaputhra & Shal®98& Mcintosh et al., 1999;
Crittenden et al., 2001).

The objectives of this study were thus to incorpmithe selected probiotic strains
into Cheddar cheese and examine the performandkesé organisms in terms of their
survival during manufacture and ripening and tonex& the influence of these strains on

product quality as assessed by the proteolytiepatand the production of organic acid.

" B. lactis LAFTI®B94 has been reclassified Bsanimalis subsplactis LAFTI®B94
¥ Lb. paracasei LAFTI®L26 has been reclassified lds. casei LAFTI®L26
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3.2. Materials and Methods
3.2.1. Starter and probiotic organisms

Cheese starter culturkactococcus lactis subsp.lactis strain 227 and.actococcus
lactis subsp.cremoris strains 223 were obtained from Chr. Hansen (Baismwa/ic,
Australia) in freeze-dried form. The strains wectivaated by growing at least two times at
30°C overnight in 12% (w/v) sterile reconstituted skinilk (RSM) containing 2% (w/v)
glucose and 1.2% (w/v) yeast extract, prior to utation (2%, v/v) of the bulk culture in
the same medium.

The probiotic straind,b. acidophilus 4962,Lb. casei 279 andB. longum 1941 were
obtained from the Victoria University culture cdat®n (Werribee, Vic, Australia), while
Lb. acidophilus LAFTI®L10, Lb. paracasei LAFTI®L26 andB. lactis LAFTI® B94 were
obtained from DSM Food Specialties Pty. Ltd. (Mdommek, NSW, Australia)B. longum
1941 B. longum CSCC 1941) was originally obtained from the Commealth Scientific
and Industrial Research Organization (CSIRO) (High&ic, Australia) while Lb.
acidophilus 4962 andLb. casael 279 were both originally obtained from the Austali
Starter Culture Collection Center (ASCC) (Werrib&g, Australia). All Lactobacillus
strains were subcultured (1%, v/v) at least tweesrat 37C overnight in 12 % (w/v) sterile
RSM prior to use as a bulk culture (2%, v/v). Bofchcteria were subcultured similarly
using 1% inoculum in sterile RSM supplemented wWith5% L-cysteinéydrochloride
(Sigma-Aldrich, St. Louis, MO, USA).

3.2.2. Cheddar cheese manufacture

Cheddar cheeses were made with 10 L pasteurizdédamd 1.5% (v/v) inoculum of
the mixed strain starter culture using a pair aftoamn made cheese vats. Three batches of
Cheddar cheeses were made. The first batch wast@kcbatch with only starter lactococci
(1.5% viv) (Batch 1M), the second batch was produgih lactococci (1.5% v/v) anidb.
acidophilus 4962 (0.4% v/v)Lb. casei 279 (0.4% v/v)B. longum 1941 (0.4% v/v) (Batch
2M) and the third batch was produced with lactocqd@cs% v/v) andLb. acidophilus
LAFTI®L10 (0.4% v/v),Lb. paracasei LAFTI®L26 (0.4% v/v),B. lactis LAFTI®B94 (0.4%

v/v) (Batch 3M). Cheeses were made in three separatasions.

Cheeses were manufactured according to the starmtaedures (Kosikowski,

1997). Pasteurized whole milk was standardized sktm milk to give a casein to fat ratio
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of 0.68. The milk was then tempered tdGbefore inoculation with cheese starter culture

and probiotic bacteria. The milk was left to ripem 45 min before the addition of single
strength chymosin (Chr. Hansen) at the rate of 12 per liter of milk. The milk
coagulated after about 45 min and the resulted wasl cut with a cheese wire knife to 8
mm cubes. The curds were cooked t8G38y heating slowly at the rate ofClrise per 5
min with agitation until the pH dropped to 6.1-6The whey was drained and curds were
cheddared at 38 and turned every 15 min until the pH dropped.t8®5. The curds were
milled and salted (2% w/w) before putting into ckeenoulds and pressed by placing a
weight of 2.46 kg per 100 chovernight.

The fresh cheese was removed from the mould, packerlygen barrier Cryov&c
bags (Cryoval Pty. Ltd., Fawkner, Vic, Australia) and heat sealeith a Multiva®
vacuum packaging equipment (Multivac Sepp HaggelemulWolfertschwenden,
Germany) and ripened at@for 24 wk.

3.2.3. Cheese composition

Grated cheese samples were analysed in duplicatsalo by Volhard method
(AOAC 975.20, 1990), fat by Babcock method (AOAC3®®H, 1990), moisture by oven-
drying at 102C (AOAC 926.08, 1990) and total protein by Kjeldahkthod (AOAC
920.123, 1990) on a Kjeltec System Il (with DigestiSystem 2000 and Distilling Unit
1002; Tecator, Hoganas, Sweden). The pH of chdasg prepared by blending 20 g of
grated cheese with 12 mL o%@ (Autralian Standard 2300.1.6, 1989) was measwittda
pH meter (Model 8417, Hanna Instruments Pty. LSthgapore) after calibrating with fresh
pH 4.0 and 7.0 standard buffers.

3.2.4. Survival of bacteria in cheeses

To assess the viability of the starter bacteriapjmtic organisms and non-starter
lactic acid bacteria (NSLAB), samples of ripenedkntooked curd, whey, cheddared curd
and pressed curd (fresh cheese) were collectedigdprioduction. Cheese samples were
also collected at 4 weekly intervals during thea2dripening period. The curd and Cheddar
cheese samples (11g) were diluted in 99 mL oflet@fo (w/v) tri-sodium citrate (Oxoid
Ltd., West Heidelberg, Vic, Australia) at 40 The sample was macerated in a stomacher
400 laboratory blender (Seward Medical, London, UK) 4 min at high speed in

stomacher bags to obtain slurry for the fist ddatiand subsequent serial dilutions were
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performed in 0.15% (w/v) peptone and water solu{ioroid). The milk and whey sample

were diluted directly in 0.15% peptone and waténtsmn. Appropriate dilutions were pour-
plated.

Starter lactococci were enumerated on M17 agar kjeBouth Granville, NSW,
Australia) and incubated at %D under aerobic condition for 72 h (Terzaghi & Saed
1975). Total lactobacilli during ripening were erenated on LBS agar (Merck) and
incubated at 3T in an anaerobic jar (Becton Dickinson Microbiotdgystem$, Sparks,
MD, USA) with a Gas Generating Ri{Oxoid) for 72 h.

Lb. acidophilus, Lb. casel andLb. paracasei were enumerated as per Dave and Shah
(1996) and Tharmaraj and Shah (2003). MRS-vancamy(MRS-V) agar used for the
selective enumeration afb. casel andLb. paracasei was prepared by adding 2 mL of 0.5
mg mL* vancomycine (Sigma) solution to 1 L of molten MB&ar just before pouring to
obtain 1 mg [* of final concentration. MRS-sorbitol (MRS-S) agased for the selective
enumeration of.b. acidophilus was prepared by adding 10 mL of membrane filtetedls
10% solutions (w/v) of sorbitol (Sigma) to 90 mLmablten MRS agar just before pouring.
The plates were incubated anaerobically 8€3or 72 h.

Bifidobacterium was enumerated according to the method of Larod Martin
(1991) and Tharmaraj and Shah (2003). A mixturaraibiotics, including 2 g of neomycin
sulfate, 3 g of nalidixic acid, 60 g of lithium chide, and 4 g of paromomycin sulfate
(NNLP; Sigma), was prepared in 1 L of distilled emtfilter- sterilized with 0.23 pm
Millipore filters (Millipore Corp., Bedford, MA, U8) and stored at°€C until used. The
mixture (5 mL) was added to 100 mL of MRS agar mprito plating. L-
cysteinéiydrochloride (Sigma) was also added at the rate@3§% in order to decrease the

redox potential of the medium. Plates were incubateaerobically at 3T for 72 h.

3.2.5. Production of organic acids

Production of lactic acid and acetic acid was deieed using high performance
liquid chromatography (HPLC) as per the method air® et al. (2002). Grated cheese
samples (5 g) were blended with 25 mL of 0.009 Kusg acid and 70 pL of 15.5 N nitric
acid and homogenized with a Ultratorrax homogen{denke & Kunkel K.G., Staufen i.
Breisgau, Germany) at 10,000 x g. After standorglfh in 50C water bath, the slurry was
centrifuged for 20 min at 4000 x g &4 The soluble fraction (1.5 mL) located between
the upper layer (fat) and the precipitate (caseia3 further centrifuged (14,000 x g, 10
min) with a bench top centrifuge (Sorvall RT7, Newh, CT, USA). The supernatant was
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filtered using 0.23 um millipore filters (Millipojeand approximately 1 mL aliquot from

each sample was stored in HPLC vials af€0ntil analysed. The HPLC system consisted
of a Varian 9012 solvent delivery system, a Vartdi®0 auto-sampler, a Varian 9050
variable wavelength UV/Vis tunable absorbance deteand a 730 data module. An
Aminex HPX-87H column (300 mm x 7.8 mm, Bio-Rad bedtories, Richmond, CA,
USA) and a guard column with disposable catridgé¢Bib-Rad Laboratories) maintained
at 65C were used for the analysis. Sulfuric acid (0.009 filtered through a 0.45 mm
membrane filter (Millipore) was used as a mobilagmhat a flow rate of 0.6 mL minThe
detection device was the ultraviolet-visible detectet at 220 nm with running time of 15

min.
3.2.6. Assessment of proteolysis

The water-soluble extracts (WSE) of the cheesese weepared according to
Kuchroo and Fox (1982). The nitrogen in the extnaets estimated in duplicate by the
Kjeldahl method. Non-protein nitrogen (TCA-SN) wastimated in 9 mL filtrate obtained
after precipitation of the cheese homogenate wathh TCA (Sigma-Aldrich). The extent of
secondary proteolysis was assayed as the amounir@jen that was soluble in 5% PTA-
SN (Sigma-Aldrich) extracts of 9 mL of the filtrate

The proteolytic patterns of Cheddar cheeses wese ahalysed by SDS-PAGE
using the stacking gel system by Laemmli (1970exscribed by Shihata and Shah (2000).
An aliquot of each cheese sample (0.050 g) waseswlgal in a mixture of 1 mL Tris (10
mM) (Sigma-Aldrich) — EDTA (1 mM) pH 8.0 buffer, 85uL of 10% SDS (Sigma-
Aldrich) and 50uL of B-mercaptoethanol (Bio-Rad Laboratories Ltd., WatfdsK).

The samples were boiled at 5 min intervals ungl theese solids were completely
dissolved. A 25.L aliquot of stock solution was diluted with 100 of 2x treatment buffer
(0.125 M Tris-chloride, 4% SDS, 20% v/v glycerol,20M dithiothreitol, 0.02%
bromophenol blue (pH 6.8) (Sigma-Aldrich). Wholeeim was dissolved in water at pH 10
and o-, B-, k-caseins (Sigma-Aldrich) were dissolved in water reutral pH to a
concentration of 2 mg mbt A 20 uL aliquot of this mixture was diluted with 40 of 2x
treatment buffer.

A working volume (15uL) of each sample and of each control (L3, the a-, B-,

k- and whole caseins were loaded into 12.5% rungilg. A volume of broad range (20
uL), pre-stained SDS-PAGE standards (Bio-Rad) wasl s a marker. SDS-PAGE gels
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were run in a BIO-RAD Protean® Il xi cell filled thi tank buffer solution (0.025 M Tris,
0.192 M glycine, 0.1% SDS (pH 8.3), run by a pop&c 300 run at 50 mA.

The gels were fixed in de-staining solution | (48%thanol, 7% acetic acid) for 30

min before staining with staining solution (0.025@oomassie Brilliant blue, ICN
Biochemicals Inc., Aurora, OH, USA), 40% methant¥ acetic acid) for 4 h. The gels
were then de-stained in de-staining solution IXfdr followed by de-staining in de-staining
solution Il (7% acetic acid, 5% methanol) until treckground became clear.

The gel images were recorded using a Fuji Filmlligent Dark Box Il with Fuji
Film LAS-1000 Lite V1.3 software. The area and insi¢y of the bands were measured
using Fuji Film Image Gauge V4.0 software (Fuji BhBilm Co. Ltd., Japan). Data from
the analysis were expressed as the ratio of tha ane the intensity of the band. The
reduction in the intensity of bands during ripenwigh respect to the original intensity was
expressed as percentage of hydrolysis.

3.2.7. Statistical analysis

Data analysis was carried out with Minitab StatetiPackage (Minitab Inc, State
College, PA, USA). One way analysis of variance wssd to study differences between
means, with a significant level at= 0.05. All experiments were repeated three tiares
all analyses were carried out at least in duplicAtiedata are presented as mean + standard

error of means.

3.3. Results and discussions

3.3.1. Cheese composition

The composition of Cheddar cheeses with and witltbeataddition of probiotic
bacteria is summarized in Table 3.1. No significdifierences R > 0.05) were observed
among the three types of cheeses for the moissak, fat and protein content. The
composition of the cheeses was within the suggesieges of Cheddar cheeses with good
guality and texture parameters (Fox, 1975, 1998 flesult thus shows that addition of
probiotic microorganisms into Cheddar cheese hadimeat effect on cheese composition,

which confirms the findings of Gardiner et al. (899

65



Chapter 3.0

3.3.2. Survival of bacteria during manufacture of Cheddaheese

The survival and growth of the probiotic bactenml dactococci were determined at
different stages of the manufacture of Cheddar sthes shown in Table 3.2. All probiotic
microorganisms were found to survive the cheeseufaaturing process. The probiotics
were all inoculated at the rate of 4 mL of bulktatgé of RSM per liter of pasteurized milk
(0.4 % vlv). At this rate, the concentration of f@biotic in the inoculated-milk ranged
between 6 to 7 log cfu g*. After inoculation, milk was left for ripening fe¥5 min at 31C.

No significant differences”(> 0.05) were observed between the probiotic coimtsilk
before and after ripening. Counts lob. casel 279 Lb. paracasei LAFTI®L26 andLb.
acidophilus LAFTI®L10 on cooked curd (after draining) and curd afteeddaring at 3&

for 90 min increased significantly (< 0.05) although by about half a log cycle. Results
thus indicate that no or very slow growth occuriedall probiotics during the whole
manufacturing process. Results were in agreemehttivose of Gomes et al. (1998) who
observed no growth dBifidobacterium sp. strain Bo andélb. acidophilus strain Ki during
the manufacture of Gouda cheese. Volume reductientd the release of whey during
draining has resulted in the increased in startdrpaobiotic counts by about one log cycle.
Despite the loss of about 6 to 7 {pgfu g* of probiotics in whey, the probiotic counts
remained high in all cheeses (8 to 9:toefu g*) at the end of the manufacturing stage. The
significant differencesR < 0.05) observed between the lactococci countsaanulated milk
were attributed to the differences in the conceimnaof inocula of RSM used to propagate
the culture. Unlike probiotic counts, significantferences P < 0.05) were found between
lactococci counts; in milk after inoculation andeafripening at 3%C for 45 min; in cooked
curd (after draining) and after cheddaring atG38r 90 min. Lactococci counts increased
consistently in all batches, which shows that ttpew and were the primary acid producers
throughout the cheese-making process.

Results from Table 3.2 thus show that when the iptigbbacteria were added as
starter adjuncts together with starter lactocoroialteration of cheese making procedure
was necessary for incorporation of probiotic inthle@dar cheese. Compared to the
experiments performed by Daigle et al. (1999) wisedu pre-fermented cream for the
production of probiotic cheese with infantis and Dinakar and Mistry (1994) who added
immobilized, freeze-driedB. bifidium at milling stage, our procedure offered much

simplicity and may provide cost saving as only latreely small inoculum (0.4% v/v) was

66



Chapter 3.0

needed to achieve a high initial count (8 to 9:dogfu g%). This was possible as the

probiotics were added as adjuncts and they weresqoired for acid production.

3.3.3. Survival of bacteria during ripening

Survival and growth of lactococci, bifidobacteriadalactobacilli were determined
during ripening period of 24 wk af@ (Figure 3.1). All probiotic bacteria added rensain
viable in Cheddar cheese during the 24 wk ripepiegod. Figure 3.1b shows viable counts
of probiotic adjuncts that remained steady andebesad slightly but not significantly? &
0.05) at the end of the ripening period reachir&|8g, cfu g* for Lb. acidophilus 4962,
8.5 logy cfu g* for Lb. casei 279 and 8.0 log cfu g* for B. longum 1941. Viable counts of
probiotic adjunct of Batch 3M cheeses also showsingar pattern, reaching 8.4 lggefu
g™ for Lb. acidophilus LAFTI®L10, 8.5 logo cfu g* for Lb. paracasei LAFTI®L26 and 7.5
logio cfu g* for B. lactis LAFTI®B94. In order to appreciate the beneficial effeats
probiotic foods, it has been proposed that vialtiptic organisms should be present at
levels of at least 7.0 lggcfu per gram of a product (Ishibashi & Shimamur@93). All
probiotic-containing cheeses developed in this ysttltis satisfied the criteria for a
probiotic food product. Lactococci counts in alkeeses however decreased by one to two
log cycles after 24 wk of ripening at@ probably due to unfavourable conditions in the
cheese such as high salt in moisture, low pH, l@ctermentable carbohydrate and low
ripening temperature.

During ripening period, a population of non-staretic acid bacteria (NSLAB)
also proliferated in cheeses. NSLAB are chiefly posed of lactobacilli such asb.
plantarum, Lb. casei andLb. brevis (Gardiner et al., 1998). It is believed that NSL4&In
access to the cheesemilk during the manufactutagesor they survive pasteurization in an
attenuated state. Figure 3.1la shows the NSLAB esowit Batch 1M cheese on
Lactobacillus Selective (LBS) agar, which remaimeldtively low for the first few weeks
of ripening and increased to 7.6 Jpgfu g* at the end of ripening period of 24 wk 4€4
The role of NSLAB in flavour development is not aile A few studies indicated that
NSLAB plays an important role in the developmentiéese flavour (Broome et al., 1990;
McSweeney et al., 1994), while others have inditatieat NSLAB contribute only
minimally to flavour development of Cheddar cheéBeterson & Marshall, 1990). The
effect of the level of NSLAB on cheese flavour bk investigated further in our study.
The extent of growth of adventitious NSLAB in thentrol cheeses was typical for Cheddar

cheese. Similar growth characteristics of advenigiNSLAB in Cheddar cheese produced
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in open vats have been reported (Lynch et al., 1989LAB counts were not performed on

Batch 2M and Batch 3M cheeses because the prabiadided during the manufacturing of
these cheeses were also able to grow on LBS agar.

3.3.4. Production of organic acids

The metabolic activity of the microorganisms in ebe was monitored by
estimating the metabolic products, lactic and acettids (Figure 3.2). Lactic acid
production showed no discernible pattern probalelgalise of utilization of lactic acid by
NSLAB (Figure 3.2a). There was a slight increasthenconcentration of lactic acid during
the first month of ripening due to the use of raaidactose trapped in the curd. On the
other hand, acetic acid concentration increasd¢tleaspening time increased in all cheeses
(Figure 3.2b). The highest final values found ia tontrol cheese were 0.06% followed by
0.12% for both probiotic cheeses (Batches 2M and. ncentration of acetic acid in
probiotic cheeses was significantly high& € 0.05) compared to the control cheese,
probably due to the addition Bffidobacterium that were able to produce acetic acid during
their metabolism. Bifidobacteria produce aceticdaand lactic acid from lactose via a
fructose-6-phosphate shunt pathway (Dinakar & Mjsti994). The fermentation pathway
results in 3 mol of acetic acid and 2 mol of lacitd per 2 mol of glucose, therefore

generating a theoretical molar ratio (acetic:1gatic3:2 (Scardovi & Trovatelli, 1965).

3.3.5. Assessment of proteolysis

Assessment of proteolysis in the control and pridbicheeses by determination of
water soluble nitrogen (WSN), tricholoracetic acsdluble nitrogen (TCA-SN) and
phospotungstic acid soluble nitrogen (TCA-SN) o2érwk of ripening period at°€ is
depicted in Figure 3.3. The ratio of WSN to totalragen (TN) in probiotic cheese
increased progressively throughout the ripeningiogeiFigure 3.3a). There were no
significant differencesH > 0.05) between control and probiotic cheeses dutie 24 wk
ripening period. According to Fox et al. (1993)pab3-6% of the coagulant (chymosin)
added to cheese milk is retained in the curd. SIW&N in the cheese is produced mainly
by the primary proteolysis by the action of the gidant (Visser, 1977), differences
amongst these cheeses were not expected.

During the 24 wk of ripening period, the amount BEA-SN also increased

progressively (Figure 3.3b). Starter and non-stabcterial proteinases are principally
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responsible for the formation of TCA-SN (Fox et, dl993). There were no significant

differences P > 0.05) in the level of TCA-SN between control grdbiotic cheeses up to

the 20 wk of ripening. At 20 wk of ripening periodjore products of the primary

proteolysis became available as substrates forsthmsequent proteolysis by probiotic
peptidases thus resulted in the increased levelsCé-SN of probiotic cheeses. The level
of TCA-SN shown in Figure 3.3b was also almost igh las that of WSN, which shows

that once soluble peptides had been formed by tehaeterial peptidases hydrolyse them
at a relatively rapid rate.

PTA-SN was used as an index of free amino acicomtrol and probiotic cheeses.
PTA is a discriminating protein precipitant. Frewi@o acids, except di-basic amino acids
are soluble in 5% PTA but peptides greater thanB8@re precipitated (Fox et al., 1993).
This method has been evaluated by Jarrett et @82)1 who found a linear relationship
between PTA-SN and total free amino acid extradtech Cheddar cheese. Figure 3.3c
shows concentrations of total free amino acids Wexe similar P > 0.05) in all cheeses
until the 16 wk of ripening. Higher level of freenao acids developed thereafter in
probiotic cheeses (Batch 2M and Batch 3M) indicdigdhe elevated ratio of PTA-SN to
TN. This was probably due to the increased peptidagivity caused by the probiotic
adjunct. The results also reflected the enhancéditgoof intracellular peptidases, which
became accessible upon limited lysis of starteotaxci. A similar trend in the changes of
proteolytic pattern and the development of totaefamino acid in probiotic cheeses was
noted by Lynch et al. (1999), Gardiner et al. (1988 McSweeney et al. (1994).

The extent of proteolysis of cheese during ripeniag also monitored by SDS-
PAGE. Three representative electrophoretic patt@$DS-PAGE of Cheddar cheese
during 24 wk ripening period af@ are shown in Figure 3.4. Protein bands were ifieht
based on molecular weight and also by comparisdim standards of casein (CN)- CN,

B- CN andk-CN. as;-CN andas>CN could not be separated on 12% acrylamide gedumse
the molecular weights of these two fractions amy gémilar (Varnam & Sutherland, 1994).
B-Lactoglobulin (MW 18, 300) and-lactalbumin (MW 14, 000) were identified based on
their molecular weight. The SDS-PAGE pattern wdtent between control (Batch 1M)
and probiotic cheeses (Batch 2M and Batch 3M)Veuy little detectable differences were
observed between the probiotic cheeses. DinakarMistty (1994) found no significant
differences between the electrophoresis patterrsh@ese without probiotic bacteria and
cheese supplemented wiBh bifidum and similar results were observed by Corbo et al.
(2001) who supplemented Canestro Pugliese hardsehsihB. longum and B. bifidum.

This was possible because in both studies, difydobacterium spp. were added.
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Bifidobacterium strains are not highly proteolytic (Klaver et @993; Shihata & Shah,

2000) and thus did not influence the proteolytidttgra of the probiotic cheese in those

studies. A number of studies have shown thmatacidophilus, Lb. casei andLb. paracasel

are proteolytic and capable of releasing smalligept(proteinase of 145 kDa) and amino
acids (X-prolyl-dipeptidyl-aminopeptidase) (Hickest al., 1983; Gomes et al.,, 1998;

Shihata & Shah, 2000) but their relative contribntin cheese has not yet been studied in
detail.

As the ripening time increases, the concentratiohsasein decrease and the
concentration of lower MW breakdown products of taseins increases. These products
appear in SDS-PAGE in the area betwparasein ang-Lactoglobulin (Figure 3.4) (Basch
et al., 1989; Brandsma et al., 1994).

In our study, hydrolysis of individual casein friacts was expressed as a percentage
relative to concentration of casein at wk 1 (FigBrB). Most of theos;-CN hydrolysis
occurred between 0 and 16 wk and the rate slowedh ddter 16 wk. At the end of the
ripening period of 24 wk, 46.99%, 63.42% and 19.28%he as;-CN was hydrolysed in
Batch 2M, Batch 3M and the control cheese, respagti(Figure 3.5a). Hydrolysis afs-

CN was significantly fasteiP(< 0.05) in probiotic cheeses compared to the cbntreese.
Several important variables influence the rateyafrblysis of this casein fraction, including
salt to moisture ratio, milk quality, ripening teerpture, bacterial count and species
involved, residual coagulant in the cheese curdtaedeffects of different manufacturing
procedures (Fox et al., 1993). Most of these véilvere kept constant in the production
and thus increases in the rate of proteolysis weaamly caused by the enhanced peptidase
activity by the starter adjunct. The results wdse aeflected on the amount of PTA-SN that
detected more product of proteolysis especiallyftbe amino acids in probiotic cheeses as
had been explained previously (Figure 3.3). The oflthese amino acids in the production
of certain aroma compounds in Cheddar cheese wilfuither investigated in our next
study.

During ripening,f-CN does not undergo as much degradations#&3\ (Brandsma
et al., 1994; Mistry & Kasperson, 1998). This shdiat the bacterial peptidases hydrolyse
as-CN more readily tharB-CN. Degradation o8 —CN during cheese ripening occurs
because of the action of chymosin and plasmin andllspeptides formed from this
hydrolysis cause bitterness in Cheddar cheese éFak, 1993). Thomas and Mills (1981)
reported that > 50% ¢#-CN is degraded after 4 wk with 4% salt in moist(8&1), but only
10% ofB-CN is degraded with 8% SM. The salt percentagdbimstudy were 4.56, 4.48,
and 4.37% for Batch 1M, Batch 2M and Batch 3M, eespely. The percentage hydrolysis
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of B-CN, however, was only 6.71, 9.23, and 12.75% fatcB 1M, Batch 2M and Batch
3M, respectively (Figure 3.5b).

Despite the significant difference observed betwéa® cheeses regarding the
percentage of hydrolysis af;-CN andp-CN, it should be noted that proteolysis remained
relatively low. These results could be due to the kemperature of ripening 18) as

compared to normal ripening temperature of Cheddaese (8-11T).

3.4. Conclusions

The results of the present study demonstrate thatprobiotic organismsLb.
acidophilus 4962, Lb. acidophilus LAFTI®L10, Lb. casei 279, Lb. paracasei LAFTI®L26,
B. longum 1941 andB. lactis LAFTI®B94) survived the manufacturing process of Cheddar
cheese at a high level without alteration of chewaking process. They were also able to
maintain viability at > 7.5 log cfu g* at the end of ripening period of 24 wk &C4
Addition of probiotic adjunct also did not alteretbhemical composition (salt, fat, moisture
and protein content), but acetic acid concentratreas higher in probiotic cheeses.
Although primary proteolysis was not affected by thddition of probiotic adjunct, the
levels of secondary proteolysis indicated by theceatration of free amino acids was
significantly higher. Electrophorectic patterns 8BDS-PAGE show increase in percentage
hydrolysis ofas;-CN in probiotic cheese. These data thus suggessgdCheddar cheese is
an effective vehicle for delivery of probiotic orgams. Our results also indicated that the
addition of probiotic microorganisms in the prodaotof Cheddar cheese may influence

the proteolytic pattern.
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Table 3.1.Composition of control and probiotic Cheddar chekese

Cheddar cheese

Composition
Control (Batch 1M)  Mix probiotic (Batch 2Mj  Mix probiotic (Batch 3Mj

% Moisture 39.00+0.78 39.27 +0.8%1 39.33+0.48

% Salt 1.78 +0.05 1.76 +0.02 1.72 +0.07

% SDM 291 +0.1°% 2.90 +0.02 2.83+0.1%

% Fat 31.40+0.85 31.03+0.28 31.89 +0.93

% FDMP 51.48 +0.83 51.13+1.1% 52.56 + 1.20

% Protein 27.46 +0.43 27.70+0.20 28.07 + 0.47

pH 5.40 + 0.08 5.14 + 0.08 5.21 +0.04

3 Means in rows with like superscripts do not differ> 0.05).
! Results are expressed as mean * standard errcgarfann = 3 sets of data analysed in duplicatelyses
were conducted during the first wk of Cheddar chegsening.

w N

Cheddar cheese produced with only cheese staitare(l.5%, v/v).
Probiotic cheese produced with cheese starterreu({tu5%, v/v),Lb. acidophilus 4962 (0.4%, v/v)Lb.

casel 279 (0.4%, v/v) and. longum 1941 (0.4%, v/v).

IN

(9]

Salt in dry matter.
Fat in dry matter.

(o]

72

Probiotic cheese produced with cheese starterrel{fiu5%, v/v)Lb. acidophilus LAFTI® L10 (0.4% v/v),
Lb. paracasei LAFTI®L26 (0.4%, v/v) and. lactis LAFTI®B94 (0.4%, V/v).
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Table 3.2.Survival (Logo cfu g%) of cheese starter culture and probiotic adjuncing) manufacturing of Cheddar cheese

Survival (Logo cfu g)*

Sample Control Mix probiotic Mix probiotic

(Batch 1M¥ (Batch 2MY (Batch 3MJ

Starter Starter LA4962 LC279 BL1941 Starter LAFTIO LAFTI®L26  LAFTI®B94
Inoculated milk 7 38 + 0.14* 754+0.18" 6.77+0.14 6.77+0.1% 6.32+0.18 7.94+02% 660+01" 6.77+016° 6.36+0.16"
Ripened milk  g.30+0.02® 7.85+0.18% 6.82+0.18 7.03+0.17 6.68+03" 896+03% 6.79+0.08° 7.16+0.08"® 6.66+ 0.08'°
Cooked curd 930 +0.31° 9.68 +0.58° 8.36+0.48% 7.94+0.55% 8.07+0.08  9.57+0.358% 7.85+0.30° 8.22+0.08°°  7.56+0.08"®
Whey 8.44 + 0.09° 7.55+0.16" 7.10+0.23" 7.17+0.23" 6.01+0.19" 7.45x20.18" 6.34+0.17 6.42+0.17" 6.12£0.1%"
Cheddared curd g 40 + 0.34° 9.91+0.26° 8.40+0.158° 8.36+0.1%°C 8.37+054% 9.66+0.56°C 8.40+0.08° 857+0.03° 8.16+0.1%
(P,:rfesssfghcégge) 9.31+£0.28°  9.70+0.2%° 8.66 +0.16" 8.67+0.17° 8.63+0.38"® 10.15+0.48 8.76 +0.0%° 8.74+0.08° 8.25+0.08

abcde\eans in rows with like superscripts do not differ> 0.05).
ABC Means in column with like superscripts do not diffle > 0.05).

1

A WN

Results are expressed as mean * standard err@asfann = 3 sets of data analysed in duplicate.
Cheeses with cheese starter culture only (1.5%, v/v
Cheeses with cheese starter culture (1.5%, kh)acidophilus 4962 (0.4%, viv)Lb. casei 279 (0.4%, viv) an@. longum 1941 (0.4%, Vv/v).
Cheeses with cheese starter culture (1.5%, M )acidophilus LAFTI®L10 (0.4% v/v),Lb. paracasei LAFTI®L26 (0.4%, v/v) andB. lactis LAFTI®B94 (0.4%, V/v).
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Figure 3.1. Survival of starter lactococci, probiotic adjunadaNSLAB in (a) control cheese with only
starter culture (1.5% v/v) (Batch 1M), (b) probitcheese with starter culture (1.5% v/h.
acidophilus 4962 (0.4%, v/v)Lb. casei 279 (0.4%, v/v) andB. longum 1941 (0.4%, v/v) (Batch 2M),
and (c) probiotic cheese with cheese starter @iltli5%, v/v) and.b. acidophilus LAFTI®L10 (0.4%
vIv), Lb. paracasei LAFTI®L26 (0.4%, v/v) andB. lactis LAFTI®B94 (0.4%, v/v) (Batch 3M) during
ripening at 4C for 24 wk. Results are expressed as mean +atadmairor of means; n = 3 sets of data

analysed in duplicate.
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Figure 3.2. Concentration of (a) lactic acid and (b) aceti@auring ripening of Cheddar cheeses
ripened at 2C for 24 wk. Batch 1M = control cheese with onlgrgtr culture (1.5% v/v). Batch 2M =
probiotic cheese with starter culture dral acidophilus 4962 (0.4%, v/v)Lb. casei 279 (0.4%, v/v)
andB. longum 1941 (0.4%, v/v). Batch 3M = probiotic cheese witieese starter culture (1.5%, v/v)
and Lb. acidophilus LAFTI®L10 (0.4% v/v),Lb. paracasei LAFTI®L26 (0.4%, v/v) andB. lactis
LAFTI®B94 (0.4%, v/v). Results are expressed as meaantlatd error of means; n = 3 sets of data
analysed in duplicate.
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Figure 3.3.Concentration (expressed as percentage of totaf (&) water-soluble nitrogen (WSN), (b)
trichloroacetic acid-soluble nitrogen (TCA-SN), af@ phosphotungstic acid-soluble nitrogen (PTA-
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SN) during ripening of Cheddar cheese @ for 24 wk. Batch 1M = control cheese with onlgrsgr
culture (1.5% v/v). Batch 2M = probiotic cheesehndttarter culture (1.5% v/v) arich. acidophilus
4962 (0.4%, viv)Lb. casa 279 (0.4%, v/v) and. longum 1941 (0.4%, v/v). Batch 3M = probiotic
cheese produced with cheese starter culture (MA%tandLb. acidophilus LAFTI®L10 (0.4% v/v),Lb.

paracasei LAFTI®L26 (0.4%, viv) andB. lactis LAFTI® B94 (0.4%, v/v). Results are expressed as
mean * standard error of means; n = 3 sets ofatmlysed in duplicaté’*Means between treatments

(Batch 1M, Batch 2M, Batch 3M) with like superstgsiglo not differ P > 0.05).
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30,200

7400

Figure. 3.4. Representative electrophoretic patterns of SDSIPAGCheddar cheeses during ripening period (w4, 18, 12, 20, 24). Batch 1M =
control cheese with only starter culture (1.5% vBatch 2M = probiotic cheese with starter cult(ir&%, v/v) and_b. acidophilus 4962 (0.4%, v/v),
Lb. casel 279 (0.4%, v/v) andB. longum 1941 (0.4%, v/v). Batch 3M = probiotic cheese witieese starter culture (1.5%, v/v) dra acidophilus
LAFTI® L10 (0.4% v/v),Lb. paracasei LAFTI® L26 (0.4%, v/v) andB. lactis LAFTI® B94 (0.4%, v/v). CN = casein. BR = broad range taiasd
molecular weight (MW) standards containing: myo$MW 205,000), B-galactosidase (MW 120,000), bovine serum albunhtW( 84,000),
ovalbumin (MW 52,000), carbonic anhydrase (MW 36))Goybean trypsin inhibitor (MW 30,200), lysozyrfidW 21,900) and aprotinin (MW
7,400). LA = lactalbumin. LG = lactoglobullin.
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Figure 3.5. Protein hydrolysis (a)si-CN and (b)B-CN during ripening of Cheddar cheeses. Batch
1M = control cheese with only starter culture (1.884. Batch 2M = probiotic cheese with starter
culture (1.5% v/v) andLb. acidophilus 4962 (0.4%, v/v)Lb. casa 279 (0.4%, v/v) and. longum
1941 (0.4%, v/v). Batch 3M = probiotic cheese witheese starter culture (1.5%, v/v) al
acidophilus LAFTI®L10 (0.4% vV/v), Lb. paracasei LAFTI®L26 (0.4%, v/v) andB. lactis
LAFTI®B94 (0.4%, v/v). Results are expressed as meaantlatd error of means of at least 3 sets

of data.
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4.0 Proteolytic pattern and organic acid profiles o f
probiotic Cheddar cheese as influenced by probiotic
strains of Lactobacillus acidophilus, Lb. paracasei,

Lb. casei and Bifidobacterium sp.”

4.1. Introduction

The application of probiotic bacteria in food prothuis increasing due to potential
health benefits associated with the consumptiotheke bacteria. A number of health
benefits for product containing live probiotic bextd have been claimed including
alleviation of symptoms of lactose intoleranceatmeent of diarrhea, anticarcinogenic
properties, reduction in blood cholesterol and iowvpment in immunity (Ballongue, 1993;
Shah & Wu, 1999; Shah, 2000a,b). For dietary oggasito be beneficial in food systems,
they should maintain viability in the food untilethime of consumption and be present in
significant numbers, at levels of at leasf Yble cells per gram or milliliter of a product
(Ishibashi & Shimamura, 1993). For this reasonngea in the numbers of viable bacteria
during storage period should be known.

Yoghurt and fermented milk have received most &tienas carriers of probiotic
bacteria, but foods such as Cheddar cheese (Digakéistry, 1994; Gardiner et al., 1998),
Gouda cheese (Gomes et al., 1995), cottage chBmecliette et al., 1996), Crescenza
cheese (Gobbetti et al.,, 1997), frozen yoghurtgqiga& Martin, 1991) and ice-cream
(Hekmat & McMahon, 1992) have also been studied casriers of probiotic
microorganisms.

Cheeses have a number of advantages over freshrferdproducts such as yoghurt
as a delivery system for viable probiotic to gastestinal tract as they tend to have higher
pH, more solid consistency and relatively higher dantent. These offer protection to
probiotic bacteria during storage and passage ¢fwrthe gastrointestinal tract. Cheeses also
have higher buffering capacity than yoghurt (Stantei al., 1998). Cheddar cheeses,
however, have long ripening time hence developroéptobiotic Cheddar cheese requires

" This chapter has been published. Ong, L., Heroiksé., & Shah, N.P. (2007a). Proteolytic pattend a
organic acid profiles of probiotic Cheddar cheese irfluenced by probiotic strains dfactobacillus
acidophilus, Lb. paracasel, Lb. casel andBifidobacterium sp.International Dairy Journal, 17, 67 - 78.
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a careful examination of the suitability of partau strain(s) to maintain viability
throughout the ripening and shelf life (Ross et2002).

A series of chemical and biochemical reactions paturing Cheddar cheese
ripening including glycolysis, lipolysis and mostportantly proteolysis (Fox et al., 1993).
Proteolysis plays a critical role in determininge thypical sensory characteristics and
represents a significant indicator of quality, dsown for Cheddar cheese (Fox &
McSweeney, 1996). Proteolysis is caused by enzymoesained in milk (plasmin) and
rennet (pepsin and chymosin) or released by migerosms. The activities of these
enzymes reduce the concentration of casein (s, p andk caseins) and lead to the
formation of large and intermediate size peptidémse peptides may be further hydrolysed
by proteolytic enzymes, originating from the midoo& (starter bacteria, non-starter lactic
acid bacteria and probiotic adjunct) of the cheede, small peptides and free amino acids
(FAA), which are important for the development dfieddar flavour (Cliffe et al., 1993;
Lynch et al., 1999).

Six probiotic strains L{actobacillus acidophilus 4962, Lb. casei 279, B. longum
1941, Lb. acidophilus LAFTI®L10, Lb. paracasei LAFTI®L26 and B. lactis
LAFTI®B94'™) were examined in this study as a potential catdidor incorporation in
Cheddar cheeses. Previously, these strains wedetagether as a mix culture into Cheddar
cheese and all six probiotics were able to mairtteeir viability at high level > 7.5 lggcfu
g’ at the end of 24 wk of ripening afQ@ (Chapter 3.0). Although there was no direct
influence of addition of probiotic organisms on ttemposition (protein, fat, moisture and
salt content) of Cheddar cheese, acetic acid coratem was found to be higher in
probiotic cheeses and proteolytic pattern of pridbicheeses was also significantly
different P < 0.05) when compared with the control cheese. grobiotic strain that was
responsible for the differences in proteolytic eattand organic acid profile, however, was
not identified. The influence of these individualopiotic organisms to the changes in
guality of Cheddar cheese has not yet been fullgiéated. The objective of the study was
to investigate the performance of individual praigistrains ofLb. acidophilus, Lb. casa,

Lb. paracasel andBifidobacteriumsp. in Cheddar cheeses in terms of their abilityuivive
during ripening, their influence on the proteolypattern and the production of organic

acid.

" Lb. paracasei LAFTI®L26 has been reclassified lds. casei LAFTI®L26
"' B. lactis LAFTI®B94 has been reclassified Bsanimalis subsplactis LAFTI®B94
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4.2. Materials and methods
4.2.1. Starter and probiotic organisms

Cheese starter culturé, lactis subsp.lactis and L. lactis subsp.cremoris and
probiotic organismsB. longum 1941, Lb. case 279, Lb. acidophilus 4962, B. lactis
LAFTI®B94, Lb. paracasei LAFTI®L26 andLb. acidophilus LAFTI®L10 were obtained
from the culture collections mentioned in sectio®.B. The organisms were activated and

grown under the conditions described in sectionl3.2
4.2.2. Cheddar cheese manufacture

Cheddar cheeses were made with 10 L pasteurizédamd 1.5% (v/v) inoculum of
the mixed strain starter culture using a pair gdtom made cheese vats. Seven batches of
Cheddar cheeses were made including a controligmtifferent probiotic cheeses as shown
in Table 4.1. The complete set (7 batches) wasymex randomly in 4 days with the same
batch of pasteurised milk and at least 2 replicatiaere produced the following weeks.

Cheeses were manufactured according to the stammacgdures of Kosikowski
(1977) as described previously in section 3.2.2.cAkeses were packed in oxygen barrier
Cryova® bags (Cryovat Pty. Ltd., Fawkner, Vic, Australia) and heat-sealsith a
Multivac® vacuum  packaging equipment (Multivac Sepp Haggédlemii
Wolfertscgwenden, Germany) and ripened®a for 24 wk.

4.2.3. Cheese composition

The composition of the cheeses including the &altmoisture, protein contents and

pH of the cheeses were determined according tpriteedure described in section 3.2.3.
4.2.4. Survival of bacteria in cheeses

Viability of the starter bacteria, probiotic orgams and non-starter lactic acid
bacteria (NSLAB) were assessed during productiahdaming ripening at %C for 24 wk.
Samples of ripened milk, cooked curd, whey, cheeltlacurd and pressed curd (fresh
cheese) were collected during production. Cheesgplea were also collected at 4 wk

intervals during the 24 wk ripening period. Samples enumeration were prepared as
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described in section 3.2.4. Starter lactococci vegnemerated on M17 agar (Merck, South
Granville, NSW, Australia) and incubated at°@Ounder aerobic condition for 72 h
(Terzaghi & Sandine, 1975). Total lactobacilli chgiripening were enumerated on LBS
agar (Merck) and incubated at°80in an anaerobic jar (Becton Dickinson Microbiolog
System§, Sparks, MD, USA) with a Gas Generating®k{Oxoid) for 72 h. The probiotic
adjuncts were enumerated using various selectivdiaras described in section 3.2.4 and
incubated anaerobically at®7for 72 h. Since starter lactococci @ifldobacterium sp. do
not grow on Lactobacillus Selective agar (LBS), ti8LAB counts of control cheese
(Batch 1), BL 1941 cheese (Batch 2) aBdlactis LAFTI®B94 cheese (Batch 3) were
obtained from LBS agar. On the other hand, the NBlcAunts of cheeses witth. casel
279 (Batch 4)Lb. paracasei LAFTI®L26 (Batch 5)Lb. acidophilus 4962 (Batch 6) antb.
acidophilus LAFTI®L10 (Batch 7) were obtained by subtracting the toafnprobiotic
organisms on the selective agar from the coundtaf tactobacilli on LBS agar.

4.2.5. Production of organic acids

The concentration of lactic acid and acetic acids wietermined using high

performance liquid chromatography (HPLC) as descriimn section 3.2.5.

4.2.6. Proteolytic activity of starter and probiotic org&ms in reconstituted skim milk

All bacterial strains were grown overnight at°@7in MRS broth (Merck). To
minimize carryover of free amino acids during inlation, 10 mL of cells were washed and
resuspended to the original volume with 0.32 mMiwwodphosphate, pH 7.2. Cells were
inoculated (2%) into RSM (12% w/v) and incubatedhatr optimum temperatures (&)
for 18 h. A control, which was the uninoculated RSis also incubated at &7 for 18 h.

A 2.5 mL sample of each incubated RSM was then dhiwéth 10 mL of 0.75 M
trichloroacetic acid (TCA) and 1 mL of water to 5Lnof sample to give a final
concentration of 0.47 M (7.7%) TCA. The samplesemMdtered using a Whatman number
4A filter paper after 10 min incubation at room feerature (~22C) before assayed. Tloe
phthaldialdehyde (OPA) method (Church et al., 1988%cribed by Shihata and Shah
(2000) was used to determine the concentrationred famino groups in the filtrate.
Triplicate aliquots from each TCA filtrate were &rs&d using a Pharmacia LKP Novaspek

Il Spectophotometer (Pharmacia, Biotech, Uppsaleeden).
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4.2.7. Assessment of proteolysis

The water-soluble nitrogen (WSN), trichloroacetoidasoluble nitrogen (TCA-SN)
and phosphotungstic acid-soluble nitrogen (PTA-8Nje cheeses were determined as per
the method described in section 3.2.6.

The proteolytic patterns of Cheddar cheeses wese ahalysed by SDS-PAGE
using the stacking gel system as described in®edi2.6. The gels were fixed in de-
staining solution | (40% methanol, 7% acetic aéai)30 min before staining with staining
solution (0.025% Coomassie Brilliant blue (ICN Bieenicals Inc., Aurora, OH, USA),
40% methanol, 7% acetic acid) for 4 h. The gelseviieen de-stained in de-staining solution
| for 1 h followed by de-staining in de-staininglg®mn 1l (7% acetic acid, 5% methanol)
until the background became clear. The gel imagese wecorded using a Fuji Film
Intelligent Dark Box Il with Fuji Film LAS-1000 L& V1.3 software. The area and intensity
of the bands were measured using Fuji Film Imagegéa/4.0 software (Fuji Photo Film
Co. Ltd., Japan). Data from the analysis were esga@ as the ratio of the area and the
intensity of the band. The reduction in the intgnef bands during ripening with respect to

the original intensity was expressed as percerafggdrolysis.

4.2.8. Statistical analysis

Data analysis was carried out with Minitab StatetiPackage (Minitab Inc, State
College, PA, USA). One-way analysis of variance wsead to establish differences between
means, with a significant level at= 0.05. A total of 21 batches of cheeses wereywed
from the seven variations and all analyses wengethout at least in duplicate. All data are

presented as mean + standard error of means.
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4.3. Results and discussions
4.3.1. Cheese composition

The composition of control and probiotic Cheddagedes is summarized in Table
4.2. The moisture content of the cheeses in thidystvas higher than the typical moisture
of 36 to 39% for normal Cheddar (Kosikowski, 1977here was, however, no significant
difference P > 0.05) in the moisture content of control and préibicheeses. The salt
content and the percentage of salt in dry matteledabetween cheeses. The differences
reflect the difficulties in controlling the cheeseking parameters in laboratory scale
production (e.g. it was hard to achieve constaessure during pressing without proper
cheese pressing equipment and this also affectedrttount of salt released with the whey
during pressing). All the other compositional vauéat, fat in dry matter, pH and protein
content) for the different type of cheeses were sighificantly different P > 0.05). The
result thus confirms the findings of Gardiner et(@P98) and Ong et al. (2006) that the
addition of probiotic microorganisms into Cheddaeese has no direct effect on cheese

composition.
4.3.2. Survival of bacteria during manufacture of Cheddaheeses

The probiotic microorganisms were initially inocidd at the rate of 1.2 % v/v. At
this rate, the concentration of the probiotic ie thoculated-milk ranged between 7 to 8
logio cfu g* (Table 4.3). The starter culture count increasedtbmut half a log cycle during
milk ripening at 33C for 45 min in almost all cheeses. On the otherdhdhe counts of
probiotic organisms during milk ripening remainedatively constant. Volume reduction
during whey draining followed by cooking resultad increase in the counts of starter
bacteria by more than one log cycle, whereas thatsoof probiotic only increased by half
to one log cycle. The counts of starter organisorgticued to increase after cheddaring at
38°C for about 90 min with only slight increase in theunts of probiotic organisms.
Overall, the lactococci counts increased consistantall batches, suggesting that they
were the primary acid producers throughout the sd@eaking process. Their performances
were also not affected by the addition of any @& phobiotic adjuncts. On the other hand,
most of the probiotic organisms only grew slowlyidg the whole manufacturing process
because of the insufficient amounts of amino aeioid low molecular weight peptides in

milk to sustain their growth (Fox et al., 1993).cAb 5.5 to 7.5 log cfu g* of probiotic
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bacteria were lost during draining (Table 4.3). pdbbiotic microorganisms were found to
survive the cheese manufacturing process and wesemt at a high level of 8 to 9 legfu

g™ at the end of the manufacturing process (Tablg 4.3
4.3.3. Survival of bacteria during ripening

All probiotic bacteria added were able to maint&ieir viability in Cheddar cheeses
during the ripening period of 24 wk atG(Figure 4.1). The survival patterns&flongum
1941, B. lactis LAFTI®B94, Lb. casei 279, Lb. paracasei LAFTI®L26, Lb. acidophilus
4962 and_b. acidophilus LAFTI®L10 in Cheddar cheeses were similar. At the begmof
the ripening period, all six probiotic organismgldeed by about half a log cycle. After 4
wk, their count remained relatively constant, whiodicated the ability of each of the
probiotic strains to adapt quickly to the cheeseirenment. At the end of the ripening
period, Lb. acidophilus strains (LA 4962 and LAFTL10) showed the highest decline as
compared toB. longum 1941, B. lactis LAFTI® B94, Lb. casel 279 andLb. paracasei
LAFTI®L26. All probiotic organisms, however, were ablemaintain their viability at the
level of > 8.0 logo cfu g™.

On the other hand, lactococci counts in all cheeseseased by one to two log
cycles after 24 wk of ripening af@ probably due to unfavorable conditions in theesige
such as high salt in moisture, low pH, lack of fentable carbohydrate and low ripening
temperature. Despite the variation in the type mbpmtic adjunct added, the decline in
counts of starter lactococci in different batchethe cheeses was not significantly different
(P < 0.05). This indicates that the probiotic adjunct dot affect the performance of starter
lactococci during ripening. A similar trend was aalsbserved in our previous study
(Chapter 3, section 4.3.3).

A population of non-starter lactic acid bacteriégS(M\B) also proliferated in cheeses
during ripening. NSLAB are chiefly composed of t@wacilli such ad_b. plantarum, Lb.
casel and Lb. brevis (Gardiner et al., 1998). As shown in Figure 4.1SURB counts
remained relatively low for the first few weeks rigening and increased to about 71lpg
cfu g* at the end of ripening period of 24 wk &C4(Batches 1 — 3). Similar growth
characteristics of adventitious NSLAB in Cheddageete produced in open vats have been
reported (Lynch et al., 1999). NSLAB counts coutit be presented for the first 8 wk of
ripening in cheeses withb. casei 279, Lb. paracasei LAFTI®L26, Lb. acidophilus 4962
and Lb. acidophilus LAFTI®L10 (Batches 4 — 7). These probiotic organisms vedae to

grow on LBS agar used for the enumeration of NSLE&Bunts of NSLAB in cheeses with
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the addition of these probiotic bacteria were at#diby subtracting the count of probiotic
bacteria on selective media from the total lactdlhaount on LBS agar. The subtraction
method, however, did not work for the first 8 wkrgdening because the levels of NSLAB
were more than one log lower than the counts obipt@ organisms. At the end of the
ripening period, the counts of NSLAB in control aatl probiotic cheeses were not
significantly different, which shows that additiohthe probiotic bacteria did not influence

the growth of the indigenous microflora of the Cti&dcheeses.

4.3.4. Production of organic acid

The metabolic activity of the microorganisms in tbtleeeses was monitored by
estimating the metabolic products, lactic and aceitids. Lactic acid concentration
increased slightly during the first few weeks qfeming due to the used of residual lactose
trapped in the curd. At the end of ripening, thenaamtration of lactic acid was not
significantly different between cheeseB ¢ 0.05). No other discernible pattern was
observed in the concentration of lactic acid. Acettid concentration, however, increased
as the ripening time increased in all cheeses dieuthe control (Figure 4.2). At the end of
ripening, the concentration of acetic acid in dif& probiotic cheeses varied significantly
(P < 0.05).

Acetic acid concentration in cheeses with acidophilus strains and control cheese
was not significantly differentq(> 0.05). At the end of 24 wk, the concentratioraoétic
acid was 0.06% for both cheeses with acidophilus 4962 (Batch 6) and for control cheese
(Batch 1) and 0.05% for cheese with LABLLO (Batch 7). Results show thab.
acidophilus strains used in this study were not able to prodetic acid as their metabolic
end products. The presence of a small amount dicaeeid in both control and.b.
acidophilus cheeses was due to the ability of NSLAB and stdoéeteria to produce acetate
from lactose or citrate or from amino acids (FoM&Sweeney, 1996). On the other hand,
cheeses with.b. casei andLb. paracasei had considerable concentrations of acetic acid at
the end of ripening, reaching 0.07% for cheese Wlithcasel 279 (Batch 4) and 0.10% for
cheeses with.b. paracasei LAFTI®L26 (Batch 5). Desai et al (2004) reported that som
strains ofLb. casel were able to produce acetic acid as their metaleold products.

Acetic acid concentrations in cheese vBthidobacterium sp. were also significantly
higher P < 0.05). At the end of 24 wk of ripenirg) longum 1941 cheese (Batch 2) had
0.13% of acetic acid followed by 0.10% for cheeséhwL.AFTI®B94 (Batch 3).

Bifidobacterium produces acetic acid and lactic acid from lactoae fructose-6-phosphate
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shunt pathway (Bruno et al., 2002). The fermentapiathway results in 3 mol of acetic acid
and 2 mol of lactic acid per 2 mol of glucose, #iere generating a theoretical molar ratio
(acetic:lactic) of 3:2 (Scardovi & Trovatelli, 196Binakar and Mistry (1994) incorporated
B. bifidum into Cheddar cheese and found that this orgamias able to remain viable in

Cheddar cheese up to the end of 24 wk but thensivas not metabolically active and did
not produce acetic acid. This was expected sine8ifidobacterium used in that study was

immobilized and microencapsulated prior to additadmmilling stage. The cells were not
exposed to the cheese environment, but envelop#d kwagcarragenan, thus would have
restricted the used of lactose Bifidobacterium to produce acetic acid.

4.3.5. Proteolytic activity of starter and probiotic orgéms in reconstituted skim milk

The OPA-based spectrophotometric assay detectgsegl@e-amino groups, which
result from the proteolysis of milk proteins, thyiging a direct measurement of proteolytic
activity. Figure 4.3 represents the proteolyticiwaiiés in RSM of probiotic bacteri®.
longum 1941, B. lactis LAFTI®B94, Lb. casei 279, Lb. paracase LAFTI®L26, Lb.
acidophilus 4962 andLb. acidophilus LAFTI®L10. The proteolytic activity of these
bacterial strains is expressed as the amount efdin@no groups measured as a difference in
absorbance values at 340 nm, after substractioaloés for the control RSM. As shown in
Figure 4.3,Lb. casel 279 showed the highest proteolytic activity reiegsthe highest
amount of free amino groups followed bly. acidophilus 4962,Lb. paracasei LAFTI®L26,

Lb. acidophilus LAFTI® L10 andBifidobacterium sp.

4.3.6. Assessment of proteolysis in Cheddar cheeses

Assessment of proteolysis in the control and probicheeses by determination of
WSN, TCA-SN and PTA-SN over the 24 wk of ripeniregipd at 4C is depicted in Figure
4.4. The ratio of WSN to total nitrogen (TN) in alieeses increased progressively, but the
increase was more intense after 16 wk of the Iniigening period (Figure 4.4a). During
the first 12 wk of ripening, there were no appauifierences among all cheeses in the level
of WSN. Fox (1993) explained that about 3-6% of toagulant (Chymosin) added to
cheese milk is retained in the curd. Differenceshim level of WSN at the early stage of
ripening period (0-12 wk) among these cheeses weteexpected because most of the
water-soluble peptides were the products of prinpaoteolysis produced by the action of
the coagulant and plasmin (Visser, 1977). Afterv@Q higher WSN was detected L.
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casel 279 cheese (Batch 4) ahd. paracasei LAFTI®L26 cheese (Batch 5), because both

strains have considerably higher proteolytic atti(Figure 4.3) and thus higher casein

hydrolytic ability, which contributed to the releasf more water soluble peptides. At the
end of the ripening period, levels of WSN for alolpiotic cheeses were higher and
significantly different P < 0.05) from the control cheese due to the presehcmore
proteolytic enzymes with the addition of probiatleeses.

The amount of TCA-SN also increased progressivety \@as more intense after 8
wk (Figure 4.4b). Starter and non-starter bactgnateinases are principally responsible for
the formation of TCA-SN (Fox et al., 1993). Cheesesle withB. longum 1941 (Batch 2),
Lb. acidophilus 4962 (Batch 6) andb. casel 279 (Batch 4) in general had the highest level
of TCA-SN (Figure 4.4b), which shows that when btdupeptides had been formed by
rennet and starter culture, the peptidases anéipeses from these probiotic adjuncts were
able to hydrolyse them effectively thus releasingrenintermediate and smaller size
peptides. This was more apparent after 12 wk eale@s more products of the primary
proteolysis were available as substrates for tHesesyuent proteolysis by the probiotic
organisms.

Higher concentration of free amino acids was olesim probiotic cheeses (Figure
4.4c). A similar trend in the development of tdrae amino acid in probiotic cheeses was
noted in our previous study (Chapter 3, Figure 3aBel also by Gardiner et al. (1998). It is
interesting to note that although bdgh longum 1941 andB. lactis LAFTI® B94 were
weakly proteolytic strains (Figure 4.3), both che=ewith the addition of those strains had
elevated concentration of free amino acids at titea# the ripening period (Figure 4.4c). It
thus suggests that the peptidases fiBifiidobacterium sp. were able to hydrolyze the
product of the primary proteolysis to mostly smalbeptides and amino acids that were
soluble in PTA. Shihata and Shah (2000) found althbughBifidobacterium sp.possesses
very little proteolytic activity, they had high lels of intracellular aminopeptidases activity.
Minagawa et al (1985) described the exopeptidastesyof severaifidobacterium strains
and demonstrated the presence of aminopeptidaseppeptidase and carboxypeptidase
activities.

The concentration of free amino acidd.im acidophilus LAFTI®L10 cheese (Batch
7), Lb. casel 279 cheese (Batch 4) andb. acidophilus 4962 cheese (Batch 6) was not
significantly different and the FAA levels were a@gt as high as those Bifidobacterium
sp.cheeses (Batches 2 & ®)b. paracasei LAFTI®L26 cheese (Batch 5) on the other hand,

had the lowest level of free amino acids when caetbdo the other probiotic cheeses
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which shows that althoughb. paracasei LAFTI®L26 was highly proteolytic (Figure 4.3),

its proteolytic enzymes produced mainly large taimm size peptides during ripening.

Proteolysis pattern of the cheeses during ripeniag also monitored by SDS-
PAGE. Electrophoretic pattern of cheeses vidthongum 1941 was similar with that with
B. lactis LAFTI®B94; Lb. casei 279 was similar with_b. paracasei LAFTI®L26 andLb.
acidophilus 4962 was similar withLb. acidophilus LAFTI®L10. The electrophoretic
patterns of the control and probiotic cheeses wpeesented in Figure 4.5. Protein bands
were identified based on molecular weight and bBlsgomparison with standards of casein
(CN), 0sCN, B-CN and x-CN. 0s1-CN and as;CN could not be separated on 12%
acrylamide gel because the molecular weights ofehevo fractions are very similar
(Varnam & Sutherland, 1994-Lactoglobulin (MW 18, 300) and-lactalbumin (MW 14,
000) were identified based on their molecular weigh general, the electrophoretic
patterns of Cheddar cheese during ripenind@tfdr 24 wk show that as the ripening time
increases, the concentrations «@fCN, B-CN decreased and the concentration of lower
molecular weight breakdown products of the casémseased. These products, which
appear in SDS-PAGE in the area betwparasein ang-lactogolobulin (Figure 4.5) (Basch
et al.,, 1989; Brandsma et al., 1994), serve astsubs for microbial proteinases and
peptidases, which lead to the formation of smadkeptides and amino acids. The rate of
hydrolysis ofas-CN andp-CN was, however, different between batches.

The assCN was hydrolysed faster in almost all probiotieeeses as shown by the
disappearance of the- CN band at the early stage of ripening periodyFe 4.5). This was
especially very obvious for cheeses made wiitn casei 279 and Lb. paracasei
LAFTI®L26. On the other handi- CN band for cheeses made wikfidobacterium sp.
was hydrolysed almost at the same rate as conliéses. This was expected because
Bifidobacterium strains used in this study were not highly protgol(Figure 4.3). Our
findings are in agreement with those of Dinakar avigtry (1994), who found no
significant differences between the electrophor@siterns of cheeses without probiotic
bacteria and those supplemented vBthbifidum. Similar results were also observed by
Corbo et al. (2001) who supplemented Canestro &gyhard cheese wiBi longum andB.
bifidum.

The progress of hydrolysis of the individual caskactions is depicted in Figure
4.6. Percentage hydrolysis of casein fraction wasessed as relative to concentration of
casein at wk 1. Most of the-CN hydrolysis occurred at the early stage of ripgn
between 0 and 16 wk and the hydrolysis slowed dafter 16 wk. The percentages waf
CN hydrolysed at the end of 24 wk were 69.5%, 57.6209%, 40.0%, 27.9% and 27.8%
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for Lb. paracasei LAFTI®L26, Lb. casei 279, Lb. acidophilus 4962, Lb. acidophilus
LAFTI®L10, B. longum 1941 andB. lactis LAFTI®B94 cheeses, respectively. The most
important contributor to the continuous casein matf a Cheddar cheese i5:-CN

(Lawrence et al., 1987), and hydrolysis of thiseoass believed to be responsible for the
softening of Cheddar cheese texture (Grappin e1885).

During ripening,p-CN does not undergo as much degradations&N (Brandsma
et al., 1994; Mistry & Kasperson, 1998). This shdhat the bacterial peptidases were able
to hydrolyseas-CN faster tharg-CN. Addition of probiotic adjuncts increased thergent
hydrolysis off—CN slightly (~ 5%) but significantlyR < 0.05), except for cheese with.
paracasei LAFTI®L26 (Batch 5), which shows that the proteolytic yenes fromLb.
paracasel LAFTI®L26 had very low preference ff+CN.

4.4. Conclusions

All probiotic adjuncts survived the cheese makimgcpss at a high level without
alteration of cheese making process. At the en2dofvk ripening at ZC, these organisms
maintained the levels of > 8.0 lpa:fu g, Acetic acid concentration was higher in cheeses
with B. longum 1941, B. lactis LAFTI® B94, Lb. casei 279 andLb. paracasei LAFTI®L26.

No significant difference in the level of acetiddaevas found amongst cheeses wliin
acidophilus sp. and control cheeseish. casei 279 andLb. paracasei LAFTI®L26 had
higher casein hydrolytic activity which was refledton the release of more water-soluble
peptides and higher percentage hydrolysissdEN. Concentration of free amino acids on
cheese withLb. paracasei LAFTI®L26 was not higher than other probiotic cheeses,
showing that the bacterial peptidases in the chgweduced more intermediate size
peptides rather than smaller peptides and amirss aéilthoughBifidobacterium sp. was
found to be weakly proteolytic, both cheeses wittese strains had the highest
concentration of free amino acids at the end ofribening period. Once the products of
primary proteolysis were available, the proteolgizyme ofBifidobacterium sp. was able

to hydrolyze them very rapidly to produce smallepfides and amino acids. These data
thus suggest that the six probiotic strains studi@d be applied successfully in Cheddar
cheeses. Addition of these probiotic adjuncts edsaolted in the increased hydrolysisugf

CN and thus in the release of small molecular wepgiptides.
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Table 4.1.Production scheme of probiotic Cheddar cheeses

Cheddar cheeSe Probiotic adjunct (1.2% v/v)
Batch 1 None

Batch 2 B. longum 1941

Batch 3 B. lactis LAFTI®B94

Batch 4 L. casal 279

Batch 5 L. paracasei LAFTI®L26
Batch 6 L. acidophilus 4962

Batch 7 L. acidophilus LAFTI®L10

L All Cheddar cheeses were produced with cheeseestautture (1.5% v/v) of mix.actococcus
lactis subsplactis andLactococcus lactis subspcremoris.
2 1.2 % viv = 12 mL of bulk culture of RSM added teegy liter of pasteurized milk.
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Table 4.2.Composition of control and probiotic Cheddar chekese

N Cheddar cheeSe
Composition
Batch 1 Batch 2 Batch 3 Batch 4 Batch 5 Batch 6 clBa&t
% Moisture 39.00 +£0.78 40.60 +0.78 43.30+0.38 39.80 £ 0.38 39.00 £ 0.99 433+1.1 40.60 + 1.35
% Salt 1.78 £0.05 1.85 +0.04 1.90 +0.04 1.71 £0.02 1.70 £ 0.08 1.95 +0.08 1.95 +0.07
% SDM’ 2.91+0.1%1 3.68 + 0.07 3.28 +0.06 3.31+0.08 3.28+0.08 3.11 + 0.0 3.35+0.1°
% Fat 31.40+0.85 33.10 £ 0.64 30.45 +0.59 33.25+0.32 32.50+0.83 31.00 £ 0.79 30.64 +1.02
% FDM* 51.48 £ 0.83 55.39 + 1.07 54.40 + 1.05 52.54 + 0.5%1 51.58 +1.3%1 55.72 +1.42 53.70 £ 1.79
% Protein 27.46 £ 0.41 25.54 + 0.49 28.41 £ 0.5% 25.80 £ 0.25 26.88 + 0.68 25.51 +0.65 26.74 £ 0.8%
pH 5.40 +0.03 5.20+0.10 5.26 +0.10 5.25+0.05 5.34+0.14 5.15+0.13 5.22+0.17

2 Means in rows with like superscripts do not diffier> 0.05).

! Results are expressed as mean + standard errazarfann = 3 sets of data analysed in duplicately8es were conducted during the first wk of Cheddar
cheese ripening.

2 Batch codes are as detailed in Table 4.1.

® Salt in dry matter.

* Fat in dry matter.
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Table 4.3.Viability (Logso cfu g*) of cheese starter culture and probiotic adjuncing manufacturing of Cheddar cheese

Viability (Log 10 cfu g1)*

Samplé ] _ Pressed curd
Inoculated milk  Ripened milk  Cooked curd Whey Cheddared curd (Fresh cheese)
Batch 1  Starter 7.37 +0.14" 7.90+0.028 9.20+0.3%"  7.39+0.09" 9.49 + 0.34" 9.31 +0.2%
Batch 2  Starter lactococci  7.84 + 0.26"* 8.00+0.46"* 9.08+0.66* 7.20+0.38" 9.59 + 0.24" 9.80 + 0.04"
BL 1941 7.18 +0.18" 7.27 +0.18* 828+0.1¥* 7.27+0.18 8.63 +0.57" 8.71+0.37"
Batch 3 Starter lactococci  7.43 +0.1# 7.78 +0.26°* 8.90 +0.26*  7.18 +0.48" 9.20 + 0.36" 9.84 + 0.08"
LAFTI®B94 7.27 +0.37 7.22 +0.2% 7.98+0.12" 554 +0.08 8.30 +0.27" 8.60 + 0.57"
Batch 4 Starter lactococci  7.11 +0.18* 7.78+0.52* 09.08+0.14* 7.11+0.18 9.43 +0.48" 9.71 +0.0%"
LC 279 8.01 + 0.1 8.23+0.42" 880+02% 7.45+0.1% 8.82 + 0.2%" 8.84 + 0.22"
Batch 5 Starter lactococci  7.52 +0.38" 8.05+0.26"" 9.54+0.48 7.15+0.2%" 9.90 + 0.56" 9.58 + 0.1
LAFTI®L26 7.85+0.52" 7.95+0.28" 8.61+ 0.5 7.43+0.1% 8.90 + 0.59" 8.65 + 0.44"
Batch 6 Starter lactococci  7.10 + 0.47* 7.39+0.1% 8.96 + 0.48" 7.41 £+ 0.3 9.00 + 0.2%* 9.42 +0.11"
LA 4962 7.01 + 0.46" 7.34+0.37 8.12+0.431* 753+0.19 8.43 + 0.43" 8.73+0.1%"
Batch 7 Starter lactococci  7.94 + 0.26* 8.36 + 0.48" 09.37+0.2%* 7.69+0.12" 9.55 + 0.64* 9.60 + 0.08"
LAFTI®L10 7.35 + 0.28" 7.48 +0.38" 8.15+0.2%" 6.27 +0.32" 8.59 +0.1%" 8.60 + 0.57"

abdMeans in rows with like superscripts do not differ> 0.05).

AB Means in column with like superscripts do not diffe > 0.05).
! Results are expressed as mean + standard erraasfann = 3 sets of data analysed in duplicate.
Z Batch codes are as detailed in Table 4.1.
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Figure 4.1. Survival of starter lactococci, probiotic adjunésed NSLAB in Cheddar cheese during
ripening period of 24 wk at’€. Batch codes are as detailed in Table 4.1. Reardtexpressed as mean +
standard error of means; n = 3 sets of data ardhipsduplicate.
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Figure 4.2. Acetic acid concentration of Cheddar cheeses duipening at 4C for 24 wk. Batch codes
are as detailed in Table 4.1. Results are express@dean + standard error of means; n = 3 setataf d
analysed in duplicate.
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Figure 4.3.Indication of proteolytic activity of probiotic beariaB. longum 1941,B. lactis LAFTI®B94,

Lb. casei 279, Lb. paracasaei LAFTI®L26, Lb. acidophilus 4962 andLb. acidophilus LAFTI®L10 after
incubation in reconstituted skim milk (RSM) for b8 Data represent differences in absorbance values
after subtracting the value for the control RSM.
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Figure 4.4.Concentration (expressed as percentage of totaf K§) water-soluble nitrogen (WSN), (b)
trichloroacetic acid-soluble nitrogen (TCA-SN), @)osphotungstic acid-soluble nitrogen (PTA-SN) of
Cheddar cheeses during ripening % 4or 24 wk. Batch codes are as detailed in Takle Results are
expressed as mean * standard error of means; sets ®f data analysed in duplicdféMeans between
treatments (Batches) with like superscripts dodiiter (P > 0.05).
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20 M AU

Figure 4.5. Electrophoretic patterns of SDS-PAGE of Chedda&esk during ripening period (wk 1, 2, 4,
8, 12, 16, 20, 24, 24). Batch codes are as detml@dble 4.1. CN = casein. BR = broad range phesta
molecular weight (MW) standards containing: myo@ifiW 205,000),B-galactosidase (MW 120,000),
bovine serum albumin (MW 84,000), ovalbumin (MW @&Z)), carbonic anhydrase (MW 36,000),
soybean trypsin inhibitor (MW 30,200), lysozyme (M2L,900) and aprotinin (MW 7,400). LA =
lactalbumin. LG = lactoglobullin.
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Figure 4.6.Protein hydrolysis (%) of (agsiCN and (b)B-CN during ripening of Cheddar cheese.
Batch codes are as detailed in Table 4.1. Resdtexpressed as mean + standard error of means of
at least 3 sets of data.
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5.0 Sensory evaluation of Cheddar cheeses produced
with  Lactobacillus acidophilus, Lb. casei, Lb.

paracasei and Bifidobacterium sp.”

5.1. Introduction

The ripening of cheese involves three primary béooltal processes namely
glycolysis, lipolysis, and proteolysis. Proteolygiys a critical role in determining the
typical sensory characteristics and representgrafisiant indicator of quality, as shown for
Cheddar cheese (Fox & McSweeney, 1996). Protealysiaused by enzymes contained in
milk (plasmin, cathepsin), rennet (pepsin and chsimjoand microbial enzymes released by
starter bacteria and non-starter lactic acid beci®SLAB). A gradual decomposition of
caseins occurs due to the combined action of thews proteolytic enzymes. Product of
proteolysis including peptides and amino acids be@sn shown to be important for the
development of Cheddar flavour (Thomas & Mills, 19€liffe et al., 1993; Lynch et al.,
1999).

Addition of lactobacilli in cheeses has been asgedi with an increased proteolysis
and intensification of flavour (McSweeney et al994; Drake et al., 1996; Lane & Fox
1996; Lynch et al., 1999). Proteolytic enzymes poadi by certain probiotic adjuncts were
also found to degrade bitter peptides (Koka & Wein#900). Broadbent et al. (2002)
showed that lactococcal proteinases and rennetesponsible for the formation of bitter
peptides from caseins in Cheddar cheese. Althoutjér haste is considered a normal
component of cheddar flavour, excessive bittermagay limit consumer acceptance of
cheeses. Identification of an adjunct culture f@iduces a premium quality of Cheddar
cheese will thus be useful to the industry.

Glycolysis also influences the flavour of Cheddaeese. It involves the conversion
of lactose to lactic acid mainly by starter baegereducing the pH of typical Cheddar to 5.1
— 5.4. During ripening, residual lactose (0.8-1.5%)metabolized to predominantly L-
lactate. Oxidation of lactate by starter bacteN&LAB or probiotic adjunct in general

“A version of this chapter has been published. @QngHenriksson, A., & Shah, N.P. (2007b). Chemical
analysis and sensory evaluation of Cheddar chgasessiced withLactobacillus acidophilus, Lb. casei, Lb.
paracasei andBifidobacterium sp.International Dairy Journal, 17, 937 - 945.
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produces 1 mole of acetate and 1 mole o, @@ consumes 1 mole of, Per mole of
lactate utilized (Fox et al., 1993). Acetate magoabe produced by starter bacteria or
probiotic adjunct such akactobacillus and Bifidobacterium from lactose or citrate or
amino acid and is usually present at fairly higmnantrations in Cheddar cheeses (Fox &
McSweeney, 1996). Acetate is considered to cortiilba cheese flavour, although high
concentrations may cause off-flavours. Wh@&ifidobacterium lactis was used in
combination with Lactobacillus acidophilus strain Ki as the starter in Gouda cheese
manufacture (Gomes et al., 1995), there was afgignt effect on cheese flavour after 9
wk of ripening, possibly due to the production afetc acid by theBifidobacterium.
Production of acetic acid in cheeses especially wie addition of probiotic adjunct thus
requires a careful examination.

In our previous study (Chapters 3.0 & 4.0), sixhpotic organisms B. longum
1941, Lb. casei 279, Lb acidophilus 4962, B. lactis LAFTI®B94, Lb. paracasel
LAFTI®L26" andLb. acidophilus LAFTI®L10) were used for the development of probiotic
Cheddar cheeses. These organisms have been selmdted on their acid and bile
tolerance, adhesion to intestinal cell line, amticeogenic properties, oxygen sensitivity
and ability to modify gut microflora of human sute (Lankaputhra & Shah, 1998;
Mclintosh et al., 1999; Crittenden et al., 2001)eJén strains were shown to maintain their
viability at high level of > 7.0 log cfu g* at the end of ripening period of 24 wk €4
Addition of probiotic adjuncts also changed thetgobytic pattern and the organic acid
profiles of the cheeses. The objective of this gtwas to investigate the influence Bf
longum 1941, Lb. casei 279, Lb acidophilus 4962, B. lactis LAFTI®B94, Lb. paracasei
LAFTI®L26 andLb. acidophilus LAFTI®L10 added individually and in combination, on
sensory properties of cheddar cheeses after rigeioin9 months at °C as affected by

acetic acid production and proteolysis.

" B. lactis LAFTI®B94 has been reclassified Bsanimalis subsplactis LAFTI®B94
" Lb. paracasei LAFTI®L26 has been reclassified ldis. casei LAFTI®L26
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5.2. Materials and Methods
5.2.1. Cheddar cheese samples

Cheddar cheeses were made with 10 L pasteurizédamd 1.5% (v/v) inoculum of
the mixed strain starter culturk. (actis subsplactis andL. lactis subsp.cremoris) using a
pair of custom made cheese vats. Three batchesheddar cheeses including a control
cheese with only starter lactococci (Batch 1M), anmbiotic cheeses produced with starter
lactococci and mixture ofLactobacillus acidophilus 4962, Lb. caset 279 and
Bifidobacterium longum 1941 (Batch 2M) oiLb. acidophilus LAFTI®L10, Lb. paracasei
LAFTI®L26 andB. lactis LAFTI®B94 (Batch 3M) as described in Chapter 3.0 (section
3.2.2) were evaluated in a series of sensory etrafueéSeven batches of Cheddar cheeses
including a control cheese with starter lactocandy (Batch 1) and six probiotic cheeses
with starter lactococci and probiotic adjuncts (Bets 1-7) as described in Chapter 4.0
(Table 4.1) were also evaluated.

The cheeses were manufactured in triplicates asupitd the standard procedures
of Kosikowski (1977) as described in sections 3&h@ 4.2.2 and ripened for 9 months at
4°C. The chemical analyses of the cheeses durin§jréte24 wk of ripening is reported in
Chapters 3.0 and 4.0. There was a delay in obtaiathic approval of the protocol for
sensory evaluation. The ethics committee take lotigan it was anticipated. Hence sensory
evaluation was carried out on the 9 months samipie. results of the chemical analysis
after prolonged ripening (at 9 months) and theiralation with the sensory results are

reported in this Chapter.
5.2.2. Sensory evaluation of cheeses

Staff and students of Victoria University were réted as the sensory panelists for a
series of triangle tests (n = 36), acceptancegdatst (n = 30) and evaluation for specific
attributes (n = 30). All panelists signed a Victotniversity human subject’s consent form
(Appendix A.1). The panelists were familiar withsiasensory evaluation techniques and
prior to sensory evaluation they participated irefiong sessions. Panelists had access to
deionized water and unsalted soda crackers todedmse their palates.

For sensory evaluation, cheese samples were renfovadthe refrigerator and cut
into pieces (about 1.5 x 1.5 x 1.5 cm in size) phated on white plates coded with a

random 3-digit numbers one hour prior to evaluatwmoom temperature (25). Cheese
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cubes from the three replications of the same batehre mixed randomly so that all
replications from the same batch were presented| egqumber of times.

For the triangle test (Appendix A.6), panelists @vasked to choose the odd cheese
in a series of eight triangle tests conducted in tlays (4 combinations each day). The
probiotic cheeses were presented against the ¢afieese to find out whether there were
any significant differences between the control #reprobiotic cheeses. The cheeses were
presented as AAB, ABA, BAA, BBA, BAB and ABB, whet&’ was probiotic cheese and
‘B’ was control cheese and each combination wasegmted an equal number of times.
Significant differences were determined using tlethod of Roessler et al. (1978).

For acceptance rating test (Appendix A.5), parelistre instructed to evaluate their
perception of the overall liking of the cheesesaot0-point intensity scale (1 = dislike
extremely, 10 = like extremely). Prior to tastirggnelists completed a questionnaire on
frequency of cheese consumption (<1 once per wktigies per wk, 4-5 times per wk, or >
5 times per wk) and cheese preference (mild, mediusharp matured cheese) (Appendix
A.4). Panelists evaluated all cheeses in two déiye @t each session), with a control
cheese included as a reference in each session.niBimmer in which the treatment
combinations were divided between the sessionsttaarder in which the cheeses were
presented was randomized to minimize the carryaféects (Muir & Hunter, 1991).

Panelists were instructed to cleanse their palsése proceeding to the next sample.

Panelists evaluated specific attributes, whichudetl Cheddary flavour, bitterness,
sour-acid, vinegary, creamy, hardness and crungsdinging a 10-point intensity scale
(Appendix A.7). Panelists also evaluated all cheasewo sessions (five at each session
including a control at each session), as descrgrediously. A wide range of descriptive
vocabulary (attributes) for Cheddar flavour hasrbdefined by Delahunty and Murray
(1997) and Murray and Delahunty (2000). Drake e{1£196) selected six specific attributes
(bitter, sour-acid, oaky/nutty, creamy, firmnessl @umbliness for the sensory evaluation
of Cheddar cheeses made with the addition of atjlantobacilli. In our study similar
terms were used with some modifications. Vinegdiybate was added to the attribute lists
to determine the correlation between acetic acittentrations obtained from instrumental
analysis and human sensory perception of vinegestg tof the cheeses. Panelists received 3
main sessions of training (3 days) prior to sengwdluation. In the first session panelists
were trained for their ability to detect sour-atabte, bitterness and vinegary taste of
different concentration of lactic acid, caffeinedaacetic acid in water. Detection threshold
was determined using a series of duo-trio testspéAdix A.2). In the second session,

panelists were trained to recognize the oaky/ridtsour of Cheddar cheese by using three
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different type of commercial cheese (“mild”, “tasgnd “vintage” cheeses). The attribute
oaky/nutty, which corresponded to the flavour chieastic of premium quality Cheddar
cheese (Bodyfelt et al., 1988), was changed to d@ae/’, which was defined as the
general flavours of Cheddar cheese (Hulin-Bertdual.e2000). Panelists were instructed
to rate the Cheddary intensity using 1 to 10 s¢al = highest intensity, 1 = lowest
intensity) of three different types of commercidigddar cheeses (“mild” aged 3 months,
“tasty” aged 9 months and “vintage” aged > 12 mehtin the third session, panelists were
trained for their ability to detect sour-acid tadbddterness and vinegary taste of different
concentration of lactic acid, caffeine and aceticl an a cream cheese. Detection threshold
was determined using a series of duo-trio testselixis were also trained for their ability
to rank products with different concentration oftie acid, acetic acid and caffeine from
lowest intensity to highest intensity in water andream cheese (Appendix A.3). Repeated
testing was performed until panelists were competerrank different intensity of lactic

acid, acetic acid and caffeine both in water ancré@am cheese.

5.2.3. Cheese composition

The composition of the cheeses including the &ltmoisture, protein contents and
pH of the cheeses after ripening 4C4for 9 months were determined according to the

procedure described in section 3.2.3.

5.2.4. Acetic acid concentration

The concentrations of acetic acid after ripening’&tfor 9 months were determined
using high performance liquid chromatography (HPB€Yescribed in section 3.2.5.

5.2.5. Assessment of proteolysis

The water-soluble nitrogen (WSN), trichloroacetotdasoluble nitrogen (TCA-SN)
and phosphotungstic acid-soluble nitrogen (PTA-8Njhe cheeses were determined as per
the method described in section 3.2.6. The protieopatterns of Cheddar cheeses were
also analyzed by assessing the percentage hydralsicasein angi-casein using sodium
dodecyl sulphate — polyacrylamide gel electropher€3DS—PAGE) as described in section
3.2.6.
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5.2.6. Statistical analysis (data treatment)

Data analysis was carried out with Minitab statatipackage (Minitab Inc, State
College, PA, USA). One-way analysis of variance wsead to find out differences between
means, with a significant level at= 0.05. When significant differences were founcbam
treatments, means were compared using Tukey’'sThstsignificance in the differences of
data obtained from the triangle test was determirstdg the expanded statistical tables of
Roessler et al. (1978). Simple linear correlatiamlgsis was used to determine a
relationship between mean scores of sensory asland that of chemical analysis.

5.3. Results and discussions

The results of the sensory analysis (n = 36) based triangle test to differentiate
between control and probiotic Cheddar cheese amwrsin Table 5.1. Batches 2 to 8 were
presented against control cheese Batch 1. Batchkartl 3M were presented against
control cheese Batch 1M. There was a significafier@ince P < 0.05) between probiotic
cheeses made usimg) longum 1941, B. lactis LAFTI®B94, Lb. casei 279, Lb. paracasei
LAFTI®L26, Lb. acidophilus LAFTI®L10 and the control cheese. Only the cheese made
usingLb. acidophilus 4962 was similar to the control cheeBe>0.05). Triangle test results
also show that the control cheese Batch 1M (Chapi#@)r and control cheese Batch 1
(Chapter 4.0) were not significantly different (@ of correct judgements; n = 38< 0.05).
Batches 1 and 1M were produced using similar mettfsection 3.2.2) and had only 2 wk
differences in ripening age. The same amount oés#®e from Batch 1M and Batch 1 were
thus mixed and used as the control cheese for &wap and specific attributes scorring
test.

Addition of Lactobacillus adjuncts has been reported previously to improved@ar
cheese flavour (Broome et al., 1990; McSweeney. e1894), but in other case they were
responsible for flavour defects (Lee et al., 199@ceptability of the control and probiotic
cheeses in our study is shown in Table 5.2. Thexe no significant differencé>(< 0.05)
between acceptance scores of control cheeses fgdsdrsensory sessions day 1 and day 2.
Acceptance scores of other treatments presentdaydt and day 2 could then be compared.
The acceptance scores of cheeses with the addifioprobiotic adjuncts were not
significantly different P > 0.05) to the control except for cheeses madke thg addition of
Lb. casei (Batch 4) and mixture of ABC culturelf. acidophilus 4962,B. longum 1941, Lb.
casel 279) (Batch 2M), which received the lowest accepeascores. The results thus show
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that Cheddar cheeses made with probiotic adjuBctsngum 1941, B. lactis LAFTI®B94,

Lb. paracasei LAFTI®L26 or Lb. acidophilus LAFTI®L10 received acceptance scores

comparable to that of control cheese. Results ttemuestionnaire form completed by the
panelists showed that the type of cheese prefesexr, age and frequency of cheese
consumption did not affect the acceptance scdtes {.05). About 80% of panellists who
participated for the acceptance rating consumeédsehat 1-2 times per wk or more, 70%
were female, 73% were between the ages of 18 angedf and 53% preferred mild
cheeses.

Scores for specific attributes of the Cheddar cbe@se shown in Table 5.3. Out of
the seven attributes assessed, creamy, sour-aogQary, bitterness and hardness of the
cheeses were significantly different among variohsesesK < 0.05). Cheeses with the
addition of probiotic adjuncts received higher ssoffor bitterness, sour-acid taste and
vinegary taste when compared to those without ptabiBitterness scores in cheese with
Lb. casel 279 (Batch 4) antlb. paracasei LAFTI®L26 (Batch 5) were significantly higher
(P < 0.05) than those for the control cheese (BajchTable 5.4 shows that there was a
negative and significant correlation between theiness scores and the acceptability of
the cheeses (r = -0.80B5= 0.008). The resulting bitter off-flavours havelpably masked
the liberated aroma component in the cheeses and exglain the reason for lower
acceptance scores obtained. These results supportedrlier observation of El Soda et al.
(2000), who reported that addition of lactobaafihanced bitterness when incorporated
into Cheddar cheese. In that study, the enhandgerri|ss was related to the complex
peptidases system of the lactobacilli used. Tableaso shows that the acceptance scores
were influenced by the sour-acidic scores (r =58,8 = 0.003). Higher levels of bitterness
and development of more intense sour-acid flavouCheddar cheeses containing adjunct
cultures of Lactobacilli have been reported by ke¢al. (1990) and Lynch et al. (1999).
Lynch et al. (1999), however found that the bitemsscores were only higher at the early
stage of ripening (up to 6 months); thereafter, iteerness scores for the cheeses with
adjunct lactobacilli were similar to those withadjunct lactobacilli. Both bitterness and
the sour-acid taste of the cheeses needed to heolbed in order to produce probiotic
cheeses with acceptable quality. Although there wasignificant correlation between
Cheddary and acceptances scores, ANOVA showedthieaCheddary scores were not

significantly different P > 0.05) among various cheeses (Table 5.3).
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5.3.1. Relationship between compositional variables of @bar cheeses and their

sensory characteristic

The results of the composition (percentage moisttag protein, salt and pH),
degree of proteolysis (percentage of WSN/TN, TCATNN PTA-SN/TN, hydrolysis of
as;-casein an@-casein) and acetic acid concentration of Chedbeeses after ripening at
4°C for 9 months are shown in Table 5.5. Simple lircgarelation between the mean scores
of the specific attributes and the chemical analysishown in Table 5.6. No significant
differences P > 0.05) were observed among the experimental ckdes¢he moisture, salt,
fat and protein content, which confirmed our presidindings that addition of probiotic
microorganisms has no direct effect on cheese ceitipo (Chapter 3.0, section 3.3.1 &
Chapter 4.0, section 4.3.1). The relationship betwéhe main compositional variables
(protein, fat, salt, moisture and pH) of the cheesed their sensory characteristics were
investigated (Table 5.6). There were no significemtrelations between the composition
variables (protein, salt and moisture content)haf theeses and sensory attributes scores.
The fat content of the cheeses tended to showiy®ditit not significant correlation with
the creamy scores of the cheeses (r = 0.B270.071). There were, however, negative and
significant correlation between the fat content arehn scores for hardness (r = -0. 8%,
0.025). The pH of probiotic cheeses was in geneka¢r than that of control cheese, but
this did not influence the sour-acid scores ofc¢heeses. It is interesting to note, however,
that vinegary scores were negatively and signitigacorrelated to the pH of the cheeses (r
=-0.830,P = 0.006) (Table 5.6).

5.3.2. Relationship between acetic acid concentration asehsory attributes of Cheddar
cheeses

Concentrations of acetic acid in cheese \Ritfidobacterium sp. (Batch 2 & 3)Lb.
casei (Batch 4) andLb. paracasei (Batch 5)after ripening at % for 9 months were
significantly higher P < 0.05) as compared to the control cheese (Table 5. casai is
known to produce acetic acid (Shihata & Shah, 2000) the other handBifidobacterium
sp. produced acetic acid and lactic acid from ke&toia a fructose-6-phosphate shunt
pathway (Dinakar & Mistry, 1994) as described ira@ter 3.0 section 3.3.4.

The level of acetic acid in the Cheddar cheeses ags®ssed during sensory
evaluation as the level of vinegary taste as shawifable 5.3. During the course of

training, panelists’ average threshold of aceticl acas determined using a series of duo-
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trio tests. It was found that their acetic acice#irold in water was less than 0.006% (v/v).
The vinegary taste, however, was more difficultb® detected in the presence of other
components such as fat, protein, acid and salt.\/diféerent concentrations of acetic acid
were mixed into a product such as cream cheesejdteetion threshold increased more
than ten fold to 0.06% - 0.100% (v/w). The detattioresholds both in water and in cream
cheese, however, were much lower than the cont¢iemiraf acetic acid in experimental
Cheddar cheeses (Table 5.5).

Production and accumulation of acetic acid in trebjptic cheeses were reflected in
the sensory scores. Although all cheeses with at§uprobiotic organisms received higher
vinegary attribute scores (Table 5.3), there wasigoificant correlation between vinegary
and acceptability scores (Table 5.4). Similarlgréhwas no significant correlation between
the mean scores of vinegary attribute and aceiid eancentration of the cheeses (r =
0.271,P = 0.481; Table 5.6). The result indicated thathalgh panelists were able to
detect the presence of acetic acid in the probicheddar cheeses, they were unable to
detect the differences in the concentration of iacatid between different batches of
cheeses. Results also indicated that the vinetmrgur of the cheeses in this study was still
within the acceptable range.

5.3.3. Relationship between proteolytic pattern of Chedad&eeses and their sensory

characteristics

Higher levels of proteolysis were detected in potibi cheeses after 9 months of
ripening at 4C as indicated by the release of more water-, T&#+ PTA-soluble peptides
in the probiotic cheeses (Table 5.5). The solulitegenous compounds provided by casein
proteolysis contribute directly to cheese flavowmd aexture (Fox et al., 1993). These
nitrogen fractions generally increased as cheegesd, acorresponding to the continued
breakdown of casein and large peptides into snegitidges and amino acids by the action of
starter culture enzymes and residual rennet (Lal.e1991). The levels of proteolysis was
particularly high in cheeses with the additionLtf casei 279 (Batch 4) andlb. paracasel
LAFTI®L26 (Batch 5), because both strains have consitietdagher proteolytic activity
(Chapter 4.0, section 4.2.5). At the end of thedhtis ripening period at’@, percentage
hydrolysis ofas;- CN in all probiotic cheeses excefitlongum 1941 (Batch 3) cheese was
significantly higher P < 0.05) than control cheeses.

The increased proteolysis in probiotic cheeses sHothat the cheeses ripened

faster than controls. The resuli®re expected to influence the Cheddary scoreqhef t
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cheeses, but Table 5.3 shows that the Cheddargssawere not significantly different
between batches. The scores of commercial cheess$ during the training session
included 3.11 £ 0.54, 5.60 £ 0.41 and 8.90 + 0&2'Mnild”, “tasty” and “vintage” cheeses,
respectively. The average scores of Cheddary atésbas shown in Table 5.3 indicated that
the experimental cheeses were comparable to thenearial “tasty” cheese. The findings
also show that the probiotic adjuncts used in #iigdy did not increase the level of
perceived maturity. The control cheese, despiténigalower WSN, TCA-SN and PTA-SN
had a Cheddary score comparable to the probiotesds (Table 5.3).

Previously, excessive proteolysis was associatél twe increase in bitterness (Lee
et al.,, 1990). Table 5.6 shows that there was #iyp®®nd significant correlation between
the scores of bitterness and the level of WSN@755,P = 0.046). According to Lemieux
and Simard (1992), bitterness develops when smathédium-size hydrophobic peptides
produced by the coagulant and microbial enzymesimatate to the levels that exceed
desirable taste thresholds. Residue 193-209 dftterminal region of-casein and residue
1-9 of the C-terminal region ais;-casein have been associated with bitterness iasehe
(Lemieux & Simard, 1992). Reverse phase - HPLC miatograms of the Cheddar cheeses
in our study indicated the presencefetasein (f 193-209) ands;-casein (f 1-9) (Chapter
6.0, section 6.3.4). Broadbent et al. (2002) pentat regression analysis of bitter flavour
scores from the trained sensory panel and condemmtraf f-casein (f 193-209) ands:-
casein (f 1-9) and found that these peptides hagltip® correlation with bitterness.
Hydrolysis of these peptides is associated withrebesed bitterness in Cheddar cheese. The
total area of the peak of these peptides duringnii is discussed in Chapter 6.0 section
6.3.5.

A level of salt in moisture (S/M) > 4.5% is neceys® prevent the development of
bitterness in cheese (Mistry & Kasperson, 1998ksEhratios reflect the amount of free
water available for microbial growth. A lower lewvefl S/M and high water activities allow
excessive bacterial growth, promote excessive piyais and lipolysis and in turn lead to
defective body, texture (open, soft, greasy), flavgunclean, bitter) and consumer
unacceptability (Beresford & Williams, 2004).

The moisture content of the experimental cheesesshghtly higher than average
moisture content of commercial cheeses. The higheisture content resulted in the
lowering of the percentage of S/M. Although ther@swo significant differencd>(> 0.05)
between the salt content of the cheeses, someashsesh as those willh. casei 279
(Batch 4) andLb. paracasei LAFTI®L26 (Batch 5), had only about 4.3% S/M. The
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percentage of S/M would probably be one of theofacthat contribute to the increase in
bitterness.

The most important contributor to the continuouseoa matrix of a Cheddar cheese
is as-CN (Lawrence et al., 1987), and hydrolysis of ttasein is believed to be responsible
for the softening of Cheddar cheese texture (Grappal., 1985). Cheese with the addition
of B. longum 1941 (Batch 2)Lb. casei 279 (Batch 4) antb. paracasei LAFTI®L26 (Batch
5) received significantly lower hardness scorestttee control (Table 5.3). The scores
however did not influence the acceptability of tlteeeses (Table 5.4) and no correlation
was observed between the degree of proteolysicdperge of WSN/TN, TCA-SN/TN,
PTA-SN/TN) and panelists’ scores for hardness (@ &l5).

5.4. Conclusions

Sensory panelists perceived all probiotic cheesesp that withLb. acidophilus
4962 to be significantly different than the conttbeese without probiotic. Acceptability of
probiotic cheese withb. casei 279 was significantly lower than that of the cohtheese
with bitterness and sour-acid taste as the majéectle Concentration of acetic acid in
cheeses withBifidobacterium sp., Lb. casei 279 andLb. paracasei LAFTI®L26 was
significantly higher than the control cheese. Viaggscores, however, did not significantly
influence the acceptability of the cheeses and Igasevere not able to detect the various
concentrations of acetic acid between the diffetsatthes of cheese. Concentrations of
soluble nitrogen and hydrolysis of casein were &igh probiotic cheeses, but increased
proteolysis did not significantly influence the @dary attribute scores of the cheeses.
There was, however, a positive and significantedation between the scores of bitterness
and the level of water-soluble nitrogen. Althoudtere was no significant correlation
between the composition variables (protein, sall amoisture content) and scores of
sensory attributes, cheeses with the lowest paagerdf S/M received the highest bitterness
scores. Some strains used in the study have paitémtiuse in the production of probiotic
Cheddar cheese with acceptable quality.
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Table 5.1.Differences between control and probiotic cheesgseaceived by triangle test

(n = 36) after 9 months of ripening &C4

Cheddar cheeSe No. of correct judgments P*

Batch 2 22 <0.05
Batch 3 20 <0.05
Batch 4 26 <0.05
Batch 5 18 <0.05
Batch 6 17 > 0.05
Batch 7 23 <0.05
Batch 2M 25 < 0.05
Batch 3M 20 < 0.05

'Batch codes used are as detailed in section S22dbiotic cheeses, Batches 2 to 8 were presentaithsig
control cheese Batch 1. Batches 2M and 3M wereepted against control cheese Batch 1M.

Probiotic cheeses are significantly different witbntrol cheese ifP < 0.05 (95% confidence level).
Significance of triangle tests was determined utiiregexpanded statistical tables of Roessler ¢19¥.8).
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Table 5.2.Mean overall acceptance of control and probiotiedttar cheeses after 9

months of ripening at°€ (n = 30)

Cheddar cheeSe Mean
overall acceptance

Control cheese 6.35+ 047
Batch 2 6.33+0.42
Batch 3 4.93 +0.48
Batch 4 3.59+0.38
Batch 5 5.03 + 0.38
Batch 6 5.60 + 0.4
Batch 7 5.10 + 0.38
Batch 2M 4.33 + 0.49
Batch 3M 5.40 + 0.29

! Batch codes used are as detailed in section 5.2.1.
3¢ Means in a column followed by the same letter rawe significantly different ® > 0.05). Results are
expressed as mean of scores + standard error ofsnéa dislike extremely, 10 = like extremely.
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Table 5.3.Scores obtained from judging specific attributesaftrol and probiotic Cheddar cheeses after 9 hsooift ripening at 4 (n = 30)

Cheddar cheesks ANOVA?

Sensory Control
attributes Batch 2 Batch 3 Batch 4 Batch 5 Batch 6 Batch 7 cldaM Batch 3M F P

cheese
Flavour
Cheddary 594+034 593+038 540+0.3% 513+042 557+038 540+048 540+044 572+048 557+0.32 0.57 0.82
Creamy 526+0.38 6.20+0.38° 573037 6.07+0.38 657032 6.00+03% 510+03%" 500+04% 553+03" 234 0.02
Sour-acidic  323+042® 370+048 493+048° 533+053 4.03+04% 4.03+04% 480+038 430+04% 387+04F 232 0.02
Vinegary 244+039 3.47+056° 367+05% 423+052 340+05% 363+0468° 420+058 500+04% 4.17+04% 3.06 0.00
Bitter 3.84+068 3.73+047 557+058 683+058 637+04% 427+05% 467+03% 483+05% 453+05%F 495 0.00
Texture
Hardness 552+049 427+04% 497+041 4.40+04%8 3.77+0.4% 5.80 + 0.46° 567+03™  5.27+05% 557+03¢°  4.20 0.00
Crumbliness 5.24+0.66 503+058 503+05% 443+058 447+056 530+05%3 557+044 6.33+053 597+062 111 0.35

! Batch codes used are as detailed in section 5.2.1.
2 One way analysis of variance of meadiMeans in a row followed by the same letter aresignificantly different P > 0.05). Results are expressed as mean of scarmdard
error of means. (1 = low intensity, 10 = high irdity).
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Table 5.4.Correlationbetween mean scores of sensory attributes andehea stores of cheeses acceptability

Correlation between mean scores of sensory atéshutP)”

Sensory
Attributes Acceptance Cheddary Creamy Sour-acidic Vinegary teBit Hardness
0.715
Cheddary 0.030
0.136 -0.069
Creamy 0.728 0.860
. -0.858 -0.547 -0.181
Sour-acidic 0.003 0.128 0.640
. -0.603 -0.504 -0.554 0.592
Vinegary 0.086 0.166 0.122 0.093
Bitter -0.809 -0.673 0.361 0.704 0.124
0.008 0.047 0.339 0.034 0.750
0.119 -0.089 -0.757 -0.221 0.360 -0.524
Hardness 0.761 0.820 0.018 0.568 0.341 0.148
. 0.046 0.189 -0.853 -0.010 0.605 -0.531 0.718
Crumbliness 0.907 0.626 0.003 0.980 0.084 0.141 0.029

ICorrelation between mean scores of sensory atisbuas expressed as r. There was significant etimelbetween sensory attribute®ig 0.05 (95% confidence level).
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Table 5.5.Influence of probiotic microorganisms on compositand proteolytic profiles of Cheddar cheeses &ft@onths of ripening at’@

Composition and proteolytic profiles

Cheddar
ch eese]S Moisture Salt Fat Protein pH Acetic acid WSN? TCA-SN° PTA-SN’ os— CN* p—CN
% % % % % % % % % %
%ﬁgtergle 3850+0.65 1.88+008 31.60+0.65 27.56+0.81 5.19+0.09 0.15+0.01 3578+1.02  16.83+0.50 4.49+042 27.07+33%1 12.86+0.65
Batch 2 40.10£0.7F 1.85+0.08 3290x+0.68 2655+0.95 515+0.18 0.30+0.08 49.21 £ 2.08 25.82+£0.98 9.24+050 31.55+198 17.12+2.63
Batch 3 40.85+1.1%5 191+0.08 31.15+0.99 2851+0.88 514+0.12 0.26+0.0% 49.40+1.8%  21.18+1.8% 712031 28.08+1.47 12.78+1.33
Batch 4 39.20+£0.88 1.72+004 3235+042 26.80+0.65 511+0.08 0.25x0.0% 5847228  2379+15% 7.91+055 6294+120 16.05+0.25
Batch 5 3875+098 1.71+008 32.70+0.89 26.85+0.74 512+0.14 0.25+0.0¥ 5593195  19.45+150 6.80+0.1%5 75.38+420 13.79+0.22
Batch 6 41.20+090 1.85+0.08 31.50+058 26.30+0.88 509+0.13 0.20+0.0% 52.98 £ 3.0¥ 2471+£1.8% 8.11+03% 4545:430 1523x1.18
Batch 7 39.70£1.20 1.95+007 30.75+£0.85 26.55+0.73 514014 0.18+0.0 53.05+3.1F  2098+1.4% 661+045 47.17+122 1224229
Batch2M  38.62+1.16 1.76+0.04 31.20+0.78 27.41+080 5.07+01% 0.23z0.0% 47.15+061 2266098 7.99+05% 6508+3.00 14.30+3.18
Batch3M 3885+0.88 1.85+0.08 31.96+0.8% 27.67+0.77 511+008 0.23x0.0% 4532+301 2217+0.9% 813+04¥F 5150+1.77 13.07+1.03

I Batch codes used are as detailed in section 5.2.1.

2 Results are expressed as mean + standard emueasfs; n = 3 sets of data analyzed in duplié&t&leans in column with like superscripts do notefiff® > 0.05).

® The concentration of soluble nitrogen is preseagegercentage over total nitrogen. WSN = watartdelnitrogen, TCA-SN = trichloroacetic acid sokibitrogen, PTA-
SN = phosphotungstic acid soluble nitrogen.

* Percentage hydrolysis of casein.
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Table 5.6.Correlation between results of chemical analystsraean scores of sensory attributes

Sensory Correlation between results of chemical analysésraran scores of sensory attribute®)t/
Attributes Moisture Salt Fat Protein pH Acetic WSN*  TCA-SN* PTA-SN - CN  B—-CN
acid

Flavour

Cheddary -0.391 -0.116 0.030  0.160 0.328 -0.138 -0.807 -0.335 -0.296 -0.414 -0.014
0.298 0.776 0.939  0.682 0.388 0.722  0.009  0.379 0.439 0.268 0.972

Creamy 0.111 -0.185 0.627  -0.475 0.247 0.446  0.425  0.142 -0.757 0.116 0.530
0.776 0.633 0.071  0.196 0.521 0.229 0.254  0.716 0.018 0.766 0.142

Sour-acidic -0.100 -0.389 0.120  0.335 -0.139 0.388 -0.515 0.121 0.218 -0.368 -0.003
0.798 0.301 0.759  0.378 0.721 0.302 0.156  0.756 0.574 0.342 0.995

Vinegary 0.086 0.055 -0.137  0.055 -0.830 0.271  0.376  0.579 0.618 0.369 0.124
0.825 0.888 0.724  0.888 0.006 0.481 0.318  0.102 0.076 0.328 0.750

Bitter -0.124 -0.469 0.295  0.044 0.241 0.240 0.755 -0.110 -0.033 0.627 -0.003
0.751 0.202 0.441  0.910 0.531 0.534 0.046  0.777 0.932 0.071 0.994

Texture

Hardness 0.340 0.533 -0.731  0.221 -0.453 -0.594 -0.329  0.035 -0.078 -0.291 -0.425
0.374 0.140 0.025  0.568 0.221 0.091 0.388  0.930 0.843 0.448 0.255

Crumbliness -0.060 0.155 -0.529  0.418 -0.611 -0.192 -0.385  0.128 0.201 -0.022 -0.293
0.878 0.690 0.143  0.263 0.081 0.621  0.306  0.742 0.605 0.955 0.444

Acceptance 0.119 0.355 -0.072  -0.094 0.189 -0.136  -0.564  -0.100 -0.128 -0.648 -0.012
0.761 0.348 0.854  0.809 0.627 0.728 0.114  0.798 0.742 0.059 0.976

1Correlation between mean scores of sensory attsband chemical analysis was expressed as r. Bh&mmificant correlation between sensory attéisugcores and results
of chemical analysis P < 0.05 (95% confidence level).
2WSN = water soluble nitrogen, TCA-SN = trichloretic acid soluble nitrogen, PTA-SN = phosphoturngatiid soluble nitrogen, CN = casein.
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6.0 Isolation and purification of angiotensin conve rting
enzyme-inhibitory peptides from probiotic Cheddar

cheeses”

6.1. Introduction

Milk protein is a rich source of biologically actipeptides such as antihypertensive,
antithrombotic, opioid, immunostimulating, antimobial, mineral carrying and cholesterol-
lowering peptides (Shah, 2000c). Most of theseigeptare hidden in the inactive state in
the original parent protein structure and may bHeased by proteolysis. Protease such as
plasmin in milk can hydrolyze milk proteins duricbeese ripening. Proteolytic enzymes
from bacterial cultures may be responsible fortheakdown of protein into peptides and
amino acids. Intracellular peptidases of lactiddeacteria may also contribute to further
degradation after cell lysis.

Angiotensin-l-converting enzyme (ACE; peptidyldipiee hydrolase, EC 3.4.15.1)
increases blood pressure by converting angiotdnsio- angiotensin-Il, a potent
vasoconstrictor and by degrading bradykinin, a ddatory peptide (Johnston, 1992). ACE
inhibition results in an antihypertensive effectianay also influence different regulatory
systems involved in modulating blood pressure, imendefense, and nervous system
activity (Meisel, 1998). The first reported compigg inhibitor of ACE is the naturally
occurring peptides in snake venom (Ondetti etl®l71). Many other ACE inhibitors have
been discovered from enzymatic hydrolysis of bowaseins (CNs), plant and other food
proteins (Okamoto et al., 1995).

Various studies have been reported on ACE-inhipifmptides found in fermented
milk products (Nakamura et al., 1995; Takano, 19&ypo et al., 2003). Nakamura et al.
(1995) reported that two peptides with amino aesidues of Val-Pro-Pro and lle-Pro-Pro,
isolated from sour milk fermented withactobacillus helveticus and Saccharomyces
cerevisiae, exhibited ACE inhibitory and antihypertensiveiaties. The concentrations of
the peptides required to inhibit 50% of angiotedstonverting enzyme activity (I£g)
were 9 and 5 pmolt, respectively. Several other ACE inhibitory pepidierived fron-

CN including (f 6-14), (f 47-52) and (f 73-82) halveen isolated from fermented milk with

"A version of this chapter has been published. @QngHenriksson, A., & Shah, N.P. (2007c). Angiotens
converting enzyme-inhibitory activity of Cheddareelses made with the addition of probidtactobacillus
casei sp.Lait, 87, 149-165.

117



Chapter 6.0

Lb. delbrueckii subsp. bulgaricus SS1 andLactococcus lactis subsp. cremoris FT4
(Gobbetti et al., 2000). Peptides derived fraggCN including (f 24-31) and (f 170-199)
and those fronf-CN such as (f 168-175), (f 183-190), (f 113-1277193-210), (f 70-97),

(f 191-210) and (f 16-91) blyb. helveticus CP790 proteinase have shown to exhibit ACE
inhibitory activities after oral administration gpontaneously hypertensive rats. Among
those peptides, (f 43-69) of tileCN showed the highest ACE inhibitory activity wiiBso

of 4 pmol L* (Yamamoto et al., 1994).

Ripened-type cheeses contain numerous peptidestigatate mainly from casein
released as a result of proteolysis during ripersame ACE-inhibitory peptides have been
isolated from several Italian Cheeses (Crescenzagdhzola, Mozzarella and Italico)
(Smacchi & Gobbetti, 1998) and other cheeses (CamdgmEdam, Gouda, Cheddar,
Roquefort, Emmentaler and Parmesan) (Okamoto et1805; Meisel et al., 1997;
Ryahanen et al., 2001). The appearance of theszcthie peptides is influenced by
proteolysis, but only to a certain degree. A%-CN derived antihypertensive peptide
isolated from Parmesan cheese at 6 month of rigecould not be found after 15 month
(Addeo et al., 1992). Similarly the antihypertemsactivity found in long-ripened Gouda
cheese was half as much as that found in its mediysd counterpart (Meisel et al., 1997).
Consistent with these findings, Gomez-Ruiz et 200@) who studied the ACE-inhibitory
peptides in Manchego cheese found the antihypeéveeastivity to decrease within the first
4 month, was maximum at 8 month of ripening andesed again at 12 month. Following
isolation from Gouda cheese, Saito et al. (2000alyaed the structure of the
antihypertensive peptides and concluded that loegest depressive effect on the systolic
blood pressure and the highest ACE-inhibitory cédpacas associated with peptides found
in 8 month old cheese. A fermented low-fat hardesleeproduced with probiotic lactic acid
bacteria was found to produce high amounts of Adithitory peptides derived from;-
CN during maturation (Ryahanen et al., 2001). Téatides emerged at the age of 3 month
and their level remained stable for 6 month.

Chapters 3.0 & 4.0 reports the used of probiotganrsms includind.b. casei 279 or
Lb. casei LAFTI®L26 as adjunct in the development of probiotic Gledcheeses. The
probiotic organisms were able to maintain a higrelef viability of > 7.0 logo cfu-g* at
the end of ripening period of 6 month at 4°C witimimal effect on the cheese composition.
Addition of the probiotic adjuncts also changed pheteolytic pattern and more peptides
were released into probiotic cheeses. The objedivhe present report was to study the
influence of probiotic adjuncts on the ACE-inhibitoactivity of the cheeses during

ripening and to isolate, purify and identify the Bdhhibitory peptides.
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6.2. Materials and Methods
6.2.1. Starter and probiotic organisms

Cheese starter culturé, lactis subsp.lactis and L. lactis subsp.cremoris and
probiotic organismsB. longum 1941, Lb. casei 279, Lb. acidophilus 4962, B. lactis
LAFTI®B94, Lb. paracasei LAFTI®L26 andLb. acidophilus LAFTI®L10 were obtained
from the culture collections mentioned in sectioB.B. The organisms were activated and

grown under the conditions described in sectionl3.2
6.2.2. Cheddar cheeses and preparation of water solubleaot (WSE)

Cheddar cheeses were made with 10 L pasteurizdédamd 1.5% (v/v) inoculum of
the mixed strain starter culturke. (actis subsplactis andL. lactis subsp.cremoris) using a
pair of custom made cheese vats. Three batchesheddar cheeses including a control
cheese with only starter lactococci (Batch 1M), amdbiotic cheeses made with starter
lactococci and mixture dfb. acidophilus 4962,Lb. casei 279 andB. longum 1941 (Batch
2M) or Lb. acidophilus LAFTI®L10, Lb. paracasei LAFTI®L26 andB. lactis LAFTI®B94
(Batch 3M) as described in Chapter 3.0 (section23.and seven batches of Cheddar
cheeses including a control cheese with starteéodacci only (Batch 1) and six probiotic
cheeses with starter lactococci and probiotic atpi(Batches 1-7) as described in Chapter
4.0 (Table 4.1) were analyzed for the ACE-inhibytactivity.

The cheeses were manufactured in triplicates acgptd the standard procedures
of Kosikowski (1977) as described in sections 3d&h@ 4.2.2 and ripened for 9 months at
4°C. Cheese samples were collected at wk 1, 6, 13n2436. To obtain the WSE, the
cheese (10 g) was homogenized in 10 mL of watdr aiit ultraturrax homogenizer (Jonke
& Kunkel K.G., Staufen i. Breisgau, Germany) at0lD x g for 2 min. The slurry was
centrifuged (Sorvall, Newtown, CT, USA) for 20 min 4000 xg and 4C. The soluble
fraction located between the upper layer (fat) #mel precipitate (casein) was filtered
through Whatman No. 41 filter paper. The extractsenfurther centrifuged at 4000gpfor
20 min at 4°C and filtered through glass wool téaobthe clear supernatant (WSE). The
extracts were then concentrated by freeze dryingm@ac FD300; Airvac Engineering Pty.
Ltd., Rowville, Australia) at 20°C and —100 kPa #& hour. The freeze-dried WSE was
then stored in vacuum at 20°C for analysis witherse phase — high performance liquid

chromatography (RP-HPLC) and for determination GEAinhibitory activity.
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6.2.3. Reverse-phase HPLC of cheese WSE

An aliquot of freeze-dried WSE of 40 mg was dissdlin 1 mL of solvent A (10%
of acetonitrile; Merck, South Granville, NSW, Awdta) containing 0.05% trifluoroacetic
acid (TFA) solution (Sigma-Aldrich, St. Louis, MQISA), centrifuged (14,000 g, 10
min) using a bench top centrifuge (Sorvall RT7, emn, CT, USA) and filtered through a
0.45 um filter (Millipore Corp., Bedford, MA, USA)RP-HPLC was performed using
Varian HPLC (Mulgrave, Vic, Australia) consisted af Varian 9012 solvent delivery
system, a Varian 9100 auto-sampler, a Varian 9@Blable wavelength ultraviolet-visible
tunable absorbance detector and a 730 data modlidample size of 50 uL was injected
into the reverse-phase column (C18, 250 mm x 4.6 fhpm, Grace Vdac, Hesperia, CA,
USA) with a guard column and disposable cartridb@ fim, 12 um, Grace Vydac). The
separation was conducted at room temperatur€G)2# a flow rate of 0.75 mL mih The
eluent B was 60% acetonitrile containing 0.05% TBRAinear gradient was applied from 0
to 80% eluent B over 100 min. The detection dewes the ultraviolet-visible detector set
at 215 nm.

6.2.4. ACE-inhibitory activity of cheese WSE

The ACE-inhibitory activity of the freeze-dried WSkEas measured using the
spectrophotometric assay of Cushman and Cheungl)1#¥ modified by Donkor et al.
(2005). The method is based on the liberation ppiic acid from hippuryl-histidyl-
leucine (HHL, Sigma) catalysed by ACE. Each assayture contained 200 puL HHL
solution (3.8 mmot HHL, 100 mmol ! sodium borate buffer, 300 mmol*INaCl, pH
8.3), 2 mU ACE (from rabbit lung; Sigma) and 35 gdmple solution (15 mg freeze-dried
WSE in 1 mL of distilled water). After 30 min ofdabation at 37°C, the hippuric acid was
extracted with 1.7 mL ethyl acetate. The mixtureswantrifuged and 1.5 mL of the organic
phase (ethyl acetate) was transferred to a fresghtube and evaporated to dryness on a
water bath for 15 min at 100°C. The residue coirigihippuric acid was dissolved in 1 mL
deionised water and the solution was measured @ang IE UV visible spectrophotometer
(Varian) at 228 nm against deionised water as akbl&he percent inhibition was
calculated as follows: ACE-inhibition (%) = [1- (8)/(B-D)] x 100, where A is the
absorbance with ACE, HHL and ACE-inhibitory sampseas the absorbance with ACE and
HHL without ACE-inhibitory sample, C is the absomnica with HHL and ACE-inhibitory
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sample without ACE and D is the absorbance with H¥ithout ACE and ACE-inhibitory

sample. The inhibition was also expressed ag (fhe concentration of an ACE inhibitor

needed to inhibit 50% of ACE activity). All inhilodin values reported are the means of two
determinations of three replicates (n = 6).

6.2.5. Protein assays

The protein content in the cheese WSE and in thiégulifractions was determined
by the Folin-Lowry method (Lowry et al., 1951). Amsple (100 pL) was mixed with an
alkaline-copper reagent (3 mL) and folin phenolgesd (0.3 mL; two-fold dilution with
distilled water of folin-phenol; Sigma). After tls®lution was allowed to stand for 30 min,
the absorbance was measured at 650 nm using a &tiarnbKP Novaspek I
Spectrophotometer (Pharmacia Biotech, Uppsala, 8&medll determinations were carried
out in duplicate.

6.2.6. Isolation of ACE—inhibitory peptides

For peptide separation, the WSE from 24 wk old shegas used. A sample size of
100 pL (80 mg freeze-dried WSE in 1 mL of solventwas injected into a reverse-phase
column and forty fractions from each batch of clsewere collected using a fraction
collector (Pro Star 704; Varian) on a 2-min coliecttime basis. This step was repeated 10
times and the 40 fractions from the various chraemaphic runs were pooled and
concentrated using a vacuum evaporator (SpeedVatl®Cconcentrator, Savant
Instruments Inc., Farmingdale, NY, USA) to a fimalume of ~1 mL and filtered through a
low protein binding 0.2 pum filters (Millipore CorpBedford, MA, US). An aliquot of the
concentrated fractions (50 pL) was used to deterntite ACE-inhibitory activity. The
fractions with the highest ACE-inhibitory activityere subjected to further separation and
purification by RP-HPLC. The chromatographic coiutis used were as described in

section 6.2.3.

6.2.7. Identification of peptides

Purified peptides were sequenced by an automatedaiddegradation method
using a protein sequencer (490 Procise, Perkin El@e Ltd., Applied Biosystem
Division, Foster City, CA, USA) with a PTH-C18 cahn (2.1 x 220 mm; Perkin Elmer Co.
Ltd.). Chemicals used in the 140C microgradieniveey system included two types of
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solvent (Perkin Elmer Co. Ltd.): A3 (3.5% vol/vohuweous tetrahydrofuran) and B

(acetonitrile and isopropanol).

The molecular mass of purified peptides was andlysg matrix-assisted laser
desorption/ionization time-of-flight mass spectrarpe (MALDI-TOF-MS) (Bruker
Daltonics Inc., Billerica, MA, USA). The matrix udefor the analysis was-cyano-4-
hydroxycinnamix acid (Aldrich Chemical Co., Milwae, WI, USA). A saturated solution
of matrix was prepared in acetonitrile/water (1cbntaining 0.25% (vol/vol) TFA. The
crystal matrix-analyte was ionized by a 337 nmagién laser pulse and accelerated under
25000 V before passing through the time-of-fligldss spectrophotometer. The instrument
was set in the positive linear mode.

Peptide sequences were also obtained by using caklynassisted fragmentation
(CAF) in conjunction with MALDI-TOF-MS. Ettal! CAF MALDI sequencing kit
(Amersham Biosciences, Uppsala, Sweden) was usedetivatize purified peptides.
Peptides were bound to a prepacked reversed-phE&en@trix in pipette tips (ZipTip™
pipette tips, Millipore Corp.). Acquisition of spes in reflectron and post source decay
(PSD) modes was performed using an Ettan MALDI-T@&- For each analysis, the
selected mass of the peptide from the reflectraectspm was subjected to PSD mode.
Mass differences between the fragment ions wereulzded to determine the peptide

sequence.

6.2.8. Statistical analysis

Data analysis was carried out with Minitab statatipackage (Minitab Inc., State
College, PA, USA). One-way analysis of variance wsead to find out differences between
means of ACE-inhibition, 165 and total area of peaks with a significant lexel & 0.05.

6.3. Results

6.3.1. ACE-inhibitory activity of cheese WSE

The ACE-inhibitory activity of WSE of cheese sangple shown in Figure 6.1.
ACE-inhibitory activity of the cheeses increaseghdicantly (P < 0.05) especially during
the first 12 wk of ripening. The inhibitory actiyitontinued to increase in all cheeses for
24 wk and stabilized after that period. The ACEHaition in cheeses witl.b. casel 279
(Batch 4) orLb. casei LAFTI®L26 (Batch 5) at 24 wk were higher than that of ¢betrol
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cheeses (Batch 1). The differences were, howewgrstatistically significantf > 0.05).
The 1G5, (concentration of ACE-inhibitory peptides neededinthibit 50% of ACE activity)
of the cheeses during ripening atC4for 36 wk is shown in Figure 6.2. The siC

(concentration of ACE-inhibitory peptides neededntuibit 50% of ACE activity) was the
lowest after 24 wk of ripening in the probiotic elses (Batches 2-7, 2M & 3M; 0.20 - 0.29
mg mL?Y) compared to 36 wk for cheeses without any prabi@atches 1 & 1M; 0.28 —
0.31 mg mLY). The 1G, of the probiotic cheeses at 24 wk of ripening \wamificantly
lower (P < 0.05) than that of the control cheese. Thg Enong the cheeses at 36 wk of
ripening was, however, not significantly differ¢Rt< 0.05). The result shows that cheeses
with the addition of probiotic had higher ACE-inhdry activity during the first 24 wk of
ripening at 4C. There was no significant difference ¥ 0.05) between the percentage
inhibition or the IG of the cheeses between the ripening period of Réamd 36 wk. The
isolation of ACE-inhibitory peptides from the chesswas thus performed on 24 wk old
cheeses.

Previously we have reported that cheese with tlitiad of Lb. casei 279 orLb.
casel LAFTI®L26 had increased proteolysis with higher concéiomaof water-soluble
nitrogen (WSN), trichloroacetic acid-soluble nitemg(TCA-SN) and phosphotungstic acid-
soluble nitrogen (PTA-SN) as compared to the comrather probiotic cheeses (Chapter
3.0, section 3.3.5 & Chapter 4.0, section 4.3.6e ACE-inhibitory activity of cheeses with
Lb. casal sp. (Batches 4 & 5) as compared to the controlsdhéBatch 1) was thus further
investigated.

6.3.2. Reverse-phase HPLC of cheese WSE

The RP-HPLC peptide profiles of control Cheddaeeases (Batch 1) and probiotic
Cheddar cheeses witlb. casei 279 (Batch 4) ot.b. casei LAFTI®L26 (Batch 5) at wk 1,
12, 24 and 36 are shown in Figure 6.3. More peptwdere released into the cheeses as the
ripening period increased. The number of peakstatad area increased significantly €
0.05) during the first 12 wk, continued to increasewly but insignificantly P > 0.05)
until 24 wk and remained constant after that penodll cheeses (Table 6.1). The results
show that the rate of proteolysis in the cheeses mware extensive at the early stage of
ripening. Although cheeses withb. casei sp. had higher level of proteolysis than the
control cheese, the peptide profiles of the thiferédnt batches of cheeses, however, were
very similar (Figure 6.1). There are no significdifterences P > 0.05) in total area or the

number of peaks between the cheeses (Table 6.1).
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6.3.3. Isolation of ACE-inhibitory peptides

Forty fractions from each batch of the cheesesc{izet 1, 4 & 5) were collected by
RP-HPLC connected to a fraction collector on a B-mollection time basis. The ACE-
inhibitory activities of the 40 fractions collectébm control cheese (Batch 1), probiotic
cheese with.b. casei 279 (Batch 4) and probiotic cheese with casei LAFTI®L26 (Batch
5) are shown in Figures 6.4. Several fractionsribisted throughout the acetonitrile
gradient consistently showed high ACE-inhibitioréx especially in the control cheese.
The ACE-inhibition and g, of fraction 9 were 87% (I&, 0.20 mgmL™), 60% (IGyo, 0.18
mg-mL™) and 64% (IG, 0.25 mgmL™Y) in Batches 1, 4 and 5, respectively. Fraction 15
consistently showed a high ACE-inhibition and lo@sd value, especially in probiotic
cheeses. The ACE-inhibition andsk®f fraction 15 were 42% (K, 0.16 mgmL™), 79%
(ICs0, 0.12 mgmL™) and 69% (IGo, 0.14 mgmL™) in Batches 1, 4 and 5, respectively.
Fraction 27 showed a consistently high ACE-inhdritiand low 1G, value in all three
batches of cheeses. The ACE-inhibitions ang I&f fraction 27 were 54% (K, 0.12
mg-mL™), 61% (IGo,0.09 mgmL™) and 63% (IG, 0.11 mgmL™) in Batches 1, 4 and 5,
respectively. Fraction 28 was collected from a brgtoncentration of acetonitrile gradient.
The ACE-inhibition and 1§ of fraction 28 were 57% (K5, 0.14 mgmL™), 50% (1G,0.17
mg-mL™) and 46% (IGo, 0.14 mgmL™) for Batches 1, 4 and 5, respectively.

Fractions 9, 15, 27 and 28 obtained from the tliiferent batches of the cheeses
were re-injected into RP-HPLC and the profiles loé fractions were found to be very
similar. Only fractions obtained fromb. casei LAFTI®L26 (Batch 5) were subsequently
purified by further RP-HPLC with different gradiemt isocratic run to obtain pure peptides
for identification purpose.

6.3.4. Identification of peptides

N-terminal sequencing of the peptides was obtabedsing an automated Edman
degradation technique on a protein sequencer amanthlecular weights of the peptides
were determined by MALDI-TOF-MS. The details of tinactions are shown in Table 6.2.
Most of the fractions collected contained a mixtofeseveral peptides. The first five
residues of fraction 9 obtained from the N-termiseduencing were Arg-Pro-Lys-His-Pro.
Following sequence interpretation and moleculargheidetermination, the peptides in
fraction 9 were identified ass;-CN (f 1-9), asi-CN (f 1-7) andos-CN (f 1-6) (Table 6.2).
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The first five residues obtained from the N-ternhseguencing of fraction 15 were Asp and
Glu in the first, Lys and Val in the second, lletire third, His and Glu in the fourth, and

Pro in the fifth residue. The mass spectra of foact5 only corresponded to sequence Asp-
Lys-lle-His-Pro-Phe with molecular molecular weightt 755.4 gmol™. Thus only one
peptide derived fron-CN (f 47-52) was identified from fraction 15 (Tabb.2). The first
five residues of fraction 27 obtained from the N¥imal sequencing were Phe and Lys, Val
and Lys, Ala and Tyr, Pro and Lys, Phe and Vahi first, second, third, fourth and fifth
residues, respectively. The sequence interpretatiah the mass spectrums (1053.3 and
1132.4 gmol ™) showed that fraction 27 had peptides derived fagaCN (f 102-110) and
asi-CN (f 24-32) (Table 6.1). Sequences and moleoukdght of fraction 28 corresponded
to peptide derived fromB-CN (f 193-209). Sample of chromatograms obtainednd the
N-terminal sequencing using Edman degradation noegine@ shown in Appendix B.

The identification method was also confirmed by ngsichemically assisted
fragmentation (CAF) chemistry followed by MALDI-TO®S determination (Figure 6.5).
Purified peaks were derivatized using the EffaCAF-MALDI sequencing kit. CAF-
MALDI chemistry is based on the introduction of agatively charged group to the N-
terminus of peptides generated by tryptic digestianly y-ions, which retain a net positive
charge, are separated and detected while N-ternfragiments are neutral and not
detectable. With the generation of only y-ion sefragments, the mass between two peaks
on the spectrum could be corresponded to the nfassligidual amino acids. The first 9
residues obtained by using CAF-MALDI of fraction @8re identified as Tyr-GIn-Glu-Pro-
Val-Leu-Gly-Pro-Val (Figure 6.5). Thus the peptidas confirmed aB-CN (f 193-209).

6.3.5. Formation of peptides during ripening

After 24 wk of ripening, control cheese had morgh# fraction 9 as compared to
the probiotic cheeses. Figure 6.6 shows that tta¢ aoea of fraction 9 was higher in control
cheese (Batch 1) after 24 wk, which possibly exy@dithe high ACE-inhibitory index in
fraction 9 of control cheese (Figure 6.4). Theltataa of fraction 9 reduced after 24 wk in
all cheeses (Figure 6.6). Further ripening, pogsd#graded these peptides to smaller
peptides which may have changed their bioactivitye peak area of fraction 27 increased
significantly P < 0.05) as the ripening time increased to 24 wéllitheeses (Batches 1, 4
& 5) and decreased significantli? € 0.05) in cheese withb. casel 279 (Batch 4) and
remained relatively constant in cheese With casei LAFTI®L26 (Batch 5) after 24 wk of

ripening (Figure 6.6). Total area of fraction 27control cheese continued to increase even
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after 24 wk of ripening (Figure 6.6). The peak avé&action 28 increased during ripening

especially during the first 3 month in Batches lard 5, but decreased after further

ripening (Figure 6.6).

6.4. Discussion

It has been reported that proteinases of lactid bacteria can hydrolyze more than
40% of the peptide bonds @fCN resulting in the formation of more than 100fetiént
oligopeptides, which are in turn actively degradgdthe complex peptidase system. The
same pattern is reported fag-CN. Consequently lactic acid bacteria could poadigt
generate a large variety of peptides including ¢tiva peptides (Kunji et al., 1996). Rokka
et al. (1997) have reported the release of a yaonétbioactive peptides by enzymatic
proteolysis of UHT milk fermented with probiotid. casel ssp.rhamnosus strain. The type
of dairy product, the technology adapted, and giection of strain based on the specificity
of proteolysis are factors that influence the pobtic activation of bioactive peptides.
ACE-inhibitory peptides have been found in sevayapkes of cheeses, which differ with
respect to the type of starter and the ripeningditmm used (Gouldsworthty et al., 1996;
Haileselassie et al., 1998; Saito, 2000; Ryaha?@dl).

In our study, probiotic organism was added as ganatl in Cheddar cheeses
production and the ACE-inhibitory activity was mumed during a ripening period of 36
wk at 4°C. The rate of increase of the ACE-inhilyitactivity during ripening was very
similar to the rate of proteolysis of the cheesgsorted previously (Chapter 4.0, section
4.2.6). Proteolysis was reported to be more extenisi probiotic cheeses after ripening for
24 wk at 4°C. The I of the probiotic cheeses at 24 wk of ripening wsigsificantly lower
(P < 0.05) than the control cheese (Batch 1). The déta show that ACE-inhibitory
activity was higher in cheeses received a highgrageof proteolysis. The gamong the
cheeses at 36 wk of ripening was, however, notifgigntly different ¢ < 0.05). ACE-
inhibition is thus dependent on the extent of ply&s but only to a certain extent. Our
results support the previous findings of Addeo let(092), Gomez-Ruiz et al. (2002),
Ryahanen et al. (2001), and Saito et al. (2000).

ACE is predominantly an ectoenzyme with two catalgites, one on each lobe of
the extracellular portion. Structure activity cdateons among different peptides inhibitors
of ACE indicate that binding to ACE is strongly lunced by the C-terminal tri-peptide
sequence of the substrate (Maruyama et al., 1982k appears to prefer substrates or

inhibitors that contain mainly hydrophobic (aroncabrr branched side chains) amino acid
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residues at the three C-terminal positions. Theactire-activity relationship of ACE-

inhibitory peptides has not yet been establishedl different antihypertensive sequences
have been derived from a large number of food prstd.ikewise, most of the potential
ACE-inhibitory peptides identified in this studyJsadifferent structure and sequences.

In cheeses, bovine;-CN can be rapidly hydrolyzed by chymosin at Bithé* to
yield as;-CN (f 1-23) andos-CN (f 24-199) (Minkiewicz et al., 2000¥s;-CN (f 1-23) is
hydrolyzed rapidly in cheese by lactococcal celVedope proteinases to several small
peptides resulting in the formation and accumutatb peptidesis-CN (f 1-9) andaus;-CN
(f 1-13) in Cheddar during ripening (Singh et 4B97). In the present study, three peptides
from the same N-terminal region a@f;-CN (f 1-23) were isolated, which corresponded to
as;-CN (f 1-9) (f 1-7) andosi-CN (f 1-6) (Table 6.2). The Kg of the peptides was not
determined. These peptides were previously isolited a fermented low-fat hard cheese
produced with probiotic bacteria and have shownhé&we ACE-inhibitory properties
(Ryahanen et al., 2001). PeptidgCN (f 1-9) isolated from Gouda cheese gave vewy lo
ICso value of 13.4 umeL™ and antihypertensive effect of -9.3 + 4.8 mm Hg on
spontaneously hypertensive rats (SHR) (Saito e280D0). The peptide derived from;-

CN (f 1-6) had been isolated from sheep sodiumicate hydrolysate and was shown to
have ACE-inhibitory activity with an 1§ of 30.1 pgmL™ (Minkiewicz et al., 2000),
probably due to the presence of hydrophobic Prordigidues at the C-terminal end.
Synthesized peptide;;-CN (f 1-6) treated with trypsin and chymotrypsiasialso resistant
to hydrolysis (Minkiewicz et al., 2000).

The hexapeptide Asp-Lys-lle-His-Pro-Phe that oat@s fromp-CN (f 47-52) was
also isolated in our study (Table 6.2). It is ie#mg to note that this peptide had the first
N-terminal amino acid and the last four C-termimahino acids in common with the
octapeptide angiotensin-ll generated by ACE hydislyf the decapeptide angiotensin-I.
Commercial drugs used in antihypertension therapybased on compounds which may
compete for the receptor sites of the vasoconetriahgiotensin-ll due to their partial
homology with the product of ACE activity (angiogem-Il). Angiotensin-Il receptor
antagonists (such as losartan) competitively blaokgiotensin—II-induced vascular
contraction (Jagadesh, 1998). A similar peptide feasd in milk fermented by. lactis
subsp.cremoris FT4 (Gobbetti et al., 2000). In that study, thepfde was chemically
synthesized and the ACE-inhibitory activity was fioned (IGso = 193.9 mgL™). The
chemically synthesized peptide was also resistahydrolysis by trypsin and chymotrypsin
(Gobbetti et al., 2000). Biochemical properties arldavage site of proteinases and

peptidases df. lactis strain have been studied in detail (Juillard et1#895). The cleavage
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sites of the peptide bonds residue 46-47 and 58t38CN are hydrolyzed by all of the

lactococal proteinases studied. The ACE inhibitorgex of fraction 15 was higher in
probiotic cheeses (Figure 6.4). The proteolyticyemzs from the probiotic adjuncts could
possibly hydrolyze residue 46-47 and 52-53-@N resulting in the liberation of more of
this peptide in probiotic cheeses.

The fraction 27 contained a mixture of two peptidesived fromas;-CN (f 102-
110) andos-CN (f 24-32) (Table 6.2). The peptide Lys-Lys-Tyys-Val-Pro-GIn-Leu-Glu
derived fromas;-CN (f 102-110) had within its sequence the hexageplyr-Lys-Val-Pro-
GIn-Leu of as;-CN (f 104-109), which has been proven to haveiirevVACE-inhibitory
activity (ICso = 22 pmolL™) (Maeno et al., 1996). This peptide, however, miid show a
major antihypertensive effect after oral administra to spontaneously hypertensive rats
(Maeno et al., 1996). A similar peptide derivednfras;-CN (f 101-107) of ovine cheese
was isolated from Manchego cheese and had a pa@&tinhibitory activity with an 1Gy
of 77.1 umolL™ (Gomez-Ruiz et al., 2002). This peptide has a tigmology with the
peptidens;-CN (f 102-110) found in our study. The synthesipegtide of fragmenis;-CN
(f 101-107) was, however, not resistant to hydrislyath a pancreatic extract and the ACE-
inhibitory activity decreased after digestion (Ganftuiz et al., 2004).

The peptide corresponding ¢é:-CN (f 24-32) probably originated froma:-CN (f
24-199) via hydrolysis by chymosin (cleavage sRég>-Phé* and Ph#&-Gly*). Peptides
from within this sequence-CN (f 24-27), (f 25-27), (f 27-30) have been proed from
bovine casein of enzymatic hydrolysis and have shbradykinin-potentiating activity on
the uteri and ilea of rats (Maruyama et al., 198%Gerald & Meisel, 2000). The kgof
some of the above peptides varied largely from:2 1600 pmolL™.

According to Fox et al. (1993), about 3-6% of toagulant (chymosin) added to
cheese milk is retained in the curd. After cheesegssing, peptide correspondingote
CN (f 24-32) was possibly released as the actiothefremaining coagulant to a certain
extent. However, the decrease in the area of thk perresponding tas;-CN (f 24-32) in
probiotic cheeses (Batches 4 and 5) indicatedttisipeptide was hydrolyzed, possibly by
the proteolytic enzyme produced by the probiotiuact. Carboxypeptidase activity in
lactobacilli (Atlan et al., 1993) and in nonstartactic acid bacteria (NSLAB) in Feta
cheese (Michaelidou et al., 1998) has been reptothgdrolyzens;-CN (f 24-32) toas;-CN
(f 24-30) and smaller fragments, which further supgd the possibility that the proteolytic
enzymes from the adjunct probiotic were responsibtethe decrease in total area of
fraction 27. Peptides derived frofaCN (f 193-209) was isolated from the fractionstetl

with a higher concentration of acetonitrile gradiéhable 6.1). Let?®Tyr'** and Led**
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were known chymosin cleavage sites in solutiontéikate et al., 1997). Cell-wall-

Tyr193

associated proteinases also appear to cleav®4Byr'®® in solution (Fox et al., 1994).
Both peptides were thus most probably the prodéidtydrolysis by chymosin and cell-
wall-associated proteinases from starter lactocaod/ or from probiotic adjunct. Peptides
derived fromf3-CN (f 193-209) has previously been isolated fromsein by extracellular
proteinase froni.b. helveticus CP790 and have shown to have ACE-inhibitory afstiwiith
ICso of 101 pugmL™ (Yamamoto et al., 1994). Other studies also rewothe various
bioactivities of these peptides such as immunonaithg properties (Coste et al., 1992)
and antimicrobial activity (Sandre et al., 20018p#dep-CN (f 193-209) andis;-CN (f 1-

9) have been reported to cause bitterness in ch@rsadbent et al., 2002). Sensory
evaluation of Cheddar cheeses made Wibh casel 279 showed bitterness as the major
defect (Chapter 5.0, section 5.3).

6.5. Conclusion

Addition of probiotic organisms has potential tocrease the ACE-inhibitory
activity of the cheeses during ripening. This maggest that the proteolytic enzyme of the
probiotic organisms could possibly play a role ntreasing the production of ACE-
inhibitory peptides in Cheddar cheeses. Some opépides isolated were not resistant to
further proteolysis and bioactivity may have beemhamced only after subsequent
proteolysis. These peptides may become potentiadtsates for the production of other
ACE-inhibitory peptides by the proteolytic enzynfelte probiotic organism. Further study
on the individual ACE-inhibitory peptides isolated this study is needed to better
understand the correlation between the proteolgheyme produced by the probiotic
organisms on the generation of these peptides @adt ACE-inhibitory peptides generated

by subsequent proteolysis of these peptides.
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Figure 6.1. ACE-inhibitory activity of water-soluble extract (8¥) of control and probiotic Cheddar cheeses at w2, 24 and 36. Results were expressed
as mean = SE (n = 6). Batch codes are as detaileection 6.2.2.
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Figure 6.2. The ACE-inhibitory activity presented assh®f water-soluble extract (WSE) of control and potic Cheddar cheeses at wk 1, 12, 24 and 36.
ICso is concentration of ACE inhibitor needed to inhiB0% of ACE activity. Results were expressed aarme SE (n = 6). Batch codes are as detailed in

section 6.2.2.
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Figure 6.3.Peptide profiles of water-soluble extract (WSEJa)fcontrol Cheddar cheese (Batch 1), (b) probidtieddar cheeses witl. casei 279 (Batch

4) and (c) probiotic Cheddar cheese with casei LAFTI®L26 (Batch 5) at wk 1, 12, 24 and 36. Eluent A W8%6 acetonitrile containing 0.05% TFA
solution. Eluent B was 60% acetonitrile containin@5% TFA. Gradient: 0 to 100 min, 0 to 80% elu&ni00 to 105 min, 80 to 100% eluent B; 105 to 110
min, 100 to 0% eluent B. Detection was at 215 nm.
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Table 6.1.Total area and number of peaks of peptide psobletained from water-soluble
extract of control cheese (Batch 1) and probiothedar cheeses produced wlithh casei

279 (Batch 4) otb. casei LAFTI®L26 (Batch 5) adjunct

Ripening period Batch 1 Batch 4 Batch 5
(wk)

No. of peaks

1 27 + 34 33+ 24 29 + 64

12 58 + 48 57 + 38 64 + 3°

24 66 + 55¢ 66 + 45¢ 71 + £5¢

36 68 + 3¢ 67 + 4° 72 +3°
Total area’ (x 10°)

1 0.819 + 0.0%" 0.923 + 0.08" 0.885 + 0.08"
12 1.95 + 0.08 2.03+0.07° 2.04 +0.09°
24 2.51 + 0.0 2.39+0.1% 2.52 +0.11¢
36 2.43 £ 0.1%° 2.58 + 0.08° 2.45 +0.18°

! Results were expressed as mean = SE (n = 6).
3 Means in rows with like superscripts do not differ> 0.05).
ABC Means in column with like superscripts do not diffe > 0.05).
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Figure 6.4.(a) The ACE-inhibitory activity (%) of 40 fractiore®llected from water-soluble extract
(WSE) of control Cheddar cheese (Batch 1), probiGtieddar cheeses with. casei 279 (Batch 4)

or Lb. casei LAFTI®L26 (Batch 5). IGyis concentration of ACE inhibitor needed to inhi@% of
ACE activity. Results were expressed as mean tnSER). Fractions without results mean that no
inhibitory activity was obtained. (b) RP-HPLC pte8 of fractions with the highest ACE-inhibitory
activity. Fractions 9, 15, 27 and 28 were furthalfected and re-injected into RP-HPLC for further
purification (RP-HPLC condition as described intget6.2.3 & section 6.2.6).

134



Chapter 6.0

151 § 3 1,400
mAU 3 g 1,300 - Ix
1,200 - :j
1,100 b 2]
h 1,000 - 3
.. 900- &
b % 800- :
54 9 o 700
E 600 A
500 A
400 |
Ufw \ L\ 300
200 4
100
-5 ; dy — ; - ; ;
. , — 1,000 2,000 3,000 4,000 5,000 6,000
2% 50 75 Minutes miz
a b
) 1461.689 )
13001 . 1 ! : ] j ! ,. -
d | ; VP C. L . VP | E Q - mz Amino
:;ﬁg ' ‘ : : : ! f : : High mass Low mass Difference | acid
‘200 : Parent mass (1882.766) | — _
' : . { , ' 1882.766 1719.430 |163.336 Y
= a0 % ; o .
€ 70- 5 ; L o L 1710430 1500731 128698 Q
T 60 - A 25 007 e 170,042
200 ~ T ~ g E .?-E 1590.731 | 1461.680 |129.042 E
4 T ik 8 g8 2 T g 1461680 1265733 195034 | PV
300 & B = 3|7 4 ' 2 i
200 E e § '1' : J o 'I' H| 1265735 1152941 [112.794 L
: 2 ’ : | !
" l I b A Lo Al L L I 1152941 1096117 56824 G
600 800 1,000 1,200 1,400 1,600 1,800 2,000 2,200
; ' , ' ' : ‘ 1096.117 899910  196.208 PV
C) mz

Figure 6.5.(a) RP-HPLC profiles of fractions 28 of Cheddaeeses produced with the addition of probiafic casel LAFTI® L26 (condition as described
in section 6.2.3) (b) Molecular weight of purifigegptide from fraction 28 obtained with MALDI-TOF®/(condition as described in section 6.2.7) (c)
Chemically assisted fragmentation (CAF) of purifigptide from fraction 28. The first nine aminadacof the N-terminal was identified as YQEPVLGPV
(CAF condition as described in section 6.2.7). ¢&wihg sequence interpretation and molecular weilgiérmination, the peptide was identified3a€N (f

193-209).
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Table 6.2.Identified peptides in the fractions obtained fraater-soluble extract of Cheddar cheese produdtdlly. casei LAFTI®L26

Fraction Sequences

Origin

Experimental

Theoretical

molecular mass molecular mass

(g- mol™) (g- mol™)
9 Arg-Pro-Lys-His-Pro-lle-Lys-His-GIn (RPKHPIKHQ) asi-CN (f 1-9) 1140.7 1140.4
Arg-Pro-Lys-His-Pro-lle-Lys (RPKHPIK) asi-CN (f 1-7) 877.0 875.1
9 Arg-Pro-Lys-His-Pro-lle (RPKHPI) as1-CN (f 1-6) 745.4 746.9
15 Asp-Lys-lle-His-Pro-Phe (DKIHPF) B-CN (f 47-52) 755.4 755.5
27 Phe-Val-Ala-Pro-Phe-Pro-Glu-Val-Phe (FVAPFPEVF) as1-CN (f 24-32) 1053.3 1052.2
27 Lys-Lys-Tyr-Lys-Val-Pro-GIn-Leu-Glu (KKYKVPQLE) as-CN (f 102-110) 1132.4 1134.4
Tyr-GIn-Glu-Pro-Val-Leu-Gly-Pro-Val-Arg-Gly-Pro-Phero-
28 B-CN (f 193-209) 1881.1 1881.3

lle-lle-Val (YQEPVLGPVRGPFPIIV)
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Figure 6.6.Total area of ACE-inhibitory fractions obtainedrravater soluble extract of control Cheddar cheBs¢ch 1) and probiotic cheeses made With
casel 279 (Batch 4) okb. casei LAFTI®L26 (Batch 5) during ripening at 4°C for 3. Total area is the area of the peak (ACE-inbilyitfractions highlighted
in Figure 6.3) obtained from HPLC-RP. Results wextpressed as total area * standard error (n = 6).

137



Chapter 7.0

7.0 Influence of ripening temperatures on proteolyt IC
pattern, sensory evaluation and angiotensin
converting enzyme- inhibitory activity of probiotic

Cheddar cheeses

7.1. Introduction

A higher ripening temperature has been reporteattelerate cheese ripening, thus
promoting faster flavour development, reducing agertime, and providing savings to the
producer (Law, 2001). An elevated ripening tempemthowever, may accelerate the loss
of starter bacteria prior to complete lactose zdtion, which may lead to off-flavours (Law,
2001).

Production of organic acid may occur in cheeses @&sult of bacterial metabolism
and breakdown of milk proteins, fat, lactose andaté during manufacture and storage.
They play an important role in the flavour devel@mhof cheeses. The organic acid content
also reflects the type of fermentation and indisaleviations of the expected course of
maturation that may lead to defects (Careri et ¥896; DeLiano et al., 1996). Several
studies correlated the age of cheeses with thé ¢éwerganic acid (Bevilacqua & Califano,
1992; Careri et al., 1996; Lues & Bekker, 2002). iAcrease in ripening temperature was
reported to increase the metabolic rates of chedseoflora including non-starter lactic
acid bacteria (NSLAB) during ripening (Lues & Bekk2002). Fermentation of lactose by
NSLAB produces some organic acid by-products sediomanic acid and acetic acid (Fox et

al., 1993). Excess of these compounds impairs ltheur balance of Cheddar cheeses.

"Versions of this chapter have been submittednternational Dairy Journal and LWT Food Science and
Technology.

Ong, L., Henriksson, A., & Shah, N.P. (2007d). Rotb Cheddar cheese Part I. Influence of ripening
temperatures on survival of probiotic microorgarésntheese composition and organic acid profiles.
International Dairy Journal (revised manuscript submitted in April 2007).

Ong, L., Henriksson, A., & Shah, N.P. (2007¢). Rstb Cheddar cheese Part Il. Influence of ripening
temperatures on proteolysis and sensory charaatends Cheddar cheeses$nternational Dairy Journal
(revised manuscript submitted in April 2007).

Ong, L., Henriksson, A., & Shah, N.P. (2008a). uefice of ripening temperatures and probiotic adfunc
on thein vitro angiotensin converting enzyme-inhibitory activify@heddar cheeseEWT Food Science and
Technology (doi:10.1016/j.lwt.2007.11.026).
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Appropriate ripening temperatures are required tontin the balance growth of these
bacteria to achieve the optimum cheese qualitytékld977; Puchades et al., 1989).

A high ripening temperature has also been repottethcrease the proteolytic
activity of the cheese microflora (Folkertsma ef 8996). Starter lactococci contributes to
ripening by releasing proteinases and peptidasdsyfirolysing intermediate-sized peptides
produced by the action of chymosin (rennet) andmla (indigenous enzymes in milk) to
smaller peptides and free amino acids. The couhtstaster lactococci decline during
ripening due to unfavourable conditions in cheesesh as high salt in moisture, low pH
and lack of fermentable carbohydrates (Ong et28l06). The proteolytic enzymes of the
starter are also released into the cheese matmn e cells lyse after death (Beresford &
Williams, 2004). The proteinases and peptidasdsSifAB have been found to contribute
to ripening (Williams & Banks, 1997). Probiotic lbea also possess proteolytic system
that may contribute to the release of small peptai®d free amino acids in cheeses (Shihata
& Shah, 2000). Addition of probioticactobacillus paracasei in Cheddar cheeses has been
reported to increase the level of free amino acidcheeses (Gardiner et al., 1998).
Excessive proteolysis may, however, form peptides fsee amino acids that cause off-
flavours such as bitterness (Broadbent et al., R0O8though bitter taste is considered a
normal component of the Cheddar flavour, excessitterness may limit consumer
acceptance of cheeses (Lemieux & Simard, 1992)rdpp@te ripening temperatures would
thus be necessary to control the excessive pratisadly cheeses.

In addition to the role of the proteolytic enzyntesoverall proteolysis, they may
also contribute to a release of biologically-actpeptides such as angiotensin converting
enzyme (ACE)-inhibitory peptides. The role of ACpefptidyldipeptide hydrolase, EC
3.4.15.1) in the regulation of blood pressure aadliovascular function are discussed in
section 2.6.1. ACE inhibition leads to a decreasthe level of the vasoconstrictory peptide,
therefore may result in an antihypertensive effand may also influence different
regulatory systems involved in modulating bloodsgrtee, immune defense, and nervous
system activity (Meisel, 1998). ACE-inhibitory p&jgs have been isolated from various
cheese varieties such as ltalian, Parmesan, Gadbdaddar, Finnish and Manchego
(Addeo et al., 1992; Smacchi & Gobbetti, 1998; &ait al., 2000; Ryahanen et al., 2001;
Korhonen & Pihlanto-Leppéla, 2001; Gomez-Ruiz et 2002). Only a few studies have
investigated the release of ACE-inhibitory peptigdeprobiotic cheeses.

Studies on the ACE-inhibitory activity of cheesesridg ripening show that
inhibitory activity increased as proteolysis praged (section 6.1). However, the

bioactivity decreased when proteolysis exceededcatrtain level. To date, no studies have
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investigated the influence of ripening temperatuoes the ACE-inhibitory activity of
Cheddar cheeses during ripening.

Six probiotic organisms includin@ifidobacterium longum 1941, Lactobacillus
casel 279, Lb. acidophilus 4962, B. animalis subsp.lactis LAFTI®B94 (B94),Lb. casei
LAFTI®L26 (L26) andLb. acidophilus LAFTI®L10 (L10) were selected based on the
criteria described in section 2.1.3. The object¥¢he study was to examine the influence
of ripening temperatures of 4 andC8on a) the survival of the probiotic bacteria,
compositional changes in cheeses and the orgaidcpaafiles; b) the proteolytic pattern
and sensory properties of Cheddar cheeses ande AQGE-inhibitory activity of Cheddar

cheeses during a ripening period of 24 wk.

7.2. Materials and methods

7.2.1. Starter and probiotic organisms

Cheese starter culturé,. lactis subsp.lactis and L. lactis subsp.cremoris and
probiotic organismsB. longum 1941, Lb. casel 279, Lb. acidophilus 4962, B. animalis
subsp.lactis LAFTI®B94, Lb. casei LAFTI®L26 andLb. acidophilus LAFTI®L10 were
obtained from the culture collections mentionedsettion 3.2.1. The organisms were
activated and grown under the conditions describegction 3.2.1.

7.2.2. Cheddar cheese making

Cheddar cheeses were made with 10 L pasteurizédamd 1.5% (v/v) inoculum of
the mixed strain starter culture using a pair gtom made cheese vats. Seven batches of
Cheddar cheeses were made including a controligmtifferent probiotic cheeses as shown
in Table 7.1. The complete set (7 batches) wasymex randomly in 4 days with the same
batch of pasteurised milk and at least 2 replicativere produced the following weeks.

Cheeses were manufactured according to the stammacgdures of Kosikowski
(1977) as described previously in section 3.2.2 atijunct cultures were added at the same
time as the starter culture. All cheeses were mhdkeoxygen barrier Cryov&cbags
(Cryova& Pty. Ltd., Fawkner, Vic, Australia) and heat-seateith a Multivad® vacuum
packaging equipment (Multivac Sepp Haggenmuller |févtscgwenden, Germany). Each
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batch of the cheese was assigned in two equabpsrtd two ripening temperatures (4 and
8°C) and ripened for 24 wk.

7.2.3. Cheese composition

The composition of the cheeses including the &altmoisture, protein contents and
pH of the cheeses were determined according tanbthods described in section 3.2.3.
Cheese composition was analyzed at day 1 (befpeaing) and at the end of ripening (wk
24).

7.2.4. Survival of bacteria in cheeses

Viability of the starter bacteria, probiotic orgams and NSLAB was assessed
during production and ripening period of 24 wk atdd 8°C. Samples of ripened milk,
cooked curd, whey, cheddared curd and pressed(fresh cheese) were collected during
production. During ripening, cheese samples welleated at day 1, wk 6, wk 12 and wk
24. Samples for enumeration were prepared as tedadn section 3.2.4. Starter lactococci,
probiotic microorganisms and NSLAB were enumeraisthg various selective media as

described in section 4.2.4.

7.2.5. Production of organic acids

The concentration of lactic, acetic, citric, butyrformic, propionic and succinic
acid was determined using high performance lighidmatography (HPLC) as described in
section 3.2.5.

7.2.6. Assessment of proteolysis

Proteolysis of the control and probiotic cheeses arsalyzed at day 1 and wk 6, 12
and 24 during ripening at 4 andG8 The water-soluble nitrogen (WSN), trichloroaceti
acid-soluble nitrogen (TCA-SN) and phosphotungatiad-soluble nitrogen (PTA-SN) of
the cheeses were determined as per the methodba#esan section 3.2.6. The proteolytic
patterns of Cheddar cheeses were also analysedDByPAGE using the stacking gel

system as described in section 3.2.6. Data from-BBSE analysis were expressed as the
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ratio of the area to the intensity of the band. Téauction in the intensity of bands during

ripening with respect to the original intensity weagressed as percentage hydrolysis.

7.2.7. Sensory evaluation of cheeses

Staff and students of Victoria University (n = @@re recruited as sensory panelists
for a series of scoring test for specific attrisutdhe panelists were familiar with basic
sensory evaluation techniques for Cheddar cheesbwere further trained for their ability
to detect cheddary flavour, sour-acid taste, l#ss and vinegary taste as per the method
described in section 5.2.2. Prior to sensory eva@nathey also participated in briefing
sessions. All panelists signed a Victoria univgreitman subject’s consent form (Appendix
A.l).

Sensory evaluation was conducted for the cheesasrgffening for 6, 12 and 24 wk.
Cheese samples were removed from the refrigeratbrcat into pieces (about 1.5 x 1.5 x
1.5 cm in size) and placed on white plates codd¢d wirandom 3-digit numbers one hour
prior to evaluation at room temperature @b A total of 14 variations (Table 7.1) of
cheeses were presented to the panelists in randormdér over two days (7 cheeses per
day). The sensory evaluation was repeated thewwilp week where replicates of the
cheeses were presented. Panelists had accessmizddiwater and unsalted water crackers

to help cleanse their palates.

Prior to tasting, panelists completed a questiaenan frequency of cheese
consumption (<1 once per wk, 1-2 times per wk, th¥es per wk, 4-5 times per wk, or >5
times per wk) and cheese preference (mild, mediursharp matured cheese). Panelists
evaluated specific flavour attributes, which in&@ddhe cheddary intensity, bitterness, sour-
acid and vinegary using a 10-point intensity s¢ale low intensity, 10 = high intensity).
Panelists also evaluated texture attributes (hasdaad crumbliness) using a 10-point scale
(hardness, 1 = extremely soft, 10 = extremely handmbliness, 1 = firm, 10 = extremely

crumbly) as described previously in section 5.2.2.

7.2.8. Determination of ACE-inhibitory activity

Cheese water soluble extracts (WSE) were prepargeiathe method described in
section 6.2.2. The extracts were concentrated &gz& drying (Dynavac FD300; Airvac
Engineering Pty. Ltd., Rowville, Australia) at <ZDand —100 kPa for 72 h. The freeze-
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dried WSE was then stored in vacuum af@fbr peptide analysis with reverse phase-high
performance liquid chromatography (RP-HPLC) anddetermination of ACE-inhibitory
activity.

The ACE-inhibitory activity of the freeze-dried \Swas measured using the
spectrophotometric assay of Chusman and Cheund \E&7described in section 6.2.4. The
ACE-inhibitory activity was also expressed asol@he concentration of ACE-inhibitory
peptides needed to inhibit 50% of ACE activify)e 1G, was determined as per the method
described in section 6.2.4 and 6.2.5 with modiforat The 1G, was determined using
graphical extrapolation by plotting ACE-inhibitioas a function of different protein
concentrations. To create a graphical correlatietwben ACE-inhibition and protein
concentration, each sample was adjusted to at tlesest concentration levels. The protein
content of the samples was determined using the-Eolvry method (Lowry, Resebrough,
Farr, & Randall, 1951). The kg was then determined from the linear regressiothas

protein concentration in the sample required tabimB0% of the ACE activity.

7.2.9. Peptide profiles of cheese WSE

A 40 mg aliquot of freeze-dried WSE was dissolved mL of solvent A containing
0.1% trifluoroacetic acid (TFA, Sigma-Aldrich), defuged (14,000 xg, 10 min) using a
bench top centrifuge (Sorvall RT7, Newtown, CT, US#d filtered through a 0.45 pm
filter (Millipore Corp., Bedford, MA, USA). The caltion of RP-HPLC was as described
in section 6.2.3 with modification. Eluent A in sea 6.2.3 with 10% acetonitrile (Merck,
South Granville, NSW, Australia) and 0.05% TFA wasanged to 0.1% TFA without
acetonitrile. Eluent B was 60% acetonitrile contagn0.05% TFA. A linear gradient was
applied from 0 to 80% eluent B over 100 min. Théedigon device was an ultraviolet-

visible detector set at 215 nm.

7.2.10. Isolation and purification of ACE-inhibitory peptigés

A sample size of 100 pL (80 mg freeze-dried WSELImL of solvent A) was
injected into a reverse-phase column and 17 frastweere collected. This step was repeated
10 times and the 17 fractions from the various efatmgraphic runs were pooled and
concentrated using a vacuum evaporator (SpeedVa&l(®GCconcentrator, Savant
Instruments Inc., Farmingdale, NY, USA) to a fimalume of ~1 mL and filtered through a

low protein binding 0.2 um filters (Millipore Copp.An aliquot of the concentrated
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fractions (35 pL) was used in the determinationtlté ACE-inhibitory activity. The
fractions with the highest ACE-inhibitory activityere subjected to further separation and
purification by RP-HPLC. The chromatographic coiotis used were as described in
section 7.2.9.

7.2.11. Identification of peptides

The molecular mass of purified peptides was andlys#ng matrix-assisted laser
desorption/ionization time-of-flight mass spectrarme (MALDI-TOF-MS) (Bruker
Daltonics Inc., Billerica, MA, USA) under the cotidn described in section 6.2.7.

Peptide sequences were obtained by using chemasdigted fragmentation (CAF) in
conjunction with MALDI-TOF-MS (Conrotto & Hellman2005). Ettah® CAF MALDI
sequencing kit (Amersham Biosciences, Uppsala, 8mjedas used to derivatize purified
peptides. Peptides were bound to a prepacked smlqplsase C18 matrix in pipette tips
(ZipTip™ pipette tips; Millipore Corp.). Acquisitioof spectra in reflectron and post source
decay (PSD) modes was performed using an Ettan MAIDF-MS. For each analysis, the
selected mass of the peptide from the reflectr@ctspm was subjected to PSD mode. Mass
differences between the fragment ions were caledlad determine the peptide sequence.

Purified peptides were also identified by an awtted Edman degradation method
(Yarwood, 1989) using a protein sequencer (490 isep®erkin Elmer Co. Ltd., Applied
Biosystem Division, Foster City, CA, USA) with a RIC18 column (2.1 x 220 mm; Perkin

Elmer Co. Ltd.) as described in section 6.2.7.

7.2.12. Statistical analysis

Analysis of variance was carried out to analyz&dMaounts of probiotic and starter
lactococci during production. When significant difnces were found among treatments,
means were compared using Tukey's tBst (0.05). The composition of cheeses, viable
counts, concentration of organic acids, concemimabf soluble nitrogen, hydrolysis of
casein, sensory evaluation scores and the ACEi#ohjbactivity of the cheeses during
ripening at 4 and € for 24 wk were analyzed as a split plot in tinesidn using General
Linear Model procedure of the SAS system (SAS Ihst., Cary, NC, USA). Multiple
comparisons of means were achieved using pdiffoapti — test). The main plot factors
were probiotics and replications (blocks) with npg temperature as the split-plot factor.

This design was additionally split with ripeninghg as additional split-plot factor.

144



Chapter 7.0

The statistical model (split-plot linear model) dseas:

Yin =+ R+ By +8; + Ty + (P*T) + (P*B)k +yi + 1 + ('Ply + (*B)j + (T + (P*T*is + €ija

where Yjx = response for probiotici (i= 1, 2, 3, 4, 5,679, block j (j = 1, 2 or 3),
temperature k (k =1, 2) and time | (I = 1, 248, 1 = constant (population mean),; B,
Ty, i, (P*Ti, (P*B)i, (t*P)i, (t*B)j, (*T)w, (P*T*t)is = the effects of the probiotic i, block
|, temperature k, time | and interaction of prolmot temperature, probiotic x block, time x
probiotic, time x block, time x temperature, prdimax temperature x time, respectively;
and dj, ik, €j = the main plot and two subplots random componeetspectively. All
significant differences were at led®t< 0.05. A total of 21 batches of cheeses were made
from the seven variations (Table 7.1). All resuliesented are means of at least 6
observations (& 6). Error bar is pooled standard error of mea®SB

7.3. Results and discussions

7.3.1. Cheese composition during ripening

The composition of control and probiotic Cheddaeeades after ripening at 4 and
8°C for 24 wk is summarized in Table 7.2. The petages of moisture, salt, salt in
moisture phase (SM), fat and protein of the fresbeses (before ripening) among batches
were not significantly different > 0.05). The result confirms with our previous fimgs
that addition of probiotic microorganisms did néieat the main compositional variables of
Cheddar cheeses (Chapter 3.0, section 3.2.1 & €hdpd, section 4.2.1). At the end of
ripening period of 24 wk, the percentage saltafat protein remained relatively constat (
> 0.05). The moisture content, however, reducedifsigntly in all cheeses ripened at 8°C
(P < 0.05) (Table 7.2; Table 7.5). With the reductiorthe moisture content, percentages
of fat and protein in the cheeses increased sjidhut insignificantly after 24 wk.

The salt in cheese influences cheese ripening ghrats effect on water activity.
The salt concentration influences microbial growthgrious enzyme activities and
proteolysis of cheeses. Lower SM has been corcelatéh higher microbial growth,
increased acid production, increased proteolysid arctreased bitterness (Mistry &
Kasperson, 1998). The percentages of salt and Skhisnstudy were not significantly

different among batches even after ripening fom®4(P > 0.05) (Table 7.2). Any changes
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in the viability of the probiotic and starter orggns, organic acid profiles and proteolysis
of the cheeses were thus not due to the concemtratisalt in the cheeses.

The pH of the cheeses at day 1 was similar amaagrélatmentsR > 0.05). The pH
of the cheeses reduced significantly after 24 wkigning at 4 and°€ (P < 0.05) (Figure
7.1; Table 7.5). According to Fox et al. (1993)0@a#98% of lactose is removed through the
whey as lactose or lactate during draining. Acioldoiction during ripening was the result of
residual lactose fermentation by starter and ptabionicroorganisms. There were
significant effects of the type of probiotic micrganisms used, ripening temperatures and
their interactions on the pH of the cheedes<(0.05) (Table 7.5). The pH of the cheeses
with B. longum 1941 (Batch 2)B. animalis B94 (Batch 3)Lb. casei 279 (Batch 4) otb.
acidophilus L10 (Batch 7) ripened at°@ was significantly lower R < 0.05) than that
ripened at 4°C after 24 wk (Figure 7.1). The pHh# cheese made wilth. casel 279
(Batch 4) was less than 4.6 and this value was rfaweér than that of commercial Cheddar
cheeses. At higher ripening temperature probiot@eorganisms and starter lactococci had
higher metabolic activity, which probably contribdtto the increased acidification. The
decrease in pH can also be attributed to increasghic acid production.

The drop in pH after 24 wk was probably one of thetors that caused the
significant reduction in moisture content. Smallrtpoms of whey were observed in the
packages of the cheeses stored®at &fter 24 wk probably due to the induced protein t
protein bonds in the casein matrix as the pH deedkdhat led to syneresis. VanVliet and
Walstra (1994) made a similar observation of ameiased rate of syneresis in skim milk

gels as the pH decreased.
7.3.2. Survival of bacteria during manufacture of Cheddaheese

Average counts of starter lactococci and probiotithe inoculated-milk were 7.5
logio cfu g* and 7.0 log cfu g*, respectively (Table 7.3). There were no significa
differences P < 0.05) in the counts of starter culture and thafsgrobiotic organisms in the
milk among batches indicating that all cheeses weaele with similar concentration of
starter culture and probiotic bacteria. During miigening (32C, 45 min) the counts of
starter culture increased by about half a log cyclall cheeses. The counts of probiotic
organisms after milk ripening, however, remaineldtieely constant. Cooking increased
the temperature of the cheese curds fi€38crease in temperature accelerated metabolism
of bacteria enclosed within the curd. The countsstafter bacteria in the cooked curds

increased by more than one log cycle, whereas thibpeobiotic organisms only increased
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by half to one log cycle. The counts of starterapigms continued to increase during
cheddaring (3%, 90 min), while there was only a slight increaséhe counts of probiotic
organisms. The significant increase in the stadatetiococci counts during production shows
that starter lactococci were the primary acid pomds throughout the cheese-making
process. Their performance was also not affectethbyaddition of any of the probiotic
adjuncts. There was about 8 {ggfu g* of the probiotic bacteria in the whey. The couit o
probiotic in cheeses remained at the level of 89tdog, cfu g at the end of the

manufacturing process.
7.3.3. Survival of bacteria during ripening

The counts of starter lactococci decreased by atvemtlog cycles after 24 wk of
ripening at 4 and 8°C (Table 7.4), probably du¢ht combination of low pH, high NaCl
and lack of fermentable carbohydrate. Despite @r@ation in the type of added probiotic
adjunct, the counts of starter lactococci in ddfdr batches of the cheeses were not
significantly different P > 0.05). The counts of starter lactococci were, haresaffected
by the ripening temperatur® & 0.05) (Table 7.5). Lactococci counts of cheeseslyred
with B. animalis B94 (Batch 3)Lb. casei L26 (Batch 5) oiLb. acidophilus 4962 (Batch 6)
ripened at 8°C were significantly lower than thopened at 4°C after 24 wlk & 0.05).

The probiotic counts of cheeses with different ppob microorganisms were not
significantly different throughout the ripening et (P > 0.05) (Table 7.4) (Table 7.5).
Ripening temperature also did not affect the cowftgrobiotic in all cheesed?(> 0.05).
The results show that cheeses can become an edfexdrrier for probiotic to consumer.
Cheeses also have a number of advantages ovefféresénted products such as yoghurt as
a delivery system for viable probiotic to consun@heeses have higher pH, a more solid
consistency, a higher fat content and a highereomi capacity than yoghurt, which would
offer more protection to probiotic organisms in testrointestinal tract. Addition of 5 g
cheese to 10 mL of gastric juice increased the mihf2.00 to 4.74, whereas 5 mL of
yoghurt increased the pH to only 3.65 (Gardinexl t1998).

Another group of microorganisms present in the sheewas the NSLAB (see
review in section 2.4.1). The contribution of NSLA®ripening only increases with longer
ripening and higher temperatures. NSLAB use residaatose, sugars from the
glycomacropeptide of casein and glycoproteins efrthlk-fat globule membrane, autolysis
and proteolytic products formed during ripeningtéPson & Marshall, 1990). The effects

on flavour and texture can be positive, negativaeutral, depending on the type of strains
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that predominate and their associated ripeningegt@s. The initial level of NSLAB was
3.10 + 0.32 logy cfu g* and increased to 5.39 + 0.05 {pgfu g* and 6.09 + 0.41 log cfu

g in 24 wk for the control cheeses (Batch 1) ripeaed and &, respectively. The initial
counts of NSLAB in cheeses with the additionLtf casel 279 (Batch 4)Lb. casel L26
(Batch 5),Lb. acidophilus 4962 (Batch 6) andlb. acidophilus L10 (Batch 7) could not be
obtained from LBS agar used for the enumeratioN8LAB because the probiotic out-
numbered their growth in those media at the begmof the ripening period. At 24 wk, the
counts of NSLAB in these cheeses (Batches 4-7) wtaned by subtracting the count of
probiotic organisms in selective media from thertaf total lactobacilli on LBS agar. The
counts of NSLAB in probiotic cheeses (Batches 2v@)e about 7.5 — 8.5 lagcfu g* at 24
wk (Table 7.4) and there was no significant diffexein counts of NSLAB at 4 of@ after
24 wk (P > 0.05) (Table 7.5). Law (2001) found that NSLAB ieased more rapidly at
13’C than at 8C. Cromie et al. (1987) reported that NSLAB cotintseased more rapidly
in cheese stored at higher temperatures (£&28s compared to control chees#(8 The
difference in ripening temperatures (4 &C3 used in this study was not large enough to
give any statistical significance to the growth M§LAB. The level of NSLAB in our
cheeses was comparable to commercially produceddaneheeses (Peterson & Marshall,
1990).

7.3.4. Production of organic acid

The effect of different probiotic organisms andenpg time and temperature on the
organic acid contents of the control and probictieeses is presented in Figures 7.2-7.5.
The main organic acids in probiotic Cheddar chedbesughout ripening were lactic,
acetic, citric and butyric acids. Our results asagstent with the findings of Bouzas et al.
(1993) and Lues and Bekker (2002). An increaseoincentration during ripening was
observed in all organic acid analyzed except forccacid. Lactic acid was present in much
greater abundance than acetic, citric, butyrianfor propionic and succinic acid. lactis
subsplactis andL. lactis subsp.cremoris metabolize lactose to L(+) lactic acid; the glucose
moiety is metabolized via the Embden-Meyerhof (EbBthway while galactose is
metabolized via the tagatose pathwéayctobacillus sp. on the other hand, converts
galactose via the Leloir pathway to glucose-6-Pictwvhis then metabolized to DL-lactate
via the EM pathway (Fox et al., 1993). The la@ad content increased significantly in
cheeses stored at 4 antiC8after 24 wk P < 0.05) (Figure 7.2). There were significant

effects of the type of probiotic microorganismsdjsgpening time, ripening temperatures
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and their interactions on the concentration ofitaatid in the cheese®  0.05) (Table
7.5). Probiotic cheeses had higher concentratiolaatic acid especially in those wittb.
casel 279 (Batch 4) oLb. casei L26 (Batch 5) ripened a8 (Figure 7.2).

Acetic acid can be produced from citrate, lactas# @mino acids (Aston & Dulley,
1982). Acetic acid was detected in all cheese®wald which increased with tim®
0.05) (Figure 7.3). There were significant effeatghe type of probiotic microorganisms
used, ripening time, ripening temperatures andr iméeractions on the concentration of
acetic acid in the cheeseR € 0.05) (Table 7.5). Concentration of acetic aciccheeses
ripened at 8 was significantly higher than those stored %@ 4 < 0.05). Concentration
of acetic acid in cheeses made waifidobacterium sp. (Batches 2 and 3) amhdb. casei
(Batches 4 and 5) were significantly highErg0.05) than that of the control cheese (Batch
1). Desai et al. (2004) reported that some strafrisb. casel were able to produce acetic
acid as their metabolic end produdgsfidobacterium produces acetic and lactic acids from
lactose via a fructose-6-phosphate shunt pathwayagter 2.0, section 2.5.1). The
fermentation pathway results in 3 mol of aceticdaand 2 mol of lactic acid per 2 mol of
glucose, therefore generating a theoretical ma#bp r(acetic:lactic) of 3:2 (Scardovi &
Trovatelli, 1965).This increase could also be due to the higher atmaiuinee amino acids
in cheeses produced with the addition of probiatiguncts, which might have served as
precursors for the formation of acetic acid. Molichand Spinnler (1996) confirmed that
acetic acid can be produced from the degradatioridgtve deamination or
decarboxylation) of amino acids (alanine and s¢rine

Citrate in milk is metabolized by lactic acid ba@ento flavour components, such
as acetic acid, acetaldehyde and diacetyl (Hugenid893). The percentage of citric acid
decreased significantly after ripening for 24 wkbath 4 and & (P < 0.05) (Figure 7.4).
Our finding is in agreement with the result repdrter citric acid in Cheddar (Lues &
Botha, 1998). Thomas (1987) reported that citrat€heddar cheese decreased slowly to
almost zero at 6 mo, presumably as a result ofoétan by lactobacilli which became the
major component of the NSLAB flora. Ripening 8€8s compared to°@, however, did
not significantly affect the disappearance rateitric acid in the cheeseP ¢ 0.05) (Table
7.5). The disappearance rate of citric acid betwdwmeses stored at®@was significantly
higher than those stored at lower temperature éndtudy performed by Bouzas et al.
(1993). The ripening temperatures used in thatyswas, however, much higher than that
used in our study. There was no significant diffieesin the concentration of citric acid
between cheeses with different probiotic adjunets 0.05).
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The concentration of butyric acid in the cheesdsrafpening for 24 wk at 4 and
8°C is shown in Figure 7.5. The most important lowtecalar-weight fatty acid formed by
lipase from milk, starter and NSLAB that contribait® the aroma and flavour of Cheddar
cheese is butyric acid (Bhowmik & Marth, 1990). @it acid can be produced by the
lipolytic activity of cheese microflora on milk fathe butyric acid content of the probiotic
cheeses was not significantly different to the oantheese after 24 wkP(> 0.05).
Ripening temperatures, however, have a signifiedigict on the concentration of butyric
acid in the cheeseP k 0.05) (Table 8.5). Someactobacillus strains were reported to have
lipolytic activity, which increased the rate of fagdrolysis (Kondyli et al., 2002). Butyrate
production might also be accounted by other meshasi Intracellular lipases excreted
during the death of starter bacteria might be resjde for the increased concentration of
butyric acid. Aston and Dulley (1982) reported tlicte fatty acids were produced in
Cheddar cheese slurries manufactured from milk wiiashad been replaced by vegetable
lipids. These lipids contain no fatty acids of ch#ngth less than ;¢ thus eliminating
lipolysis as a direct source. The free fatty acidsh as butyric acid might also be produced
via the deamination of amino acids liberated thiopgpteolysis in the cheeses.

A small amount of propionic acid and succinic avas also detected in the cheeses
(concentration too little to quantify). Propionindasuccinic acids were only detected after
12 and 24 wk of ripening. Propionic and succiniedagroduction in the cheeses was
probably due to non-starter contamination. Strashd actobacillus including Lb. casel
produced propionic and succinic acids (Ocando.ef883).

7.3.5. Assessment of proteolysis

7.3.5.1. Concentration of soluble nitrogen (SN)

Water soluble nitrogen, TCA-SN and PTA-SN are comiyoused proteolytic
indices of cheese ripening (Fox et al., 1993). fdi® of WSN, TCA-SN and PTA-SN to
the total nitrogen (TN) of Cheddar cheeses duripgning at 4 and € for 24 wk is
presented in Figure 7.6. Water soluble fractio@béddar cheeses contains numerous small
and medium sized peptides, free amino acids and degradation products. The level of
WSN increased significantly in all cheeses afteeming for 24 wk P < 0.05) (Figure 7.6a).
About 14% of the TN in fresh cheese (before ripgnday 1) was extracted as WSN, which
increased to about 58 and 62% after 24 wk of ripgiait 4 and &, respectively. Statistical
analysis of the data (Table 7.6) shows that thelle WSN was not affected by ripening
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temperatures, probiotic microorganisms and thegraction P > 0.05). The result shows
that addition of probiotic did not influence theopmolysis of the cheeses at this level. This
was expected because WSN is primarily the produptateolysis from residual rennet or
by proteinases present in the curd such as plasnaell envelope proteases from the starter
microorganisms (Sousa et al., 2001). The ripenargperature also did not significantly
affect the level of WSN between cheeses storedamtd48C (P > 0.05). Folkertsma et al.
(1996) found that Cheddar cheeses made from pastdumilk and ripened at 12 or %%
developed higher levels of WSN than those riperte®’@ The ripening temperature used
in that study, however, was much higher than tsatiun our study.

Trichloroacetic acid-soluble nitrogen increasedgpessively in all cheeses during
ripening (Figure 7.6b) at a rate dependant on ijhenmg temperature used (Table 7.6).
Cheeses ripened af@ had higher TCA-SN than those ripened € 4fter 24 wk of
ripening. About 5% of the TN was soluble in 12% T@Afresh cheeses and increased to
about 13 and 16% after 24 wk at 4 afi@ Srespectively (Figure 7.6b). TCA-SN of cheeses
made withLb. casel 279, Lb. casei L26, Lb. acidophilus 4962 orLb. acidophilus L10
(Batches 4, 5, 6 & 7) ripened at@Bwas significantly higher than that store€tCafter 24
wk of ripening P < 0.05). Fox, et al. (1995) reported that rennetesponsible for the
production of some of the 12% TCA-SN and the lefethis fraction is higher in cheeses
acidified by starter than in chemically acidifiedeeses indicating that bacterial proteinases
and peptidases are also responsible for the foomati some of the 12% TCA-SN. TCA-
SN of cheeses made wiB) animalis B94, Lb. casei 279,Lb. casal L26 or Lb. acidophilus
L10 (Batches 3, 4, 5 & 7) was higher than thathef control cheeses after 24 wk of ripening
at 4 and &C. There was, however, no significant effeetX 0.05) of the type probiotic
microorganisms used on the concentration of TCA{ENure 7.6b; Table 7.6). Further
ripening would probably contribute to the statigtisignificant of the effect of probiotic
microorganisms to the concentration of TCA-SN.

The level of PTA-SN has been widely used as anxmddéree amino acids (FAA) in
cheeses (Fox et al., 1993). PTA-SN is produced griiyn by the action of microbial
peptidases. Peptides greater than 600 Da are pategin 5% PTA. PTA-SN increased
with time in all cheeses and was higher in probiatieeses (Batches 2-7), especially in
those ripened at higher temperature (Batches 2B-ifsire 7.6¢). There were significat (
< 0.05) effects of the type of probiotic microorgams used, maturation time, maturation
temperatures and their interactions on the conagotr of PTA-SN (Figure 7.6c; Table
7.6). About 1.5% of the TN was soluble in 5% PTAresh cheeses and increased to about

2.9% and 4.4% after 24 wk of ripening at 4 af@,gespectively. PTA-SN of cheeses made
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with B. animalis B94, Lb. casei 279 orLb. casei L26 (Batches 3, 4 & 5) was significantly
higher than that of the control cheese (Batch fier&4 wk of ripening at 4 and® (P <

0.05). The results suggested that probiotic migaoisms contribute to the release of small
peptides and free amino acids in Cheddar cheeseda®y, other studies reported that
probiotic adjunct could contribute to the increatmal of PTA-SN (Gardiner et al., 1998).
Ripening temperature of °8 accelerated the proteolytic activity of probiotic
microorganisms in the cheeses, especially in theile the addition ofLb. case sp.
(Batches 5B & 6B).

7.3.5.2. SDSPAGE of cheese samples during ripening

SDS-PAGE of the control cheeses (Batches 1A, B) @odiotic cheeses witB.
animalis B94 (Batches 3A, B)Lb. casei L26 (Batches 5A, B) otb. acidophilus L10
(Batches 7A, B) during the ripening period of 24 atk4 and & are shown in Figure 7.7.
SDS-PAGE of Batches 3A, B are similar to Batches BABatches 5A, B are similar to
Batches 4A, B; and Batches 7A, B are similar tocBas 6A, B. Thus only SDS-PAGE
diagram of Batches 1A, B; Batches 3A, B; and Batch®, B is presented. Various protein
fractions as separated by electrophoresis areddtad bands 1 to 10 in Figure 7.7. Protein
bands were identified based on the molecular weight). The intensities of boths;-CN
(band 1) ang-CN (band 2) bands decreased throughout the riggoémiod (Figure 7.7).
As the concentration afs;-CN andp-CN decreased, the concentration of intermediae si
or low molecular weight breakdown products of thesain increased. These products
appeared in SDS-PAGE in the area betw&N (band 2) ang-lactoglobulin (band 8).
Theos;- CN was hydrolyzed faster th@ACN in all cheeses as shown by the disappearance
of the as:- CN band even at the early stage of ripening peieigure 7.7). This was
especially obvious for cheeses made with the amditf Lb. casei sp. (Figure 7.7; Batches
5A, B) orLb. acidophilus sp. (Figure 7.7; Batches 7A, B).

The difference in electrophoretic diagrams of cointheeses stored at@and 8C
was obvious. As the intensity af-CN (band 1) an@-CN (band 2) bands decreased, band
6 started to appear after 24 wk in the control sheeipened at°8 (Batch 1B), but not in
those ripened at’@ (Batch 1A). Band 6 appeared as early as 12 wtheeses with the
addition ofLb. casel sp. and 24 wk in all other probiotic cheeses ripesie4 and &. The
disappearance of bands 3, 4 and 8 was also fasterobiotic cheeses than the control,

especially when the cheeses were stored’@t(Bigure 7.7). The disappearance of these
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bands (3, 4, 8) probably led to the formation ofallen peptides (bands 9 & 10) or other

peptides smaller than 7400 Da that could not beotled in SDS-PAGE gel used.
Percentage hydrolysis af;;-CN and -CN in the control cheese (Batch 1) and

probiotic cheeses (Batches 2-7) after 24 wk ofniipg at 4 and & is presented in Figure
7.8. Percentage hydrolysis @f-CN andp-CN increased significantly with timé&( 0.05)
(Table 7.6). Hydrolysis ofis;-CN in the cheeses was more extensive at the stage of
ripening (during the first 12 wk) (Figures 7.8a &3). Statistical analysis of the data shows
that there were significant effects of the typeadbiotic microorganisms used, maturation
time, maturation temperatures and their interastion the degree of hydrolysis @fi-CN

(P < 0.05) (Table 7.6). Cheeses made With casel sp. (Batches 4 & 5) had the highest
degree ofis:-CN hydrolysis followed by cheeses made with acidophilus sp. (Batches 6

& 7) or Bifidobacterium sp. (Batches 2 & 3) and control cheese (Batch hjs Tvas
expected becauseb. casei sp. had higher proteolytic activity than other lpodic
microorganisms used in this study. The results fl@RA-based spectrophotometric assay
showed that.b. casei sp. released the highest amount of free aminopgréallowed byl b.
acidophilus or Bifidobacterium sp. after 18 h incubation in RSM at°87(section 4.2.5).
Percentage hydrolysis of;-CN in cheeses made wilth. casei sp. ripened at°€ was
significantly higher than those ripened 8C4(P < 0.05). About 75% of theis-CN was
hydrolysed in cheeses wittb. casei sp. (Batches 4B & 5B) after ripening for 24 wk8&€
compared with about 65% in those ripened’at @atches 4A & 5A).

Only about 30% of theg-CN was hydrolysed in all cheeses (Batches 1-7) as
compared to more than 50% of thg-CN, which shows that bacterial proteinases and
peptidases have preference owgfCN thanp-CN. According to Fox et al. (1993);CN is
more resistant to proteolysis thag-CN. There were significant effects of the type of
probiotic microorganisms used, maturation time, uraton temperatures and their
interaction on the degree of hydrolysisBe€N (P < 0.05) (Table 7.6). About 30% and 38%
of the-CN were hydrolysed after ripening for 24 wk atrél&C, respectively. Percentage
hydrolysis of B-CN in control cheese (Batch 1) and cheeses matte Bvilongum 1941
(Batch 2),B. animalis B94 (Batch 3) otb. acidophilus 4962 (Batch 6) ripened af® was
significantly higher than that ripened 8C4
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7.3.6. Sensory evaluation for specific flavour and textuagtributes of Cheddar cheeses

Acceptability of the control and probiotic cheesésred at 4 and°8 after ripening
for 6, 12 and 24 wk is shown in Table 7.7. Accejtgbof the cheeses increased as the
ripening time increased(< 0.05). Acceptability of cheeses with probioticcnoiorganisms
was comparable to that of the control chede (0.05) after 24 wk of ripening at’@.
Acceptability scores of cheeses wBhanimalis subsp.lactis (Batch 3B) orLb. casei 279
(Batch 4B) were significantly lower than that okthontrol cheese (Batch 1By € 0.05)
after 24 wk of ripening at°8® possibly due to the higher concentration of acatid in
cheeses witlB. animalis subsplactisor Lb. casel 279. The acceptability of cheeses ripened
at C was not significantly different to those ripenad4C (P > 0.05) except for the
cheeses withLb. casel L26 (Batch 5). The acceptability of cheeses with casel L26
ripened at & (Batch 5A) was significantly higher than thatemgd at 2C (Batch 5A) after
24 wk of ripening.

A wide range of descriptive vocabulary (attributés) Cheddar flavour has been
defined by Delahunty and Murray (1997) and Murragl ®elahunty (2000) as discussed in
Chapter 5.0, section 5.2.2. Drake et al. (1996¢ctetl the specific attributes including
bitter, sour-acid, oaky/nutty, firmness and crumédis for the sensory evaluation of
Cheddar cheeses made with the addition of adjuactobacillus. In the present study,
similar terms were used. Vinegary attribute waseddtb the attribute list to find out the
correlation between acetic acid concentrations iebth from instrumental analysis and
human sensory perception of vinegary taste of lle@ges. The attribute oaky/nutty, which
corresponded to the flavour characteristic of ptamuguality Cheddar cheese (Bodyfelt et
al., 1988), was changed to “cheddary”, which wdsdd as the general flavour of Cheddar
cheese (Hulin-Bertaud et al., 2000).

Scores for flavour attributes (cheddary, bitterpesair-acid and vinegary) of the
cheeses ripened at 4 andC8at 6, 12 and 24 wk are shown in Figure 7.9. Scdoe
cheddary increased as the ripening period increiasaiticheeses (Figure 7.9a). At the early
stages of ripening (6 & 12 wk), the cheddary scdresveen different batches of the
cheeses were not significantly differeft ¥ 0.05). After 24 wk of ripening, scores of
cheddary for cheeses ripened &€ 8vere higher than those ripened &€ 4There was a
significant time x temperature effect on the chegdscores of the cheeses (Table 7.9).
During ripening, more peptides and free amino awdse released into the serum of the
cheeses with ripening time. Hydrolysis of caseipgdnnet, plasmin and starter bacteria in

the initial stages of maturation released a comalide quantity of peptides of large or
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intermediate size. These peptides probably becdmestbstrates for peptidases of the
starter, NSLAB and probiotic bacteria, which gaige to smaller peptides and free amino
acids that contribute directly to the flavour ordmting as precursors of aromatic substances
such as amines, acids, thiols, thioesters (Fok,et393).

The scores for cheddary flavour for commercial skseused during the training
session was 4.01 £ 0.49, 5.80 + 0.43 and 8.80 Z 4 “mild”, “tasty” and “vintage”
cheeses, respectively. The average scores of ahyeéldaour for experimental cheeses
ripened at AC indicated that panelists perceived the cheesémid’ cheese and those
ripened at & to be comparable to commercial “tasty” cheesgeims of their maturity.
Data collected from the panelists showed that tlefepence for type of cheese, age and
frequency of cheese consumption did not affectséresory score?(> 0.05). About 73%
of sensory panelists consumed cheeses 1-2 timaslkp&7% were between the ages of 18
and 35 years and 50% preferred mild cheeses.

The correlation between the compositional analyisel of organic acid and
proteolysis to the sensory scores of the cheesgsesented in Table 7.8. There was a
positive and significant correlation between thetg@olysis indices including WSN, TCA-
SN, PTA-SN, percentage hydrolysisc@i-CN andB-CN and the scores of cheddary flavour
(Table 7.8). The results confirm that the produftgroteolysis are important for flavour
development of Cheddar cheeses (Aston & CreameB86)19Increase in ripening
temperature, increased the proteolysis and thu€hweeldary scores of the cheeses. There
was also a strong and positive correlation betwherevel of organic acids such as lactic,
acetic and butyric acids to the scores of chedtlavpur (Table 7.8). Production of organic
acids may occur in cheeses as a result of nornaéta metabolism and breakdown of
milk proteins, fat, lactose and citrate during nfaoture and storage. These acids and
breakdown products play an important role in tlhe&dur of cheeses.

Bitterness in cheese results from the accumulatiohydrophobic short peptides,
which can originate fronus-CN or B-CN (Broadbent et al., 2002). ElI-Soda et al. (2000)
reported that lactobacilli extracts enhanced ln#es when incorporated into Cheddar
cheese curd due to the release of the complexdasgtisystem of theactobacillus. It was
expected that the increase in proteolysis with dldeition of adjunct probiotic would
probably increase the scores of bitterness for dheeses. There was, however, no
significant correlation between the level of prdyss and the scores of bitterness for the
cheeses (Table 7.8). The bitterness scores betwikeeses with and without adjunct
probiotic at both 4 and°8 were also not significantly differer® & 0.05). It is interesting

to see that scores for bitterness reduced aftevkl@f ripening and increased again after 24
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wk in most of the cheeses (Figure 7.9b). Residuig2® of the C-terminal region @
casein and residue 1-9 of the C-terminal regiomgfcasein have been associated with
bitterness in cheeses (Lemieux & Simard, 1992).s&éhpeptides were found in 6 wk
cheeses and were possibly formed by the actiorhghosin (rennet). Hydrolysis of these
peptides is associated with decreased bitternes€sheddar cheeses. In our stuiyCN
(193-209) andxs;-CN (1-9) were isolated in all cheeses using reespisase HPLC and the
concentration varied as the ripening time increa@édure 7.15). These peptides were
possibly broken down at the early stage of ripemasylting in lower bitterness scores after
12 wk. As the ripening time increased, other sipefitides and amino acids were released
into the cheeses and would possibly contributeitthér increase in bitterness.

Scores of sour-acid in the probiotic cheeses wagheh than that of the control
cheese. Scores of sour-acid were higher in ched@smsed at 8 as compared t0°@.
Increase in ripening temperature from 4 £& 8however, did not significantly affed ¢
0.05) the scores of sour-acid in the control cheesel those withb. acidophilus (Batches
1, 6 & 7). Cheeses with the additionRifidobacterium sp. andLb. casei sp. ripened at®
for 24 wk (Batches 2B, 3B, 4B & 5B) had the highssbres of sour-acid (Figure 7.9c).
Cheeses ripened af@ also received higher vinegary scores especiallfhbse with
Bifidobacterium sp. orLb. casel 279 (Batches 2B, 3B, 4BP(< 0.05) (Figure 7.9d). The
scores for sour-acidic and vinegary were mainlyugriced by the concentration of lactic
and acetic acids of the cheeses (Table 7.8).

Scores for texture attributes (hardness and crumeddi) of the cheeses stored at 4
and 8C after 6, 12 and 24 wk are shown in Figure 7.1 fost important contributor to
the continuous casein matrix of a Cheddar cheesg-SN (Lawrence et al., 1987), and
hydrolysis of this casein is believed to be resgiador the softening of Cheddar cheese
texture (Grappin et al., 1985). Hardness in theesbge decreased slightly as the ripening
time increased, but not significantly? ¢ 0.05). Scores for crumbliness of the cheeses
showed no discernable pattern. Statistical anabfstee data showed that the mean scores
for hardness and crumbliness of the cheeses weraffiected by the ripening temperatures
and probiotic adjuncts?(> 0.05) (Table 7.9). There was a significant negatorrelation
between the level of WSN, TCA-SN, PTA-SN, perceathgdrolysis ofus;-CN andp-CN
and hardness scores showing that increased prsiealyth time was responsible for the
softening of the cheeses.
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7.3.7. ACE-inhibitory activity of control and probiotic ceeses during ripening

Release of bioactive peptides as a result of tlageplytic activity of lactic acid
bacteria (LAB) has become the subject of intensearch due to the beneficial effects of
using food-grade microorganisms to enrich food$wibactive peptides (Gobbetti et al.,
2002). Proteolytic system of LAB is very complextaier lactococci possess a cell
envelope-associated proteinase (PrtP or lactocepat) contributes to the formation of
small peptides (probably by hydrolyzing larger pegs produced by chymosin or plasmin)
and a multitude of intracellular peptidases that m@sponsible for the hydrolysis of short
peptides and the liberation of amino acids in ckee¥he proteolytic system of probiotic
bacteria has also been studied in detail by Shilaag Shah (2000). Cell envelope-
associated proteinases with properties similarh® lactococcal lactocepins have been
isolated from a number of strains ladictobacillus (Kuniji et al., 1996). Consequently these
microorganisms could potentially generate a largeety of peptides including bioactive
peptides.

The ACE-inhibitory activity of WSE of control (Baicl) and probiotic cheeses
(Batches 2-7) during ripening at 4 antC&or 24 wk is shown in Figure 7.11a. The ACE-
inhibitory activity of the cheeses increased sigaifitly (P < 0.05) during ripening,
especially during the first 6 wk and reached a maxn at 24 wk. Ripening temperatures
had a significant effectP(< 0.05) on the percentage of ACE-inhibition of ttleeeses
during ripening (Table 7.11). Probiotic microorgans had no significant effed® & 0.05)
on the percentage of ACE-inhibition of the cheesethe early stage of ripening. Table
7.11, however, shows that there was a significatgraction P < 0.05) of probiotic
microorganisms with time, indicating the contriloutiof probiotic microorganisms to an
increased level of ACE-inhibition of the cheesesttas ripening progressed. Percentage
ACE-inhibition of cheeses made with the additiorLbfcasei 279 (Batch 4)Lb. casei L26
(Batch 5) orlLb. acidophilus L10 (Batch 7) was significantly highelP & 0.05) than that of
the control cheese (Batch 1) after 24 wk of ripgrahboth 4 and°€.

The ACE-inhibitory activity of the cheeses is aésgressed as kg (concentration of
the sample required to inhibit 50% of the ACE atyjv Figure 7.11b shows the dgvalue
of the cheeses when the percentage ACE-inhibitiaa maximum during ripening (at 24
wk). ICso of cheeses made with the addition of probioticrooeganims (Batches 2-7) were
significantly lower P < 0.05) than that of the control cheese (Batch 134atvk. 1G of
cheeses ripened at@was not significantly different to those riperstdf’C at 24 wk P >
0.05). The lowest value of the JCand therefore the highest ACE-inhibitory activity
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corresponded to the cheese made with the additibb.@cidophilus L10 (Batch 7, Figure
7.11b).

The higher percentage of ACE-inhibition in cheespsned at &8 as compared to
those ripened at°’@ was probably due to the accumulation of more AdHibitory peptides
in the 8C cheeses as a result of the increased proteoBmsgiously we have reported that
cheeses ripened at@had higher level of proteolysis than those rigeaefC as indicated
by the increase in TCA-SN, PTA-SN and percentagldiysis ofas-casein in the cheeses
(section 7.3.5). It is interesting to note that tlig, of the cheeses ripened at 4 afg 8
were, however, not significantly differer®® & 0.05). The results indicated that most of the
active peptides present in the cheeses ripenetCawdre relatively similar to those ripened
at 8C.

Peptide profiles of control and probiotic cheedamined using RP-HPLC after 24 wk
of ripening at 4 and“€ are shown in Figure 7.12. Although cheeses matte probiotic
bacteria had higher ACE-inhibitory activity, Figurel2 shows that the peptides profiles of
the cheeses were very similar. Isolation and maiion of ACE-inhibitory peptides were

performed using only WSE of cheeses with the higA&E-inhibitory activity.

7.3.8. Isolation of ACE-inhibitory peptides from cheese m@withLb. acidophilus L10

adjunct

Water soluble extract of cheese with the highesEAghibitory activity (Batch 7,
ripening temperature®8) was injected into RP-HPLC column in order tocfianate the
peptides. Seventeen fractions were collected mpnasishown in Figure 7.13a. The ACE-
inhibitory activity of the 17 fractions was shown Figures 7.13b. Several fractions
distributed throughout the acetonitrile gradienhibked high level of ACE-inhibition and
low ICsp values, especially fractions 1, 4, 15 and 16. &dgege ACE-inhibition and Kgof
fractions 1, 4, 15 and 16 were 54% J(.17 mg mL[Y), 66% (IGo, 0.22 mg m[}), 81%
(ICso, 0.19 mg mrY) and 73% (IG, 0.20 mg mLY), respectively. These fractions were
purified using RP-HPLC followed by identificatiorh peptides.

7.3.9. Identification of ACE-inhibitory peptides

Details of peptides identified from fractions witigh ACE-inhibitory activity are
shown in Table 7.10. Peptide from fraction 1 wasenidied using chemically assisted
fragmentation (CAF) chemistry and MALDI-TOF. CAF-NLBI chemistry is based on the
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introduction of a negatively charged group to theeNninus of peptides generated by
tryptic digestion. In this method, only y-ions, whiretain a net positive charge, are
separated and detected while N-terminal fragmemtsiautral and not detectable. With the
generation of only y-ion series fragments, the nizetsveen two peaks on the spectrum
could be corresponded to the mass of individualhanaicid (Conrotto & Hellman, 2005).
An example of CAF-fragmentation mass spectrum uisdte identification of peptides is
shown in Figure 7.14. Molecular weight of the piedf peak determined using MALDI-
TOF-MS was m/z 854.67 (Figure 7.14a). The firstefikesidues obtained using CAF-
MALDI of fraction 1 were identified as Ala-Arg-HiBro-His (Figure 7.14b). Following the
sequence interpretation and molecular weight detextion, this peptide was identified as
Ala-Arg-His-Pro-His-Pro-His originating from-casein (CN) (f 96-102).

Tryptic digestion using Ettdd — CAF MALDI sequencing kit did not work on
peptides in fraction 4. Trypsin predominantly cles\proteins at the carboxyl side of the
amino acid lysine and arginine, except when eithdollowed by proline. Fraction 4 was
thus sequenced using the automated Edman degradadithod (Yarwood, 1989). Fraction
4 contained a mixture of several peptides. The five residues of fraction 4 obtained using
the Edman N-terminal sequencing were Arg-Pro-Lys-Piio. Peptides from fraction 4
were thus identified ags;-CN (f 1-9), as;-CN (f 1-7) andosi-CN (f 1-6) with theoretical
molecular weights of 1140.4, 875.1 and 746.9, retspy. Peptides from fractions 15 and
16 were both identified in a similar manner usihng Edman N-terminal sequencing and
CAF-MALDI sequencing methods. Peptides in fractiddsand 16 were identified as;-
CN (f 24-32) and3-CN (f 193-209), respectively (Table 7.10). Mosttloése peptides have
been identified in probiotic cheese with. casei L26 (Chapter 6, Table 6.2).

7.3.10. Influence of probiotic organisms and ripening temgaure on the formation of
ACE-inhibitory peptides during ripening

The total area of fractions 1, 4, 15 and 16 duripgning at 4 and € for 24 wk in
control (Batch 1) and probiotic cheeses (Batch&$ &-shown in Figure 7.15. The effects
of probiotic microorganisms, ripening temperatuaed their interaction on the formation of
fractions 1, 4, 15 and 16 are shown in Table 7All fractions (1, 4, 15 & 16) were
detected even at the early stage of ripening, limit telative abundance shown by the total
area of the peaks changed during the 24 wk of mgerThe total area of fraction 1, that
was identified ag-CN (f 96-102), increased as the ripening timeeased R < 0.05). The
increase in the total area of fraction 1 duringenimg was significantly affectedP (< 0.05)
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by the probiotic microorganisms and ripening terapges (Table 7.11). Total areas of
fraction 1 in probiotic cheeses (Batch 2-7) wegnsicantly higher P < 0.05) than those of
the control cheeses (Batch 1) at both 4 at@ @igure 7.15a). After 24 wk of ripening,
cheese made with the addition Idf. acidophilus L10 (Batch 7) ripened at°8 had the
highest total area of fraction 1 as compared tbdhather cheeses (Figure 7.15a).

Total area of fraction 4, which contained a mixtaféhree peptidegs;-CN (f 1-9),
as-CN (f 1-7) andosi-CN (f 1-6), decreased during the 24 wk of ripenaigfC. The total
area of fraction 4 also decreased during the fizstvk of ripening at &, but increased as
the ripening progressed to 24 wk (Figure 7.15bjargjes in the total area of fraction 1 with
time, was significantly affected by the probioticcnoorganisms and ripening temperatures
(P < 0.05) (Table 7.11).

Fractions 15 and 16 were isolated at a higher atgte gradient. Total area of the
peak of fraction 150s;-CN (f 24-32)) increased during the early stageméning (up to 12
and 6 wk in cheeses ripened at 4 af@,8espectively) and decreased as the ripening
progressed to 24 wk. Higher amount of fraction Hsfiormed in cheeses ripened ¥ 4s
compared to that ripened &iBduring the early stage of ripening. At the endipéning
period of 24 wk at 4 and’8, control cheese (Batch 1) had the highest amofuinaction 15
as compared to other cheeses (Batches 2-7). Frat6owas detected in fresh cheeses
before ripening. This peptidg{N (f 193-209)) accumulated in the cheeses eslecia
during the first 12 wk of ripening and the amouetained constant after that period
(Figure 7.15d).

7.3.11. Profiles of the isolated ACE-inhibitory peptides

Caseinsds-, as> B- andk-CN) have been the major precursor for the germraif
bioactive peptides. In this study, various peptittesn asi-, - andk-CN were identified
(Table 7.10). The ACE-inhibitory peptides isolatedthis study showed various peptide
sequences of varying lengths. The structure agtingtationship for food-derived ACE
inhibitors has not been well established. Howeseme general features have been reported
(Meisel et al., 1997; FitzGerald et al., 2004)ajtpears that binding to ACE is strongly
influenced by the C-terminal tripeptide sequenceaniyl substrates and competitive
inhibitors of ACE contain hydrophobic amino acid tims region. The presence of the
positive charge lysine and arginine as the C-teminmesidue was also suggested to
contribute to the ACE-inhibitory potency. Longeraahinhibitors may also contribute to the
ACE-inhibitory potency (FitzGerald et al., 2004).
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The peptide Ala-Arg-His-Pro-His-Pro-His corresparglito k-CN (f 96-102) was
identified in fraction 1 (Table 7.10). Reports orCE-inhibitory peptides derived from

hydrolysis ofk-CN are rare and correspond to very short sequenmdsas-CN (f 38-39),

(f 25-34), and (f 24-26) (Gobbetti et al., 2002)o$1l of the bioactive peptides froreCN
have antithrombotic activity. Most recently, a peetfrom within this sequence;CN (f
96-100) was isolated from probiotic yoghurt and Wasd to haven vitro ACE-inhibitory
activity with an 1Go of 9.64 + 3.67 pg mt (Donkor et al., 2007). Lactocepins from a
number ofLactococcus strains were found to be able to cleave ¥aia® and His®*
Leu'®® of k-CN (Fox et al., 1994). PeptideCN (f 96-102) was detected at the early stage
of ripening and accumulated in the cheeses thrautgie ripening period. It is interesting
to note that total area of the peak that correspdrid this peptide was significantly higher
in probiotic cheeses indicating the possible cbaotion of proteolytic enzymes from
probiotic bacteria in the production of peptid€N (f 96-102) in cheese during ripening.

In the cheese systerms;-CN was hydrolyzed by chymosin at Bheheé* to yield
as1-CN (f 1-23) andhs;-CN (f 24-199) (Minkiewicz et al., 2000). Lactocatcell envelope
proteinases and endopeptidases from probiotic haeee able to rapidly hydrolyzg;-CN
(f 1-23) to several small peptides resulting in thenation and accumulation of peptides
as1-CN (f 1-9) andas;-CN (f 1-13) in Cheddar cheese during ripening ¢8iet al., 1997,
Janer et al., 2005). Peptidg-CN (f 1-9) isolated from Gouda cheese gave vew IG5y
value of 13.4 pg mt and antihypertensive effect of -9.3 + 4.8 mm Hgspontaneously
hypertensive rats (SHR) (Saito et al., 2000). Fepii-CN (f 1-6) isolated from sheep
sodium caseinate hydrolysate exhibited a potent -X@ibitory activity (IGo of 30.1 ug
mL™) and was resistant to hydrolysis by trypsin anghettrypsin (Minervini et al., 2003).
In the present study, three peptides from the siAtberminal region ofas;-CN (f 1-23)
were isolated, which correspondedutg CN (f 1-9) (f 1-7) andis1-CN (f 1-6) (Table 7.10).
The total area of the peaks in fraction 4 only éased at the later stage of ripening (Figure
7.15b) probably due to the action of intracellupeptidases that were released in the
cheeses after starter or probiotic cell lyses. Bimpeptides were isolated from “Festivo”
cheese, produced with a commercial starter mixtafelLactococcus, Leuconostoc,
Propionibacterium, Lactobacillus sp. as well as probiotic strains bb. acidophilus and
Bifidobacterium sp. (Ryahanen et al., 2001). Maximum ACE-inhibitoagtivity of
“Festivo” cheese was found after 13 wk of ripening.

The peptide corresponding 6Q;-CN (f 24-32) probably originates from-CN (f
24-199) via hydrolysis by chymosin (cleavage sie-Phé* and Ph&-Gly*}). This
peptide has a high homology with the 12 residudigedC12)as;-CN (f 23-34) isolated
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from a tryptic hydrolysate of casein (FitzGerald at, 2004). Townsend et al. (2004)
reported that peptide C12 had a potent ACE-inhipi&gfect in hypertensive human. A C12
containing hydrolysate was orally administered (200 mg kg' C12 with 877 or 1754 mg
alginic acid) on a daily basis to 10 hypertensiuenan volunteers over a 7 day cycle (5 of
the possible treatments) resulting in a blood presseduction of 9 mm Hg. In the present
study, peptidens;-CN (f 24-32) was detected in fresh cheese andnaglaied during the
early stage of ripening (12 wk) at 4 an@C8 The total area of fraction 15, however,
decreased as the proteolysis progressed. Prote@giiymes from the probiotic adjunct
were probably responsible for the decrease in &tah of fraction 15. Carboxypeptidase
activity in lactobacilli and in nonstarter lacticid bacteria (NSLAB) in Feta cheese were
reported to hydrolyzes-CN (f 24-32) toas-CN (f 24-30) and smaller fragments during
ripening (Michaelidou et al., 1998). Peptides fraithin this sequenceys;-CN (f 24-27), (f
25-27), (f 27-30) produced from bovine casein otzyematic hydrolysis, however, also
showed bradykinin-potentiating activity on the uterd ilea of rats (Maruyama et al., 1987,
FitzGerald & Meisel, 2000).

A peptide derived fron-CN (f 193-209) was identified in fraction 16 (Tall.10).
Leu*®Tyr'** and Led®%-Tyr'** were known chymosin cleavage sites in solutiortéEkate,
et al, 1997). Cell-wall-associated proteinases alppear to cleave LEGTyr'*® in a
solution (Fox et al.,, 1994). This peptide was pmése the cheeses at the early stage of
ripening, accumulated to its maximum after 12 wki aemained relatively constant until
the end of the ripening period of 24 wk at bothndl &C. Peptide$-CN (f 193-209) has
previously been isolated from casein by extracatlpkoteinase frorhb. helveticus CP790
and have shown to exhibit ACE-inhibitory activitytivICsoof 101 ug mr* (Yamamoto et
al., 1994). In several cheese varieties, pe@i@N (f 193-209) was associated with bitter

taste defects (Singh et al., 2003).
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7.4. Conclusions

The percentages salt, fat and protein remainedivella constant after 24 wk of
ripening of cheeses. The moisture content and theffihe cheeses reduced significantly in
all cheeses ripened at 8°C. Starter lactococcitsomncheeses produced wiih animalis
B94, Lb. casei L26 or Lb. acidophilus 4962 ripened at 8°C were significantly lower than
those ripened at 4°C after 24 wk. Probiotic micgamisms remained viable at the end of 24
wk and their viability was not affected by the mpgeg temperatures. Probiotic cheeses had
higher concentration of lactic acid especially ioge withLb. casei 279 orLb. casel L26
ripened at 8. The acetic acid concentration in cheeses matteBifidobacterium sp. and
Lb. casei sp. was significantly higher than that of the cohtheese at 4 and®. Ripening
temperature of ® as compared t0°@ increased the level of proteolysis indicated Hoy t
increased TCA-SN, PTA-SN and percentage hydrolyfsig;-CN andp-CN in the cheeses.
There were positive and significant correlationswieen the levels of WSN, TCA-SN,
PTA-SN, lactic acid, acetic acid, butyric acid, gertage hydrolysis afs;-CN, -CN and
the scores of cheddary flavour. Scores of sour-and vinegary were significantly higher
in cheeses with the addition 8ifidobacterium sp. andLb. casei 279 ripened at € as
compared to %. Both sour-acid and vinegary scores were posjtiaad significantly
correlated to the level of lactic and acetic acid€E-inhibitory activity of probiotic
cheeses withLb. casei 279, Lb. casei LAFTI® L26 andLb. acidophilus LAFTI® L10 was
significantly higher than that of the control cheadter 24 wk of ripening at 4 and@ The
ICso Of the cheeses, however, was not significanthecéfd by the increasing ripening
temperature from 4 t0°8. Cheeses made with the additiorLbf acidophilus LAFTI®L10
ripened at & had the highest ACE-inhibitory activity. Ripenitemperature of 4 and@
can be applied successfully for the ripening objpobc Cheddar cheeses.
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Table 7.1.Control and probiotic Cheddar cheéses

Probiotic adjunct (1.2% v/%¥) Ripening temperature
4°C g'C
None (control) Batch 1A Batch 1B
B. longum 1941 2A 2B
B. animalis subsp. &ctis LAFTI®B94 3A 3B
Lb. casel 279 4A 4B
Lb. casei LAFTI®L26 5A 5B
Lb. acidophilus 4962 6A 6B
Lb. acidophilus LAFTI®L10 7A 7B

1 Cheeses were produced in triplicate with cheestestaulture (1.5% v/v) of mix.actococcus
lactis subsplactis andLactococcus lactis subsp cremoris. Each batch of cheese was divided into

two equal portion and stored &CA4(A) and 8C (B).
2 1.2 % viv = 12 mL of bulk culture of RSM added tegy liter of pasteurized milk.
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Table 7.2.Composition of control and probiotic Cheddar cheegmened at 4 and 8°C after 24 wk

N o Ripening Cheddar cheese
Composition Ripening 5
i temperature SEM
(%) period €c) Batch 1 Batch 2 Batch 3 Batch 4 Batch 5 Batch 6 Bett 7

day 1 N/A 40.52 4227 42.14 42.92 43.14 42.08 42.65

Moisture wk 24 4 39.08° 39.78 39.3¢ 39.28 40.62° 39.17 39.27F 0.99
wk 24 8 37.94 38.3F 38.27 39.67 39.9% 39.2% 39.87
day 1 N/A 2.05 2.07 2.08' 2.08' 217 2.01 1.91°

Salt wk 24 4 2.08 1.97 2.00" 2.04 1.97 1.90 1.8¢" 0.11
wk 24 8 1.94 1.97 1.96' 2.02 213 1.97 1.89"

Saltin day 1 N/A 5.1% 4.94' 497 4971 5.10" 4.83 452

oisture wk 24 4 5.34 4.98' 5.10" 5.20" 4.88' 4.88' 481" 0.36
wk 24 8 5.10 5.13 5.12" 5.38' 5.38" 5.01° 4.74
day 1 N/A 32.17 3171 32.60 32.36 32.51 33.33 31.82

Fat wk 24 4 33.28 32.87 33.50 33.13 33.2% 33.79 33.16 0.89
wk 24 8 33.37 32.98 33.9¢ 33.50' 34.20 34.13 33.13
day 1 N/A 26.99 27.38 27.4% 27.64' 27.71 28.1%' 27.42

Protein wk 24 4 29.22 27.34 28.66 27.47 28.21 28.29 27.68 1.52
wk 24 8 26.89 28.0%' 27.53 28.4%' 28.32 28.72 28.31

Batch codes used are as in Table 7.1. Resultsesenied as means of a least 6 observation$)n
’Pooled standard error of means
“BMeans in column of the same composition with déférsuperscript are significantly differeR € 0.05).
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Figure 7.1.pH of control and probiotic Cheddar cheeses aifpening at 4 and 8°C for 24 wk. Results are exy@eéss means of a least 6 observationrsgh
Error bar is pooled standard error of means (SEMOS).?™ pH of fresh cheeses (day 1) and cheeses ripenéd fak at 4 and 8°C with different
superscripts are significantly differeft € 0.05).
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Table 7.3.Viable counts (Log cfu g*) of cheese starter lactococci and probiotic mimganisms during manufacturing of Cheddar cheeses

Viable counts (Logo cfu )

Samplé

Inoculated milk  Ripened milk  Cooked curd Whey Cheddared curd Pressed curd

(Fresh cheese)
Batch 1  Starter 739+ 0.054 7.80+0.03* 877+0.04* 816+0.07" 9.60+0.07" 9.10 + 0.63A
Batch 2 Starter 7.86 + 0.024 835+ 0.15% 884+0.08 825+0.03°* 9.68+0.06" 9.73+0.12"
atc BL 1941 6.94+0.104 7.02+0.0 778+0.18* 764+0.15°" 811+0.16" 8.29 + 0.29A
Batch 3 Starter 740+ 0.20%  823+0.13% 896+0.09® 824+0.0""  963+0.06" 9.57+0.12%
LAFTI®B94  7.32+0.03* 729+ 0.04% 807+0.13" 755+0.02°* g.28+0.05" 838+ 0.12%
Batch 4 Starter 764+0.07"  786+0.04" 890+0.08” 838+0.068"  959+0.05" 9.59+0.11
LC 279 7.26 + 0.094 736+ 0.04% 818+0.09" 787+0.08"* 799+0.17" 8.01+0.17*
Batch 5 Starter 7.83+0.09% 825+ 0.17% 013+0.04%¢ 839+0.14"  964+0.03" 9.62 + 0.05"
LAFTI®L26  7.29+0.09" 725+ 0.04% 7.80+0.08"" 7.77+0.04"* 812+0.08" 8.14 + 0.10*
Batch 6 Starter 765+0.10%  7.78+0.06% 011+0.025¢ 833+0.17* 965+ 0.06" 9.74+0.02"
LA 4962 6.98 + 0.05* 7.14+0.15% 7.78+0.10* 766+0.09° 820+0.13" 8.34+ 0.15"
Batch 7 Starter 781+0.08"  811+0.08% 022+0.02° 841+0.12* 0971+0.05" 9.73 £ 0.02*
LAFTI®L1I0 7.12+0.16" 7.06+0.09% 7.71+0.09* 765+0.05"% 815+0.2" 8.19 + 0.33"

aMeans in rows with different superscripts are digantly different P < 0.05).
A8 Means in column among counts of starter lactocandiamong counts of probiotic with different supgggs are significantly differen®(< 0.05).
! Batch codes used are as in Table 7.1. Resultxpressed as mean + standard error of means$jn
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Table 7.4.Viable counts (Log, cfu g*) of starter lactococci, probiotic microorganisnmsl &NSLAB during ripening period of 24 wk agdd 8C
in Cheddar cheeses

Ripening . RiPening Viable counts (Logy cfu g% ,
Period Tempgerature 1 1 i SEM
°C) Batch ' Batch2  Batch 3 Batch 4' Batch 5 Batch 6 Batch 7
Starter lactococci
day 1 - 9.10™® 9.72% 9.57* 9.59* 9.62** 9.74* 9.73*
wk 6 4 9.48%° 9.43* 9.42* 9.38* 9.54* 9.4%® 9.60"
wk 6 8 8.5%¢ 8.68%° 8.50%° 8.48%° 8.73%® 8.54%C 8.49%
wk 12 4 8.67%¢ 8.22%¢ 8.71%® 8.05%° 7.99% 9.05%¢ 7.95%¢ 0.26
wk 12 8 8.10°P 7.61°P 7.46% 7.40°° 8.05°5¢ 7.08%° 7.17%°
wk 24 4 7.93%P 7.69°P 8.64% 7.81°5¢ 8.37%® 8.65°C 7.70°P
wk 24 8 7.41%° 7.15% 7.53% 7.11%¢ 7.23% 6.81%° 7.24%°
Probiotic microorganisms
day 1 - - 8.29 8.38* 8.01*® 8.14* 8.34* 8.19*
wk 6 4 - 8.31* 8.58% 7.97%8 8.28% 8.58% 8.31*
wk 6 8 - 8.38% 8.81* 8.23* 8.54% 8.24% 8.27*
wk 12 4 - 8.10% 8.26™ 7.84%8 8.22% 8.46™ 7.62% 0.28
wk 12 8 - 8.11* 8.35% 8.59% 8.46™ 7.99% 7.67
wk 24 4 - 8.16™ 8.09% 7.52% 8.49% 8.45% 7.76%
wk 24 8 - 8.29% 8.48% 7.87%8 8.26™ 8.03* 7.92%
Non starter lactic acid bacteria
wk 24 4 5.39% 7.43"* 7.44" 7.44" 8.23"" 7.52° 7.61° 0.41
wk 24 8 6.09% 7.94" 8.38™ 8.49"™ 8.44" 8.29™ 8.09™

Probiotic microorganisms added are as detailechlslél7.1. Results are presented as means of &%leaservations (n 6).

2Pooled standard error of means
a®Means in rows with different superscripts are digantly different P < 0.05).

ABCDPMeans in column of the same organism with diffesarerscript are significantly differef® € 0.05).
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Figure 7.2.Concentration of lactic acid (%) in control analpiotic Cheddar cheeses during ripening at {&) @nd (b) 8°C for 24 wk. Results are expressed
as means of a least 6 observations @). Error bar is pooled standard error of mea®$V$ 0.10). Batch codes used are as in Table 7.1.
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Figure 7.3.Concentration of acetic acid (%) in control andlpotic Cheddar cheeses during ripening at {&) @and (b) 8°C for 24 wk. Results are expressed
as means of a least 6 observations @). Error bar is pooled standard error of mea®$V$ 0.04). Batch codes used are as in Table 7.1.
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Figure 7.4.Concentration of citric acid (%) in control anabpiotic Cheddar cheeses during ripening at {&)ahd (b) 8°C for 24 wk. Results are expressed as
means of a least 6 observations (®). Error bar is pooled standard error of meaM$ 0.02). Batch codes used are as in Table 7.1.
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Figure 7.5.Concentration of butyric acid (%) in control antlgiotic Cheddar cheeses during ripening at {&)ahd (b) 8°C for 24 wk. Results are expressed
as means of a least 6 observations @). Error bar is pooled standard error of mea®$$ 0.05). Batch codes used are as in Table 7.1.

172



Chapter 7.0

Table 7.5.Effect of probiotic microorganisms, ripening temgiteres, ripening time and interaction between mtibimicrooganisms, ripening

time and temperatures on composition of cheeseggii counts and organic acid concentrationsnguripening

Variables & Probabilities P)*
interaction pH Moisture  Lactococci Probiotic NSLAB  Lactic acid Acetic acid  Citricacid  Butyric acid
Probiotic

_ _ <0.001 0.604 0.827 0.224 0.728 0.045 <0.001 0.236 0.060
microorganisms (P) ' '
Block (B) 0.458 0.352 0.724 0.815 0.654 0.435 0.538 0.894 0.354
Ripening

0.001 0.013 0.001 0.545 0.544 0.002 <0.001 0.183 0.021

temperature (T) ' '
P*T 0.9103 0.973 0.027 0.111 0.115 0.031 <0.001 0.831 0.622
Ripening time (8§ <0.001 <0.001 <0.001 0.011 <0.001 <0.001 <0.001 <0.001 <0.001
t*P <0.001 0.667 0.466 0.346 0.266 <0.001 <0.001 0.962 0.846
t*T 0.002 0.804 <0.001 0.954 0.812 0.001 <0.001 0.727 0.323
P*T*t <0.001 0.973 0.494 0.996 0.894 <0.001 <0.001 0.999 0.997

Data were analyzed as a split plot design using@mgtinear model procedure of SAS system. The rphihfactors were probiotics (P) and replicatidb®cks) with ripening

temperature (T) as the split-plot factor. This desias additionally split with ripening time (t) additional split-plot factor. Statistical signidince was at leaBt< 0.05.

? Repeated measures over ripening time were pertbemnday 1, wk 6, wk 12, and wk 24 (except for ptd anoisture, which was analysed at day 1 and wk 24)
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Figure 7.6.Concentration (expressed as percentage of tataypn) of A) water-soluble nitrogen (WSN)
(Pooled standard error of mean, SEM = 2.94), Bhioroacetic acid-soluble nitrogen (TCA-SN) (SEM =
0.80), C) phosphotungstic acid-soluble nitrogenAFSN) (SEM = 0.20) during ripening of Cheddar
cheeses at 4 and@for 24 wk. Batch codes are as Table 7.1. Reandtexpressed as mean of at least 6

observations (& 6).
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Figure 7.7. Electrophoretic patterns of SDS-PAGE of Cheddaesks during ripening (day 1, wk 6, 6,
12, 12, 24 and 24) at 4 antC8 Batch codes are as in Table 7.1. Separatedipfoaetions are labeled as
bands 1 to 10. CN = casein, LG = lactoglobullin, BRroad range prestained molecular weight (MW)
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(MW 84,000), ovalbumin (MW 52,000), carbonic antgsk (MW 36,000), soybean trypsin inhibitor
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Figure 7.8.Percentage hydrolysis of-CN (A, B); B-CN (C, D) during ripening of Cheddar cheese ahd &C for 24 wk. Batch codes are as Table 7.1.
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Table 7.6.Effect of probiotic microorganisms, ripening temgteres, ripening time and interaction between jptabmicrooganisms, ripening

time and temperatures on proteolysis of Cheddagsdse

. ' ' Probabilities P)*
Variables & interaction

WSN TCA-SN PTA-SN os1— CN B—CN
Probiotic microorganisms (P) 0.412 0.114 0.027 <0.001 <0.001
Block (B) 0.745 0.588 0.316 0.002 0.118
Ripening temperature (T) 0.064 <0.001 <0.001 <0.001 <0.001
P*T 0.713 0.578 0.003 <0.001 <0.001
Ripening time (t) <0.001 <0.001 <0.001 <0.001 <0.001
t*P <0.001 <0.001 <0.001 <0.001 <0.001
t*T <0.001 <0.001 <0.001 <0.001 <0.001
P*T*t <0.001 <0.001 <0.001 <0.001 <0.001

Data were analyzed as a split plot design usingmtinear model procedure of SAS system. The mhinfactors were probiotics (P) and replicatifncks) with ripening
temperature (T) as the split-plot factor. This dasias additionally split with ripening time (t) additional split-plot factor. Statistical signidince was at leabt< 0.05.

WSN = water soluble nitrogen, TCA-SN = trichlocetic acid soluble nitrogen, PTA-SN = phosphotuiegstid soluble nitrogerss;— CN = percentage hydrolysis @f;—
caseinf — CN = percentage hydrolysis [pf CN.
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Table 7.7.Means overall acceptance of control and probiGtieddar cheeses during ripening at 4 and 8°C fovk24

Ripening Ripening Acceptance scorés

period tem%erature Batch 1 Batch 2 Batch 3 Batch 4 Batch 5 Batch 6 ciBaAt

(wk) (G
6 4 3.5%2 3.41%° 3.08° 2.54" 3.23%¢ 2.97"° 3.372%¢
6 8 3.842 3.29*% 3.08*% 2.49" 3.28%¢ 3.02%¢ 3.33%
12 4 5.782 5.642 5.672 5.752 5.46°%° 5.17% 5.61°3¢
12 8 5.75% 6.65°° 6.36°%° 5.642 5.65°2 5.572 5.8
24 4 6.46° 5.924 5.84° 5.60° 5.53% 5.98°¢2 6.24°¢2
24 8 6.972 6.42°2 5.8F° 5.54° 6.50-2 6.442 6.952

ABCMeans in column with different superscript are gigantly different (<0.05).
ae\Means in row with different superscript are sigrafitly different P<0.05).

'Panelists (n = 15) tested 3 replicates of all Idatians (mean scores were the average of 45 seaeores). Standard error of means = 0.43.
Batch codes are as Table 7.1.
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Figure 7.9.Mean of flavour scores a) Cheddary, b) Bitternes&§our-acid, d) Vinegary of control and probidiheddar cheeses during ripening (wk 6, wk
12 and wk 24) at 4 and® (0 = low intensity, 10 = high intensity). Pantdign = 15) tested 3 replicates of all 14 variati¢mean scores were the average of
45 scores, SEM = 0.331, 0.449, 0.212 and 0.23&Heddary, bitterness, sour-acid and vinegary scogspectively). Batch codes are as Table 7.1.
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Figure 7.10.Mean of texture scores a) Hardness (0 = extresafly 10 = extremely hard), b) Crumbliness (0 mfill0 = extremely crumbly) of control and
probiotic Cheddar cheeses during ripening (wk 6,:kand wk 24) at 4 and®. Sensory panelists (n = 15) tested 3 replicatesl d4 variations (mean
scores were the average of 45 readings, SEM = @ed®.415 for hardness and crumbliness scorgmctagely). Batch codes are as Table 7.1.
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Sensory Correlation of results of chemical analysis and sery attributes scores (r/P)*
Attributes Moisture  Salt Fat Protein pH Lactic Acetic Citric Butyric WSN’  TCA- PTA- Og1— B—
acid acid acid acid SN SN CN?>  CN?
Flavour
Cheddary -0.753 -0.291  0.688 0.303 -0.736  0.738  0.774  -0.753 0.558 0.860 0.917 0.902 0.839  0.770
<0.001 0.062 <0.001 0.051  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Sour-acidic 0.161 0.054  0.082 -0.175  -0.450 0.327 0.491  -0.225 0.036 0.083 0.298 0.421 0.166  0.105
0.308 0.734  0.606 0.267 0.003 0.034 0.001 0.151 0.823 0.600 0.055 0.005 0.292  0.506
Vinegary 0.064 -0.003  0.152 -0.099  -0.367 0.415 0.453 -0.257 0.239 0.197 0.372 0.474 0.217  0.095
0.688 0.987  0.337 0.534 0.017  0.006  0.003  0.100 0.128 0.211 0.015 0.002 0.168  0.501
Bitter 0.508 0.156  -0.361  -0.436 0.130 -0.083 -0.007 0.249 0.102 -0.286  -0.206 -0.130 -0.242  -0.419
0.001 0.323  0.019 0.004 0.413 0585 0.964 0.111 0.520 0.066 0.190 0.411 0.122  0.006
Texture
0.648 0.328 -0.085  -0.390 0.284 -0.292 -0.457 0.348 -0.341  -0.631  -0.351 -0.509 -0.631  -0.613
Hardness <0.001 0.034  0.591 0.011 0.068 0.061  0.002  0.024 0.027  <0.001  0.023 0.001 <0.001  <0.001
Crumbliness  -0-140 0.028  -0.085 0.130 -0.135 -0.061 0.020 -0.056 0.166 -0.002 0.027 0.079 0.078  0.006
0.376 0.859  0.591 0.413 0.394 0.702 0902 0.726 0.295 0.992 0.863 0.620 0.624  0.969
Acceptance -0.899 -0.423 0611 0.448 -0.615 0.574 0.619 -0.617 0.499 0.828 0.831 0.714 0.812  0.780
<0.001 0.005 <0.001 0.003  <0.001 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001

" Correlation between mean scores of sensory atisbaind chemical analysis was expressed as r. iSagttifevel was expressedRs

2 WSN = water soluble nitrogen, TCA-SN = trichloretic acid soluble nitrogen, PTA-SN = phosphoturgatid soluble nitrogern;— CN = percentage hydrolysis @f,— caseinf —

CN = percentage hydrolysis pf~ CN.

181



Chapter 7.0

Table 7.9.Effect of probiotic microorganisms, ripening temgteres, ripening time and interaction between jptabmicrooganisms, ripening

time and temperatures on sensory scores of Chetidases

_ _ _ Probabilities (P)*
Variables & interaction

Acceptance Cheddary Bitterness Sour-acid Vinegary rumBliness Hardness
Probiotic microorganisms (P) 0.006 0.257 0.837 0.008 0.021 0.438 0.689
Block (B) 0.321 0.236 0.128 0.212 0.124 0.128 0.355
Ripening temperature (T) 0.008 <0.001 0.258 <0.001 <0.001 0.521 0.354
P*T 0.953 0.613 0.080 0.512 0.613 0.124 0.341
Ripening time (t) <0.001 <0.001 <0.001 <0.001 <0.001 0.114 0.063
t*P 0.646 0.067 0.030 <0.001 <0.001 0.287 0.214
t*T 0.311 0.001 0.318 <0.001 <0.001 0.384 0.628
P*T*t 0.994 0.868 0.605 <0.001 <0.001 0.969 0.899

'Data were analyzed as a split plot design usingmgétinear model procedure of SAS system. The mhinfactors were probiotics (P) and replicati¢bi®cks) with ripening

temperature (T) as the split-plot factor. This desias additionally split with ripening time (t) additional split-ploffactor. Statistical significance was at leBst 0.05.
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Figure 7.11. Angiotensin converting enzyme (ACE)-inhibitory iaity of control and probiotic Cheddar
cheeses presented as: (a) Percentage ACE-inhibifiowater-soluble extract (WSE) of cheeses during
ripening at 4 and 8°C for 24 wk and (bxdCconcentration of ACE-inhibitory peptides neededihibit 50%

of ACE activity) of WSE of cheeses after ripeningtaand 8C for 24 wk. Batch codes are as Table 1. Error
bar is pooled standard error of mean (SEM = 3.56004 for ACE-inhibition index and Ig respectively).
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Figure 7.12.Peptide profiles of control and probiotic Cheddaeeses after ripenirag (a) 4C and (b) 8C for 24 wk. RP-HPLC conditions as described
in section 7.2.9.
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Figure 7.13.(a) Fractionation by RP-HPLC of WSE obtained franeese made withb. acidophilus LAFTI® L10 after ripening at® for 24 wk (RP-HPLC
conditions as described in section 7.2.9 & secfighl10). Collected fractions are termed with Fda#éd by a number. (b) Angiotensin converting enzyme
inhibitory activity presented as percentage ACE#hitton and 1G, (concentration of ACE-inhibitory peptides neededrthibit 50% of ACE activity) of the
collected fractions from RP-HPLC system. Error isgpooled standard error of mean (SEM = 4.51 a8 for ACE-inhibition index and 1§, respectively).
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Table 7.10.ldentification of ACE-inhibitory peptides collectérom WSE of cheese made with the additioftnfacidophilus LAFTI® L10

after ripening at & for 24 wk

Fractions Sequences

Origin

Experimental  Theoretical

molecular mass molecular mass

(Dalton) (Dalton)
F1 Ala-Arg-His-Pro-His-Pro-His (ARHPHPH) k-CN (f 96-102) 851.7 850.9
F4 Arg-Pro-Lys-His-Pro-lle-Lys-His-GIn (RPKHPIKHQ) as1-CN (f 1-9) 1140.5 1140.4
F4 Arg-Pro-Lys-His-Pro-lle-Lys (RPKHPIK) asi-CN (f 1-7) 877.0 875.1
F4 Arg-Pro-Lys-His-Pro-lle (RPKHPI) as-CN (f 1-6) 745.4 746.9
F15 Phe-Val-Ala-Pro-Phe-Pro-Glu-Val-Phe (FVAPFPEVF)s;-CN (f 24-32) 1053.3 1052.2
Tyr-GIn-Glu-Pro-Val-Leu-Gly-Pro-Val-Arg-Gly-Pro-
B-CN (f 193-209) 1881.2 1881.3

F16
Phe-Pro-lle-lle-Val (YQEPVLGPVRGPFPIIV)
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Figure 7.15. Total area of fractions with ACE-inhibitory actiyicollected from WSE of control (Batch 1,
—nm—), and probiotic Cheddar cheeses (Batch-#—; Batch 3, ©--, Batch 4, —A —; Batch 5, -A--, Batch
6, —e—; Batch 7, -e--) during ripening at 4 and°8 for 24 wk. (a) fraction 1, F1; (b) fraction 4, ;F&)
fraction 15, F15 and (d) fraction 16, F16. Error lsapooled standard error of mean (SEM = 33922338,
139766, 432704 and 671931 for F1, F4, F15 and fespgectively). Batch codes are as Table 7.1.
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Table 7.11. Effect of probiotic microorganisms,emmg temperatures, ripening time and their intewacon ACE-inhibitory activity of Cheddar

cheeses and total area of ACE-inhibitory peptidesnd ripening at 4 and 8°C for 24 wk

_ _ _ Probabilities (P)*
Variables & interaction

ACE-inhibition Fraction 1 ° Fraction 4° Fraction 15° Fraction 16°
Probiotic microorganisms (P) 0.093 <0.001 0.802 0.188 0.118
Block (B) 0.131 0.061 0.993 0.994 0.578
Ripening temperature (T) 0.012 0.001 0.221 <0.001 0.052
P*T 0.139 0.001 0.475 0.001 0.020
Ripening time (t) <0.001 <0.001 <0.001 <0.001 <0.001
t*P 0.003 <0.001 <0.001 <0.001 <0.001
t*T 0.079 <0.001 <0.001 <0.001 <0.001
P*T*t 0.789 <0.001 <0.001 0.005 <0.001

'Data were analyzed as a split plot design usingmgérinear model procedure of SAS system. The rpéon factors were probiotics (P) and replicatigh®cks) with ripening
temperature (T) as the split-plot factor. This dasias additionally split with ripening time (t) additional split-plot factor. Statistical signidince was at leabt< 0.05.
*Total area of ACE-inhibitory fractions of contraicprobiotic cheeses obtained using RP-HPLC duijrening at 4 and 8°C for 24 wk.
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8.0 Influence of probiotic Lactobacillus acidophilus and
Lb. helveticus on proteolysis, organic acid profiles
and ACE-inhibitory activity of Cheddar cheeses
ripened at 4, 8 and 12 °C’

8.1. Introduction

Growing public awareness of diet related healtnasshas fuelled the demand for
probiotic foods. Health benefits for consuming fopbducts containing live probiotic
bacteria are discussed in Chapter 2.0, sectiod.ZZheddar cheese has been found to be an
excellent carrier for probiotic bacteria to the somer (Dinakar & Mistry, 1994; Daigle et
al., 1999). Results from Chapter 7.0 also showed theeses made witbactobacillus
acidophilus LAFTI®L10 had good potential for the development of Claedtheeses with
bioactive properties. It is also possible that blemeficial health effects of cheese can be
increased based on the peptides released as aakpubteolysis during ripening. Cheese
made withLb. acidophilus LAFTI®L10, however, was not the cheese with the higheast |
of proteolysis.

A few studies have reported that increasing ripgrigmperature from 6 to 15°C
offers a technologically simple method to incregseteolysis, thus accelerate cheese
ripening (Law, 2001). The biochemical reaction whigenerates flavour compounds or
flavour precursors in cheese is also accelerateiddrgasing the ripening temperature. An
elevated ripening temperature may, however, actelé¢he loss of starter bacteria prior to
completing lactose utilization (Fox et al., 199Bhe growth of most non-starter lactic acid
bacteria (NSLAB) increases with higher ripening pemature and fermentation of lactose
by NSLAB produces organic acid by-products sucfoasic, acetic, butyric and propionic
acids (Fox et al., 1993). Excess of these compoiumgairs the flavour balance of Cheddar
cheeses. Folkertsma et al., (1996) reported thattdkture of cheeses deteriorated after
prolonged ripening at 16°C. An appropriate ripeniggnperature is thus required to

maintain a balance growth of NSLAB to achieve atinopm cheese quality.

"A version of this chapter has been submitteddarnal of Food Science. Ong, L. & Shah, N.P. (2008b).
Influence of probiotid_actobacillus acidophilus and Lb. helveticus on proteolysis, organic acid profiles and
ACE-inhibitory activity of Cheddar cheeses ripenatl 4, 8 and 1Z. Journal of Food Science
(doi:10.1111/j.1750-3841.2008.00689.x).
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The use of lactobacilli as an adjunct to the norshafter to increase proteolysis and
enhance flavour development during cheese ripehag also been studied by several
researchers (Broome et al., 1990; Lynch et al. 6198 highly proteolytic strain otb.
helveticus added as adjunct in Cheddar cheese was showsddallying ripening releasing
its intracellular enzymes, which led to an increaseproteolysis and improved cheese
flavour (Kiernan et al., 2000). At least 11 pepsesa fromLb. helveticus have been
characterised biochemically and/or genetically udoig the general aminopeptidases
(PepC and PepN); proline-specific peptidases (P&®%)l, PepQ and PepR); dipeptidases
(PepD and PepV); endopeptidases (PepE and PepM)@eptidase (PepT) (Christensen et
al., 1999; Savijoki & Palva, 2000). In addition tiee role of these enzymes to overall
proteolysis during cheese ripening, they may alsatrdute to a release of biologically-
active peptides such as angiotensin convertingreaACE)-inhibitory peptides.

The role of ACE (peptidyldipeptide hydrolase, E@.85.1) in the regulation of
blood pressure and cardiovascular function areudsed in section 2.6.1. Inhibition of ACE
is considered a useful therapeutic approach irinrexat of hypertension. The first reported
competitive inhibitor of ACE is the naturally occung peptides in snake venom (Ondetti et
al., 1971). ACE-inhibitory peptides have been itmdafrom milk fermented with_b.
helveticus CPN4 (Yamamoto et al., 1999)b. helveticus LKB-16 H (Seppo et al., 2002),
Lb. helveticus CHCC637 and CHCC641 (Fuglsang et al., 2003), anmixad-strain starter
consisting oL b. helveticus and Saccharomyces cerevisiae (Nakamura et al., 1995).

Lb. helveticus H100 and probiotid-b. acidophilus L10 used in this study were
selected based on the proteolytic activity, prolealth effects, superior stability and ability
to survive through gastro-intestinal tract (Mclritost al., 1999; Pidcock et al., 2002;
Gunaranjan et al., 2007). To date, very few stubase evaluated the influence of ripening
temperatures on the survival of probiotic bactarn&heddar cheeses. Most of the studies
pertaining to production of the ACE-inhibitory pejgs were performed in fermented milk
or yoghurt with proteolytic strain of lactic aciédieria (LAB) mainlyLb. helveticus. Only
a few studies have investigated the release of Athbitory peptides in cheeses made with
the addition of probiotic bacteria. The objectivet this study were to improve the
proteolysis and the ACE-inhibitory activity of priotic cheeses made witth. acidophilus
LAFTI®L10 adjunct and to study the influenceldf. helveticus andripening at 4, 8 and
12°C on composition of cheeses, organic acid profisteolysis and ACE-inhibitory
activity of Cheddar cheeses.
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8.2. Materials and Methods
8.2.1. Cheese starter culturd,actobacillus adjunct and probiotic organism

A cheese starter culture consistingLaictococcus lactis subsp.lactis andL. lactis
subsp.cremoris was obtained from DSM Food Specialties Pty. Ldodrebank, NSW,
Australia) in freeze-dried form. The probiotich. acidophilus LAFTI®L10 and Lb.
helveticus H100 were obtained from DSM in frozen forib. helveticus H1188, H474,
H1315 were obtained from Australian Starter Cul@atlection Center (ASCC) (Werribee,
Australia). The starter culture was activated bywgng two times at 3 overnight in 12%
(w/v) sterile reconstituted skim milk (RSM), wheseae probiotid_b. acidophilus L10 and
Lb. helveticus H100, H1188, H474 and H1315 were activated by gngwivo times at 3C
overnight in 12% (w/v) RSM.

8.2.2. Cheddar cheese making

Cheddar cheeses were made with 20 L pasteurizdédamd 1.5% (v/v) inoculum of
the mixed strain starter culture using a pair aftom made cheese vats. Three batches of
Cheddar cheeses were made. The first batch wasiteoconade with starter lactococci
(1.5% v/v) only (control), the second batch was enatth starter lactococci (1.5% v/v) and
Lb. acidophilus L10 (1.2% v/v) (L10), while the third batch was neadvith starter
lactococci (1.5% v/v)Lb. acidophilus L10 (1.2% v/v) and.b. helveticus H100 (1.2% v/v)
(H100). Each batch of cheeses was made in triplicate aiodabof 9 batches of cheeses
were made. All 9 batches of cheeses were made mdpdo 5 days with the same lot of
pasteurized milk.

Cheeses were made according to the procedure esbaelsin section 3.2.2. Fresh
cheese was removed from the mould, packed in oxigener Cryoval bags (Cryovat
Pty. Ltd., Fawkner, Vic, Australia) and heat seahdth a Multiva® vacuum packaging
equipment (Multivac Sepp Haggenmiuiller, Wolfertscgden, Germany). Each batch of the
cheeses was divided into three equal portions aemj@ed to three ripening temperatures
(4, 8 & 12C) and ripened for 24 wk.

192



Chapter 8.0

8.2.3. Cheese composition

The composition of the cheeses including the &ltmoisture, protein contents and
pH of the cheeses were determined according tm#thods described in section 3.2.3.

8.2.4. Viability of bacteria in cheeses

Counts of the starter bacteria, probiotic organamd Lb. helveticus adjunct were
enumerated in ripened milk, cooked curd, whey, dheed curd, pressed curd (fresh
cheese) and in cheese samples at day 1 (beforgngpeand at wk 6, wk 12 and wk 24.
The curd and Cheddar cheese samples (11g) wetedlilu 99 mL of sterile 2% (w/v) tri-
sodium citrate (Oxoid Ltd., West Heidelberg, Vicusiralia) at 48C. Each sample was
macerated in a stomacher 400 laboratory blendevgeMedical, London, UK) for 4 min
at high speed in stomacher bags to obtain slumytie first dilution and subsequent serial
dilutions were performed in 0.15% (w/v) peptone arader solution (Oxoid). The milk and
whey samples were diluted directly in 0.15% peptane water solution. Appropriate
dilutions were pour-plated.

Starter lactococci were enumerated using M17 ddardk, South Granville, NSW,
Australia) incubated at 8G under aerobic condition for 72 h (Terzaghi & Sasgd1975).
NSLAB was enumerated using LBS agar (Merck) incetbaat 36C for 72 h in an
anaerobic jar (Becton Dickinson Microbiology Sys&mSparks, MD, USA) with a gas
generating kit (Oxoid).

Lb. acidophilus L10 was enumerated using reinforced clostridiatheelmycine agar
(RCA-clindamycine). RCA (Oxoid) was prepared acaogd to the manufacturer
instructions. To prepare RCA-clindamycine agar, | l06f the 0.05% (w/v) filter-sterillised
clindamycine (Sigma-Aldrich, St. Louis, MO, USA)sk solution was added to molten
RCA agar (pH 5.5) along with 2 mL of 0.2% (w/v) brocresol green (Sigma-Aldrich)
stock solution just before pouringb. helveticus HL00 was enumerated using MRS agar
(pH 5.4) incubated at 45°C for 3 days.

8.2.5. Organic acid analysis

Concentrations of lactic, acetic, citric, propioaled butyric acids in cheeses during
ripening were determined using high performanceaiidigchromatography (HPLC) as

described in section 3.2.5.
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8.2.6. Proteolytic activity of adjunct bacteria in recongtted skim milk

All organisms were grown overnight at°87in MRS broth (Merck). To minimize
carryover of free amino acids during inoculatior) L of cells were washed and
resuspended to the original volume with 0.32 mMiwwdphosphate, pH 7.2. Cells were
inoculated (2%) into RSM (12% wi/v) and incubatedhatir optimum temperatures (&)
for 18 h. The proteolytic activity of the organismas determined using the-
phthaldialdehyde (OPA) method as described in eai2.6.

8.2.7. Assessment of proteolysis

Proteolysis of the cheeses was assessed by estntlagi amount of soluble nitrogen
in water, 12% trichloroacetic acid (TCA; Sigma-Atd) and 5% phosphotungstic acid
(PTA; Sigma-Aldrich) using the Kjeldahl method as\pously described in section 3.2.6.

8.2.8. Sensory evaluation of cheeses

Staff and students of Victoria University were ret@d as sensory panelists for a
series of acceptance rating test (n = 15) andrsgaest for specific attributes (n = 15). The
panelists were familiar with basic sensory evabratiechniques for Cheddar cheeses and
were further trained for their ability to detectecldary flavour, sour-acid taste, bitterness
and vinegary taste as previously described in @ed&i2.2. Prior to sensory evaluation they
also participated in briefing sessions. All parslisigned a Victoria University human
subject’s consent form (Appendix A.1).

Sensory evaluation was conducted for the cheeses rgdening for 6, 12 and 24
wk. A total of 27 cheeses (9 variations and 2 ogpis) were presented to the panelists in
randomly order over a period of five days. Cheadmes from the three replications of the
same batch were mixed randomly so that all repdoat from the same batch were
presented equal number of times. One hour pricsetwsory evaluation, cheese samples
were removed from the refrigerator and cut intacese(about 1.5 x 1.5 x 1.5 cm in size)
and placed on white plates coded with a randongB-dumbers. Panellists had access to
deionized water and unsalted water crackers todlegmse their palates.

For acceptance rating test, panellists were in&duto evaluate their perception of

the overall acceptance of the cheeses on a 10-pbémisity scale (1 = dislike extremely, 10
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= like extremely). Prior to tasting, panellists queted a questionnaire on frequency of
cheese consumption (<1 once per wk, 2-3 times Bedvk times per wk, or >5 times per
wk) and cheese preference (mild, medium or sharpumn@@ cheese). Panellists also
evaluated specific flavour and texture attributedyich included sour-acid, vinegary,
bitterness, creaminess, cheddary intensity, hasdesl crumbliness using a 10-point

intensity scale as per the method described inosebt2.2.

8.2.9. Determination of ACE-inhibitory activity of cheesesater-soluble extract (WSE)

Cheese WSE was prepared as per the method descnbsection 6.2.2. The
extracts were concentrated by freeze drying (DyoavB300; Airvac Engineering Pty.
Ltd., Rowville, Australia) at -2 and —100 kPa for 72 h. The freeze-dried WSE Wweas t
stored in vacuum at -2Q for determination of ACE-inhibitory activity.

The ACE-inhibitory activity of the freeze-dried WSkEas measured using the
spectrophotometric assay of Cushman and Cheund.YH87described in section 6.2.4. The
ACE-inhibitory activity of the cheeses was also regsed as I§ (the concentration of
ACE-inhibitory peptides needed to inhibit 50% of B@ctivity). The 1G, was determined
as per the method described in section 6.2.4 akd &vith modification. The 16 was
determined using graphical extrapolation by plgttiACE-inhibition as a function of
different protein concentrations. To create a giatcorrelation between ACE-inhibition
and protein concentration, each sample was adjustecht least three levels of
concentrations by standard volume dilution. Thetero content of the samples was
determined using the Folin-Lowry method (Lowry dt, d951). The IG was then
determined from the linear regression as the pratencentration in the sample required to
inhibit 50% of the ACE activity.

8.2.10. Statistical analysis

One-way analysis of variance was used to estaliféerences between means of
data obtained from OPA-analysis (Minitab Inc, St@mllege, PA, USA). Data obtained
during ripening was analyzed as a split plot inetidesign using General Linear Model
procedure of the SAS system (SAS Inst. Inc., CH§, USA). Multiple comparisons of
means were achieved using pdiff option (t — teBte main plot factors were variation in
adjunct bacteria (Control, cheeses made with stactkure only; L10, cheeses made with
starter culture andlb. acidophilus L10 adjunct; H100, cheeses made with starter altur
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Lb. acidophilus L10 and Lb. helveticus H100 adjuncts) and replications (blocks) with

ripening temperatures (4, 8 & A2 as the split-plot factor. This design was addiilly
split with ripening time (day 1, wk 6, wk 12 & wkd4P as additional split-plot factor. All
significant differences were at led®t 0.05. All results presented are means of at l@éast
observations (& 6). Simple linear correlation analysis was useddi@rmine a relationship

between mean scores of sensory attributes andfticaemical analysis.

8.3. Results and discussions

8.3.1. Cheese composition

The composition of control, L10 and H100 cheeseslanaith or without the
addition ofLb. helveticus H100 and/oiLb. acidophilus L10 ripened at 4, 8 and 12°C after
24 wk is summarized in Table 8.1. At the end péning period of 24 wk, the percentage
of salt, fat and protein remained relatively constia all cheeses stored at 4, 8 and 12°C (
> 0.05). The moisture content, however, reducedifstgntly after 24 wk P < 0.05). The
changes in moisture content after ripening wasifsigmtly affected by the interactions of
time x temperature and time x adjunct bacteria @ 8). Moisture content of control and
L10 cheeses ripened at 12°C was significantly lo{ilex 0.05) than that ripened at 4°C
after 24 wk. The pH of the cheeses also reduceatfisigntly after 24 wk of ripening at 4, 8
and 12C; the extent of the decrease depended on factms as adjunct bacteria,
temperature, time and interactions between thefadP < 0.05) (Table 8.2). The cheese
curd normally contains about 0.8 to 1.5% lactos¢hatend of manufacture (Fox et al.,
1993). Acid production during ripening is normatlye to the residual lactose fermentation
by the cheese microflora, mainly the starter bat¢3ingh, et al., 2003). The decrease in
pH during ripening could also be attributed to iterease in organic acid concentration as
will be discussed below. The pH of the control, lak@ H100 cheeses was not significantly
different before ripening (day 1P (> 0.05). After 24 wk of ripening at 4, 8 and 12t0e
pH of L10 and H100 cheeses was significantly lotiran that of the control cheede €
0.05). This finding is in agreement with that repdrby Madkor et al. (2000) that adjunct

lactobacilli also metabolized residual lactoseh@ theese curd and produced acid.
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8.3.2. Viability of bacteria in cheeses

The survival and growth of starter lactococci, potib bacteria, NSLAB and.b.
helveticus adjunct were determined during different stagesCbeddar cheese-making.
Cheese-milk for different batches of the cheesest(ol, L10 and H100) were inoculated
with the same concentration of starter lactocoect (0.05). There were about 16fu g* of
starter lactococci in the milk at the beginningcbkeese-making process, which increased
significantly ® < 0.05) during milk-ripening, cooking and cheddgrireaching about £0
cfu g* at the end of the process (Figure 8ThHere was about 1@&fu g* of Lb. acidophilus
L10 in the milk at the beginning of cheese-makimgcpss, which increased by about one
log at the end of the process (Figure 8.1). Thentoof starter lactococci among control,
L10 and H100 cheeses during cheese-making wereg\tewnot significantly different
> 0.05). Also, addition oLb. helveticus to the probiotic cheeses (H100) did not affect the
count of the probiotic bacteria during cheese-mgih> 0.05).

Viability of starter lactococci and NSLAB in Cheddeheeses during ripening for
24 wk at 4, 8 and 12°C are shown in Figure 8.2. ddwnts of starter lactococci decreased
significantly as the ripening period increas@d< 0.05; Figure 8.2a), probably due to the
unfavorable conditions in cheeses such as low veativity, low redox potential, low pH,
high salt and lack of fermentable carbohydrate. Thant of starter lactococci during
ripening was significantly affected by factors sashadjunct bacteria, temperature and time
and interactions between the factoPs < 0.05) (Table 8.2). The lower count of starter
lactococci in L10 and H100 cheeses as compareaatoof the control was possibly due to
the low pH of cheeses made with adjunct bacterraestioned previously.

Non starter lactic acid bacteria are not delibédyadelded as a part of the starter
culture but are contaminants which gain acceskda@heese during cheese-making stage or
survive milk-pasteurization in an attenuated s{Beresford & William, 2004). NSLAB are
chiefly composed of lactobacilli such Bb. plantarum, Lb. casel andLb. brevis (Gardiner
et al., 1998) and can impact on cheese qualityth beneficial and detrimental ways. The
presence of NSLAB in commercial cheeses is assatiaith the development of more
intense Cheddar flavour in a shorter time (Puchatles., 1989). In our study, the count of
NSLAB was expressed as the count of total lactdipawhich included the contaminants,
Lb. helveticus adjuncts and/or probiotic bacteria.

The count of NSLAB during ripening was significantiffected by factors such as
adjunct bacteria, time and interactions betwee tinadjunct bacteria, time x temperature,

time x adjunct bacteria x temperatuRe< 0.05) (Table 8.2). Although no lactobacilli were
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added (Figure 8.1), there was 2.11lpgfu g* NSLAB in control cheese at day 1 (Figure
8.2b). The count of NSLAB increased to 7.5:tpgfu g*in control cheeses ripened at 12°C

and only to about 5.5 log cfu'dn control cheeses ripened at 4 and 8°C after 24Thile
level of NSLAB in our study is in agreement withathreported by Peterson and Marshall
(1990) for commercially produced Cheddar cheesemi et al. (1987) and Folkertsma et
al. (1996) also reported that elevation of ripeni@perature from 7 to 1@ resulted in a
more rapid development of NSLAB in cheeses.

Viability of probiotic bacteria andlb. helveticus H100 adjunct in Cheddar cheeses
during ripening for 24 wk at 4, 8 and 12°C is shoinnFigure 8.3. The count of the
probiotic bacteria during ripening was significgntiffected by factors such as adjunct
bacteria, temperature, time and interactions betvilee factors® < 0.05) (Table 8.3)Lb.
acidophilus L10 survived better at lower ripening temperatifgre 8.3a). The count of
the probiotic bacteria remained at 2Hu g*in L10 cheeses ripened at 4 afd &fter 24
wk. There was about one log reduction in countrobmtic bacteria in L10 cheeses after
24 wk of ripening at 12°C. Probiotic bacteria coohH100 cheeses was also significantly
lower than that of L10 cheeseB € 0.05). There was a possible competition for ghowt
factors such as nutrients between Ithe helveticus and the probiotic bacteria in the H100
cheeses during ripening. The count of probiotictdrée was <1Bcfu g'in the cheese with
the addition ofLb. hevelticus H100 after 24 wk of ripening at 12°C. The countLdf
helveticus in H100 cheeses during ripening at 4, 8 and 12°@epicted in Figure 8.3b.
Count of Lb. helveticus adjunct in H100 cheeses ripened at 12°C was lowan that
ripened at 4 and 8°C. The lower counts of adjuactdria in cheeses ripened at 12°C were
also reflected in the NSLAB (total lactobacilli) wats of L10 and H100 cheeses (Figure
2b).

8.3.3. Concentration of organic acids

Glycolysis is an essential biochemical event dutimg production of cheeses. It
involves the conversion of lactose to sugar camstits or organic acid by LAB. About 98%
of the lactose in milk is lost in whey during cheasaking and a relatively small amount of
lactose remains in the cheese curd (Fox et al3)19%is residual lactose can be fermented
by starter and NSLAB leading to the production ajamic acids. The metabolic activity of
the microorganisms in the cheeses was monitoredshiynating the metabolic products
including lactic, acetic, citric, propionic and prit acids during ripening at 4, 8 and 12°C

for 24 wk (Figure 8.4). An increase in concentnatgturing ripening was observed in all

198



Chapter 8.0

organic acids analysed except for citric acid. Thecentration of organic acids measured
in this study (lactic, acetic, citric and propionacids, except for butyric acid) was

significantly P < 0.05) affected by factors such as adjunct bagtéemperature, time and

interactions between time and the factdPs<( 0.05) (Table 8.2). Significant interaction

between adjunct bacteria x temperature was alsereds for the concentration of citric and

propionic acidsR < 0.05) (Table 8.2).

Lactic acid was present in much greater abundahee bther organic acids.
Formation of lactic acid is essential for flavowvdlopment and keeping quality (Upreti et
al., 2006). Concentration of lactic acid increasigphificantly as the ripening time increased
in all cheesesH < 0.05) (Figure 8.4a). The largest increase in entration of lactic acid
was during the first 6 wk of ripenindy.. lactis subsp lactis andL. lactis subsp.cremoris
metabolize lactose to L(+) lactic acid; the glucos&ety is metabolized via the Embden-
Meyerhof (EM) pathway while galactose is metabalizé the tagatose pathway. Upreti et
al. (2006) made a similar observation that thedsrglecrease in lactose content and thus
the formation of lactic acid occurred at day 1 iplening and that starter bacteria had
minimal ability to metabolize residual lactose hretcheeses after day 1. St-Gelais et al.
(1991) also observed an increase in lactic aciderdrfrom day 1 to 2 mo of ripening at
4°C; thereafter, lactic acid content did not changgl the end of the ripening period of 6
mo. This finding illustrates the possibility of bebd-fermentation during cheese ripening
that will occur in order for starter bacteria ta\8ue and for NSLAB to grow. Figure 8.4a
shows that the concentration of lactic acid duripgning in cheeses ripened at 8 and 12°C
was significantly higher than that at 4°E € 0.05). Cheeses with lactobacilli adjuncts also
had significantly higher concentration of lactiddathan the control chees® & 0.05).
Lactobacillus sp. converts galactose via the Leloir pathway to ghec6-P, which is then
metabolized to DL-lactate via the EM pathway (Fbzalg 1993).

Acetic acid was detected in all cheeses at levéistwincreased with time (Figure
8.4b). McGregor and White (1990) and Bouzas e(1#193) also reported acetic acid to
increase steadily over the maturation period. Acetid can be produced from citrate,
lactose and amino acids (Aston & Dulley, 1982).ufgy8.4b shows that concentration of
acetic acid was significantly highd? € 0.05) in cheeses with the additionLaictobacillus
sp (L10 and H100 cheeses). This increase couldibealthe higher amount of free amino
acids in cheeses produced with the additiorLaxftobacillus adjuncts, as discussed later
(Figure 8.5), which might have served as precurgorsthe formation of acetic acid.
Molimard and Spinnler (1996) confirmed that acedicid can be produced from the

degradation (oxidative deamination or decarboxgigtof amino acids (alanine and serine).
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Concentration of acetic acid in L10 cheeses wassigmiificantly different to that of H100
cheeses after 24 wk ripening at 4, 8 antC1(° > 0.05).

The concentration of citric acid decreased as iffenig time increasedP(< 0.05)
(Figure 8.4c). Addition oLactobacillus sp. and higher ripening temperatures also increased
the rate of hydrolysis of citric acid (Figure 8.4C)itric acid was not detected in L10 and
H100 cheeses after 24 wk of ripening at 12°C. Troi®87) reported that citrate in the
Cheddar cheeses was found to decrease slowly tosalpero at 6 mo, presumably as a
result of metabolism by lactobacilli, which becathe major component of the NSLAB
flora. Citrate is involved in the Krebs or citricid cycle, where it acts both as a substrate
and a product. Citrate can be used as a substyatérbte-fermenting strains of LAB to
produce pyruvic acid, carbon dioxide, and acetil dBouzas et al., 1993). The later
reference also reported that the disappearancefrai&ric acid in cheeses ripened at 12°C
was significantly higherR < 0.05) than that ripened at a lower temperature.

Propionic acid was only detected in the cheesdbeatater stages of ripening in
particular after 12 wk (Figure 8.4d). Propionicdagras not detected in 24 wk old control
cheeses ripened at 4°C. Traces of propionic aodgekier, were detected in control cheeses
ripened at 8 and 12°C. Cheeses with the additiohaofobacillus sp. (L10 and H100
cheeses) had higher concentration of propionic #m@d the control cheeses, especially in
those ripened at 8 and 12°C. Thbk. helveticus adjunct used in this study appeared to
release propionic acid as a part of their metalmiaducts. The concentration of propionic
acid in H100 cheeses was significantly higher ttieat of the control and L10 chees@s
0.05). deLiano et al. (1996) reported an increasgropionic acid concentration in 8 mo
pickled white cheese at the end of ripening andaéxed that the increase might be due to
the action of esterases and lipases of the stimttwcocci and NSLAB. Some strains of
Lactobacillus were reported to produce propionic acid (Ocandal.et1993). Proteolysis of
side chains of amino acids from casein, and nocHip@sterase activities have also been
suggested to be the sources of propionic acid guriaturation of cheeses (Bouzas et al.,
1993; deLiano et al., 1996). In our study, onlynaa amount of butyric acid (< 0.05%)
was detected in the cheeses during ripening. Ndcpkr trend was observed in the
concentration of butyric acids, although other gtins reported a gradual increase in
butyric acid over a 6 mo ripening period, attriltlite the action of esterases and lipases of
starter lactococci and NSLAB (deLiano et al., 1996)
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8.3.4. Assessment of proteolysis

The OPA-based spectrophotometric assay detectgelbaseda-amino groups,
which result from the proteolysis of milk proteirtbus giving a direct measurement of
proteolytic activity. The proteolytic activities iIRSM of Lb. helveticus strains (H100, H
1188, H474, H13153nd probiotic bacteri®. longum 1941, B. animalis LAFTI®B94, Lb.
casel 279,Lb. casel LAFTI®L26, Lb. acidophilus 4962 and_b. acidophilus LAFTI®L10 is
presented in Figure 8.5. The proteolytic activityhese bacterial strains is expressed as the
amount of free amino groups measured as a differeanabsorbance values at 340 nm, after
substraction of values for the control RSM. As shaw Figure 8.5, alLb. helveticus sp.
had significantly higher R < 0.05) proteolytic activity as compared to the kpotic
microorganisms, releasing higher amount of freenangroups. Among theb. helveticus
strains, only commercial straicb. helveticus H100 was used in the cheese-making. The
proteolytic activities of othelb. heveticus strains 1188, H474 and H1315 are presented just
for comparison purposd.b. helveticus H100 had considerably high proteolytic activity
when compared to othéb. helveticus strain analysed (Figure 8.5).

Proteolysis in the cheeses during ripening wassasskeby analysing the proteolytic
indices including water-soluble nitrogen (WSN),clibroacetic acid-soluble nitrogen
(TCA-SN) and phosphotungstic acid-soluble nitrogl@mA-SN). Proteolysis contributes to
the development of cheese texture via the hydmlgsiprotein matrix of cheese, via the
increase in pH through the production of NFom amino acids catabolism and by
increasing the water-binding capacity of the cuhdotigh the formation of neve—
carboxylic anch—amino groups produced during hydrolysis of peptideds (Upadhyay, et
al., 2004). Proteolysis also contributes to flavotithe cheese through the liberation of
short peptides and amino acids, some of which maye hflavours, and through the
production of amino acids as a precursor for aeawfgcatabolic reactions which produce
many important volatile compounds (McSweeney & @02900). Intensified proteolysis
generally leads to an accelerated ripening of tfeelyct, which is desired as long as no
effect on the storage quality is encountered.

The ratios of WSN, TCA-SN and PTA-SN to total ngem (TN) of Cheddar
cheeses during ripening at 4, 8 and 12°C for 24mkpresented in Figure 8.6. The level of
WSN in the cheeses increased with time (Figure)8éa was significantly affected by
interaction of time x adjunct bacteria, time x tesrgiure and time x adjunct bacteria x
temperature (Table 8.2). The increase was the damering the first 6 wk of ripening.

WSN is primarily the product of proteolysis fromsidual rennet or from proteinases
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present in the curd such as plasmin or cell eneejmpteases from the cheese microflora
(Sousa et al., 2001). WSN in L10 and H100 cheeftes 24 wk of ripening at 4, 8 and
12°C was significantly higher than that of the cohtheeses (Figure 8.6d) € 0.05). This
result indicates the contribution of proteolyticzgme released by the probiotid.
acidophilus L10 andLb. helveticus H100 adjuncts in increasing the proteolysis at ligvel.
Increased in ripening temperature also improvedptio¢eolysis of the cheeses. The WSN
of L10 cheeses ripened at 12°C after 24 wk of fipggnvas significantly higher than those
ripened at 4 or 8°CA(< 0.05). The pH of L10 and H100 cheeses ripendugater ripening
temperature (8 and Q) was significantly lower than that atGt The difference in pH
may also contribute to the changes in primary migges, since proteinase such as plasmin
is not active when pH is below 5.2.

Concentration of TCA-SN of control, L10 and H100Gekes during ripening was
significantly affected by factors such as adjurattbria, temperature, time and interactions
between time x adjunct bacteria, time x temperatame time X adjunct bacteria x
temperature (Table 8.2). The concentration of T&®M-increased progressively as the
ripening time increased(< 0.05) (Figure 8.6b). Fox et al. (1993) reportedalt rennet and
bacterial proteinases and peptidases are resperisibthe formation of some of the 12%
TCA-SN. Level of TCA-SN during ripening was sigedintly higher in L10 and H100
cheeses than that of the control cheeBes 0.05). This increase indicated the contribution
of adjunct bacterial proteinases and peptidasesitgctincreased in ripening temperature
also increased the TCA-SN of the cheeses duringnmg. Concentration of TCA-SN
between L10 and H100 cheeses during ripening wagever, not significantly differen®(
> 0.05).

The level of PTA-SN has been widely used as anxirmddree amino acids (FAA)
in cheeses (Fox et al., 1993). PTA-SN is producechgrily by the action of microbial
peptidases. Concentration of PTA-SN of control, lak@ H100 cheeses during ripening
was significantly affected by factors such as adjubacteria, temperature, time and
interactions between the factors (Table 8.2). Tovecentration of PTA-SN increased with
time and with higher ripening temperatures (FigBu@c). The concentration of PTA-SN in
cheeses with the addition bb. helveticus HL00 and/or probioti¢.b. acidophilus L10 was
also significantly higherR < 0.05) than that of the control cheeses.

The high levels of soluble nitrogen in the L10 aHAOO cheeses reflect the
contribution of the adjunct bacteria in promotingre proteolytic activity in cheeses.
Addition of Lb. helveticus in the probiotic cheese (H100 cheese) did notifsigmtly
improve the level of PTA-SN during ripening as cargal to that of L10 cheeseB ¢
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0.05). Kiernan et al. (2002) reported that a dechimLb. helveticus during ripening of
Cheddar cheeses increased the level of intraceluaymes in the cheeses that led to an
increase in proteolysis. The decline in countd lof helveticus in our study (Figure 8.3b)
was less than that reported by Kiernan et al. (RGORich possibly explains as to why there
was no increase in proteolysis of cheeses withatldition ofLb. helveticus adjunct. The
use ofLb. helveticus strain with strong autolytic activity rather thatromg proteolytic
activity would possibly be better for increasingtaolysis of cheeses. In addition to that, as
the pH of H100 cheese reach about 4.6, casein doeak would stop as casein is not
soluble at this pH (Fox et al., 1993). The low gtither explain why proteolysis slow

down at the later stage of ripening when the pithefcheese reach about 4.6 (Figure 8.6a).

8.3.5. Sensory evaluation of cheeses wltactobacillus sp.adjunct

Acceptability of the Cheddar cheeses stored atahd12 C after ripening for 6, 12
and 24 wk is shown in Table 8.3. Despite the imprognt in the secondary proteolysis of
cheeses with the addition @fctobacillus sp., the acceptability of the cheeses (L10 and
H100) was not significantly higher than the contadleese B > 0.05). There were
significant effects of the type of adjunct microangsms used, ripening time, ripening
temperatures and their interactions on the acceetaoores of the cheesd® € 0.05)
(Table 8.4). At the early stage of ripening (12 wkheeses with the addition of
Lactobacillus sp. received a significantly lower acceptance exdhan the controlP(<
0.05). The acceptability of the cheeses wi#atobacillus sp., however, improved and was
comparable to the control cheese after prolongeehimng (24 wk). The acceptability at the
early stage of ripening was probably influencedthy lower pH (Table 8.1) and higher
concentration of lactic acid (Figure 8.4a) of tmelpotic cheeses as compared to the control
cheeses. As the ripening time increased, thereawascrease in the production of peptides
and free amino acids in probiotic cheeses (Figusg &ree amino acids are precursor for
flavour development. The release of other flavaamponents probably masked the acidity
and improved the flavour of the cheeses Wi#ttobacillus sp. at 24 wk (L10 and H100
cheeses).

Scores for specific attributes (sour-acid, vinegéitterness, creaminess, cheddary,
hardness and crumbliness) of the cheeses ripengd8aand 12ZC at 6, 12 and 24 wk are
shown in Figure 8.7. Scores for cheddary increasethe ripening period increased in all

cheeses (Figure 8.7). There were significant effettthe type of adjunct microorganisms
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used, ripening temperatures and ripening time enctieddary scores of the cheedes (
0.05) (Table 8.4). The increased in ripening terapges improved the scores of cheddary.
Improvement in the proteolysis and the increaseceotmation of organic acid of the
probiotic cheeses was also reflected on the sggmfly higher P < 0.05) cheddary scores
of these cheeses as compared to the control chegseentioned previously, the counts of
starter lactococci decreased faster in L10 and Hit¥keses. Early studies showed that
Cheddar cheese had good flavour when the starégl eshibited poor survival in cheese
(Kenny et al., 2006). Autolysis of starter bactendhe cheeses allows the releases of their
intracellular enzymes during ripening and may thcselerate cheese ripening and improve
the cheddary flavour. Addition dfb. helveticus H100 to the probiotic cheeses, however,
did not improve the cheddary scores of the probiciteese any further (Figure 8.7).

Sensory panels scored the sour-acid attributes16f and H100 cheeses higher,
especially at the early stage of ripening (Figui®.8The scores of vinegary were rated very
low in all cheeses (Figure 8.7). There were sigaiit effects of the type of adjunct
microorganisms used, ripening time, ripening terapges and their interactions on the
scores for sour-acid and vinegary € 0.05) (Table 8.4). The scores of sour-acid and
vinegary were higher in L10 and H100 cheeses aganed to the control cheeses (Figure
8.7).

Accumulation of hydrophobic short peptides, origimg from as-CN or B-CN may
cause bitterness in cheeses. Scores of bitternetbe aarly stage of ripening were not
significantly different P > 0.05) among control cheese, L10 and H100 chd€sgsre 8.7)

It is interesting to note that bitterness in theeades increased up till 12 wk and decreased
after that period in the probiotic cheeses espgcial the cheeses that received higher
degree of proteolysis or ripened at higher tempeeat (Figure 8.7). Proteolytic enzymes
from probiotic Lb. acidophilus LAFTI®L10 and Lb. helveticus H100 could probably
degrade the bitter peptides and the proteolytieviactof these microorganisms were
optimized when the cheeses were ripened at 8 af@ 48 compared t0°@. Scores for
creaminess decreased as the ripening time and tetape increased (Figure 8.7).
Creaminess or milky taste is one of the charat¢ies$ young cheese. During ripening, the
liberation of the flavour components and the inseeh concentration of organic acid
reduced the creaminess of the cheeses. This wasiakp apparent in 24 wk L10 and
H100 cheeses.

Scores for hardness at the beginning of the rigemeariod were higher in the
cheeses with the addition @hctobacillus sp. as compared to the control cheese (Figure

8.7). The hardness of the cheeses with adjuresttobacillus, however, decreased
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significantly after 24 wk possibly due to the inesed proteolysis?(< 0.05). Crumbliness
of the cheese decreased significantly with tinrRe<( 0.05) and cheeses with adjunct

Lactobacillus sp. were also regarded as less crumbly (Figune 8.7

8.3.6. ACE-inhibitory activity of cheeses WSE

The increase in proteolysis in cheeses with adgurEcteria (L10 and H100
cheeses) indicated that more peptides were relaéasedhe cheeses as compared to the
control cheeses. Some peptides released duringimgpef probiotic Cheddar cheeses were
potential ACE-inhibitory peptides (Chapter 6.0,t8@t 6.4 & Chapter 7.0, section 7.3.11).
The ACE-inhibitory activity of control, L10 and HQGcheeses during ripening at 4, 8 and
12°C is depicted in Figure 8.8 and Table 8.2 shtivespercentage of ACE-inhibition as
affected by factors such as adjunct bacteria, teatpe, time and interaction among the
factors P < 0.05).

The ACE-inhibitory activity of WSE of the cheesesalyzed at 6 wk intervals
increased with time and was maximum at 24 wk intrabrand L10 cheeses (Figure 8.8a).
Probiotic cheese with adddd. helveticus (H100 cheese), on the other hand, had the
highest ACE-inhibitory activity at 12 wk. The pentage of ACE-inhibition of H100
cheeses at 24 wk was significantly lower than atwk2(P < 0.05). As shown in Figure
8.8a, ACE-inhibition of L10 cheeses was also sigaiftly higher than that of the control
cheeses after 24 wk of ripening at 4, 8 and 12PC<(0.05). Increased in ripening
temperature from 4 to 8 and 12°C also further impdothe ACE-inhibition of L10 cheeses.
ACE-inhibitory activity of the cheeses is also eegmed as I§ (concentration of the
sample required to inhibit 50% of the ACE activi{ffigure 8.8b). As shown in Table 8.2,
the 1Gso of control, L10 and H100 cheeses was significaatfected by adjunct bacteria,
temperature, time and interaction between adjuactdia x temperature, time x adjunct
bacteria, time x adjunct bacteria x temperatére (0.05). The interaction between time and
temperature did not significantly affect thesd©f the cheese$(> 0.05). IG, among L10
cheeses ripened at 4, 8 and 12°C was not signilycdifferent (® > 0.05). It was possible
that most of the active peptides in the cheesemeigh at different ripening temperatures

were similar, but varied in concentration.
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8.4. Conclusions

Probiotic Lb. acidophilus L10 survived better in cheeses ripened at 4 and&' C
compared to that at 12°C. Their counts remainetDai(® cfu g* after 24 wk of ripening
at 4 and 8°C. The count of probiotib. acidophilus L10 declined by about 2 logs in the
presence ofLb. helveticus H100 after 24 wk of ripening at 12°C. Cheeses with
helveticus H100 and/orLb. acidophilus L10 adjuncts had higher concentration of lactic,
acetic and propionic acid than the control chedsereased in ripening temperature
improved the proteolysis of the control, L10 andOBIcheeses. Cheeses with addéed
helveticus H100 adjunct and/okb. acidophilus L10 had higher levels of WSN, TCA-SN
and PTA-SN as compared to the control cheeses. dib@ses also had higher ACE-
inhibitory activity than the control cheeses. Th&€Einhibition increased in cheeses
ripened at higher temperatures. TheylGf the cheeses ripened at 4, 8 and 12°C, however,
was not significantly different. The use b&b. helveticus did not further improve the
proteolysis and the ACE-inhibitory activity of tipeobiotic cheeses. Our results indicated
that addition of probiotid_b. acidophilus L10 into Cheddar cheeses ripened at 4, 8 and
12°C could have potential to improve the qualitcbéeses and health status of the product
through increased ACE-inhibitory activity.
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Table 8.1.Composition of Cheddar cheeses during ripenirdy 8tand 12°C for 24 wk

N Ripening Ripening Cheddar cheeses SEM
Composition
temperature  period
Control L10 H100
(°C)
Moisture (%) N/A day 1 42.88 43.58* 42.36"
4 wk 24 40.4%° 41.32° 40.42°
8 wk 24 39.88C 40.47°  40.1f® 038
12 wk 24 39.5%° 39.48° 39.61°
Salt (%) N/A day 1 1.97° 217 1.974
4 wk 24 2.03% 1.954 2.03% 0.00
8 wk 24 1.97" 1.97 1.934 '
12 wk 24 1.98" 2.08% 2.13%
SM (%) N/A day 1 459" 4,977 4.65™
4 wk 24 5.0%° 4.7 5.04® 016
8 wk 24 4.9% 4.86" 4.72%
12 wk 24 4.98 5.19°® 5.38"
Fat (%) N/A day 1 3178 32.14" 321
4 wk 24 32.7% 32.5%4 32.97 033
8 wk 24 32.8%" 33.0*  32.46" '
12 wk 24 33.2% 32.38* 33.224
Protein (%) N/A day 1 28.28%° 28.32% 28.60"
4 wk 24 28.4% 28.234 29.0%4 0.35
8 wk 24 27.8% 28.324 28.34%
12 wk 24 28.4% 28.17 28.87
pH N/A day 1 518" 5.1F%% 5.08%
4 wk 24 4.9%° 4.73" 4.78" 0.03
8 wk 24 4.8% 4.60° 4.58° '
12 wk 24 4.86F 4.64" 4.625¢

"®Means in column of the same composition with défersuperscript are significantly differe®<0.05).

¥ Means in row with different superscript are sigrafitly different P<0.05).

SEM, pooled standard error of mean. Results argepted as mean of at least 6 observatiorsgn
SM, salt in moisture. N/A, not applicable.
Control, cheese made with starter culture only;,Llditeese made with starter culture &tdacidophilus
L10 adjunct; H100, cheese made with starter cyltute acidophilus L10 and Lb. helveticus H100

adjuncts.
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Table 8.2.Probabilities P) of changes in means of composition variables &olel moisture), counts of microorganisms (probidactococci and
NSLAB), concentration of organic acids (lactic, tacecitric, propionic and butyric), proteolysisvid (WSN, TCA-SN and PTA-SN) and ACE-

inhibitory activity (percentage of ACE-inhibitiomd 1Gsq) of control, L10 and H100 cheeses during riperaing, 8, and 12°C for 24 wk
Probabilities P)?

Factors and

int i Composition Counts of microorganisms Organic acidcentration Proteolysis ACE-| activity
interactions
pH Moisture NSLAB® Lactococci Probiotic Lactic  Acetic  Citric Propionic ~ Butyric WSN° TCA-SN®  PTA-SN  ACE-I° IG5

Main plot
Block (B) 0.1977 0.4589 0.1208 0.3189 0.6686 0.7087 0.91244758. 0.7243 0.3523 0.1782 0.3924 0.93050.0141  0.2860
Adjuncts (Ajo <.0001 0.4040 <.0001 <.0001 0.0537 0.0003 0.0007 0.0001 <.0001 0.0286 0.0394 0.0070 0.0005 0.0059 0.0202
Sub-plot
Temperature ('Ib) 0.0009 0.3354 0.3162 <.0001 0.0004 0.0002 0.0017 <.0001 <.0001 0.0196 <.0001 <.0001 <.0001 0.0108 0.0244
B*T 0.5405 0.5798 0.1671 0.7458 0.3600 0.4358 0.47820906. 0.5883 0.6285 0.7518 0.4822 0.8866 0.2420 3a.51

*
A*T 0.0315 0.8069 <.0001 0.0702 0.0222 0.3890 0.4361 <.0001 <.0001 0.8803 0.1434 0.9410 0.0390 0.0031 0.0035
Sub-plot
Time (t)b <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0012 <.0001 <.0001 <.0001 <.0001 <.0001
B*t <.0001 <.0001 <.0001 0.2162 0.0027 0.0112 0.0145 <.0001 0.9890 0.9449 0.0700 0.0272 0.1643<.0001  0.0331
A*t <.0001 0.0260 <.0001 <.0001 <0.0001 <.0001 <.0001 <.0001 <.0001 0.3926 <.0001 <.0001 <.0001 <.0001 <.0001
T* 0.0020 0.0432 <.0001 <.0001 <0.0001 <.0001 0.0003 <.0001 <.0001 0.8327 <.0001 <.0001 <.0001 0.0248 0.3843
A*T* 0.0003 0.3956 <.0001 <.0001 0.0004 0.0365 0.0092 <.0001 <.0001 0.9760 0.0013 <.0001 <.0001 <.0001 0.0031

®Data was analyzed as a split plot design usingragélieear model procedure of SAS system. The rphohfactors were adjuncts (A) and replication®@is) with ripening temperature
(T) as the split-plot factor. This design was aiddially split with ripening time (t) as additionsplit-plot factor. Statistical significance was at leBst 0.05.

Variations in adjuncts include: Control, cheese enatthout adjunct and with starter culture only0Ql_theese made with starter culture Bhdacidophilus L10 adjunct; H100,

cheese made with starter culture, acidophilus L10 andLb. helveticus H100 adjuncts. Variations in temperature inclug@ening at 4, 8 and 12°C. Repeated measures over
ripening time were performed at day 1, wk 6, wk 42d wk 24 (except for pH and moisture, which waalysed at day 1 and wk 24).
°NSLAB = non starter lactic acid bacteria, WSN =avatoluble nitrogen, TCA-SN = trichloroacetic as@uble nitrogen, PTA-SN = phosphotungstic acidisi@ nitrogen, ACE-

= Angiotensin converting enzyme-inhibition (%) 4G concentration of ACE peptides needed to inftiBig6 of ACE activity.
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Figure 8.1. Counts of starter lactococci, total lactobacllp. acidophilus L10 andLb. helveticus
H100 in control Cheddar cheeses without probiot@@ontrol); probiotic cheeses witlb.
acidophilus L10 adjunct (L10); and probiotic cheeses wlith acidophilus L10 andLb. helveticus
H100 adjuncts (H100) during cheese making. Resattes presented as means of at least 6
observations (& 6). Error bar is pooled standard error of meatM$S- 0.22, 0.35, 0.32 and 0.22
for counts of starter lactococci, total lactobacillb. acidophilus L10 and Lb. helveticus,
respectively).
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Figure 8.2.Viability of (a) starter lactococci and (b) NSLABtal lactobacilli) in control Cheddar
cheese without probiotic—<— Control 4C; —0—, Control 8C; -©--, Control 12C); probiotic
cheeses with.b. acidophilus L10 adjunct - A— L10 4C; —A— L10 &C; --A--, L10 12C); and
probiotic cheeses withb. acidophilus L10 andLb. helveticus H100 adjuncts—{(m—, H100 4C;
—0—, H100 8C; -o--, H100 12C) during ripening at 4, 8 and A2 for 24 wk. Results are
presented as means of at least 6 observatiors6jn Error bar is pooled standard error of means
(SEM =0.16 and 0.10 for counts of starter lacteacand NSLAB, respectively).
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Figure 8.3. Viability of (a) probioticLb. acidophilus in L10 cheeses and H100 cheeses;Lh)
helveticus in H100 cheeses during ripening at 4, 8 antC1fdr 24 wk —A— L10 £C; —A— L10
8°C; --A--, L10 12C; —m—, H100 4C; —o—, H100 8C; --o--, H100 12C). Results are presented as
means of at least 6 observations>(6). Error bar is pooled standard error of meatsMS- 0.06
and 0.15 for counts of probiotic bacteria dtd helveticus adjunct, respectively).
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Figure 8.4. Concentration (%) of (a) lactic acid, (b) acetada (c) citric acid, and (d) propionic acid in ¢l Cheddar cheese without probiotic (Control);
probiotic cheeses withb. acidophilus L10 adjunct (L10); and probiotic cheeses with acidophilus L10 andLb. helveticus H100 adjuncts (H100) during ripening
at 4, 8 and 12°C for 24 wk. Results are presergadeans of at least 6 observations @). Error bar is pooled standard error of meaf$$ 0.032, 0.003, 0.005
and 0.001 for concentration of lactic, acetic,iciind propionic acids, respectively).
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Figure 8.5. Indication of proteolytic activity otb. helveticus sp. (H100, H1188, H474, H1315)
and probiotic bacterieB. longum 1941, B. animalis LAFTI®B94, Lb. casei 279, Lb. casei
LAFTI®L26, Lb. acidophilus 4962 and_b. acidophilus LAFTI®L10 after incubation in reconstituted
skim milk (RSM) for 18 h. Data represent differemda absorbance values after subtracting the
value for the control RSM. Results are presentedheans of at least 6 observations>(16) +
standard error of means.
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Figure 8.6. Concentration (expressed as percentage of tdtalgen) of (a) water-soluble nitrogen
(WSN), (b) trichloroacetic acid-soluble nitrogenQA-SN), and (c) phosphotungstic acid-soluble
nitrogen (PTA-SN) in control Cheddar cheese withanabiotic (Control); probiotic cheeses with
Lb. acidophilus L10 adjunct (L10); and probiotic cheeses with. acidophilus L10 and Lb.
helveticus H100 adjuncts (H100) during ripening at 4, 8 a@dClLfor 24 wk. Results are presented
as means of at least 6 observations @). Error bar is pooled standard error of mea&M$ 1.02,
0.21 and 0.10 for concentration of WSN, TCA-SN &TdA-SN, respectively).
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Table 8.3. Means overall acceptance of control and probi@eddar cheeses during
ripening at 4, 8 and 12°C for 24 wk

Ripening Ripening Overall acceptance scofes
temperaturt eriod

P P Controf L10? H100

(°C) (wk)

4 6 5.58%4 5.424¢ 5.07/¢

8 6 5.96% 4.338¢ 4584

12 6 6.19" 3.84"® 4.447
12 5.58" 4.285¢ 4.27"8
12 5.36" 4.1258¢ 3.40"

12 12 6.04* 3.56® 3.47"
24 6.44" 4.97¢ 5.95¢
24 6.84" 6.3 6.14¢

12 24 5. 784 6.22° 4,974

"®Means in column with different superscript are gigantly different £<0.05).

% Means in row with different superscript are sigrafitly different P<0.05).

! Results are presented as mean of at least 6valisers (n> 6). Standard error of means = 0.41.

2 Control, cheese made with starter culture onl\d,L.cheese made with starter culture bhdacidophilus
L10 adjunct; H100, cheese made with starter cultuke acidophilus L10 andLb. helveticus H100
adjuncts.

215



Chapter 8.0

Control 4C

Hardness Vinegary

Crumbliness = Bitterness
Cheddary Creamy
- 0- -wk6 wk1l2  —m—wk24
L10 4T
Hardness \j Vinegary
Crumbliness Bitterness
Cheddary Creamy
- O- -wk6 —A -wk1l2 —@—wk24
8
Acid H100 4T
Hardness Vinegary
Crumbliness — \ Bitterness
Cheddary Creamy
- O- -wk6 wk12  —a—wk 24

Acid
Control 8C

Vinegary

Crumbliness Bitterness

Cheddary Creamy
- - -wk 6 wk 12 —m—wk 24
L10 8T
Hardness /Vinegary
Crumbliness \ Bitterness
)
Cheddary \Creamy
= - =wk6 — A - wk 12 ——wk 24
8 .
lAmd H100 8C
6
Hardness \i / Vinegary
Crumbliness T Bitterness
Cheddary C\Creamy
- - -wk6 wk12 —m—wk24

Control 12C

Hardness Vinegary

Cheddary Creamy
- O- -wk6 wk 12 —a—wk 24
8 .
Pc'd L10 12T
BCE
Hardness 4 - ..- Vinegal
R / gan
K
\
-
4
Crumbliness \ Bitterness
Cheddary \Creamy
- 0- -wk6 — A - wk12 —&—wk 24
8
Acid H100 12C
6
Hardness§, . . __ . Vinegary
g
|| .

+
"
v T Bitterness

4

Crumbliness

Cheddary Creamy

- 0= -wk6 wk 12 —&—wk 24

Figure 8.7.Mean of sensory scores of control Cheddar cheegheut probiotic (Control); probiotic cheeses with. acidophilus L10 adjunct (L10); and probiotic
cheeses withb. acidophilus L10 andLb. helveticus H100 adjuncts (H100) during ripening at 4, 8 a@8iCLfor 24 wk. Results are means of at least 45esc@m> 45).
Standard error of mean = 0.35, 0.39, 0.41, 0.26,®.55 and 0.38 for acid, vinegary, bitternessamy, cheddary, crumbliness and hardness, regekggti
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Table 8.4.Probabilities P) of changes in means of sensory evaluation s@ommntrol, L10 and H100 cheeses during ripening, & and 12°C for 24 wk

Factors and

Probabilities P)*

interactions Acceptance Acid Vinegary Bitterness Creamy Cheddary  Crumbliness Hardness
Main plot
Block (B) 0.0295 0.2403 0.7231 0.0152 0.0374 0.3454 0.6187 0.5670
Adjuncts (AY <.0001 0.0005 0.0063 0.0002 0.0004 0.0373 0.0004 0018.
Sub-plot
Temperature (F) 0.0005 0.0008 0.0005 0.0243 0.0001 0.0012 0.0546 0.0002
B*T <.0001 0.1952 0.0103 0.0412 0.6374 0.9841 0.8776 0.0153
AT 0.0068 0.0008 0.0002 0.7002 0.0153 0.3206 0.0980 0.0470
Sub-plot
Time (tf <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001
B*t <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001
A*t <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001
T*t <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001
A*T*t <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

'Data was analyzed as a split plot design usingrgélieear model procedure of SAS system. The rpihfactors were adjuncts (A) and replication®@sk) with ripening temperature
(T) as the split-plot factor. This design was addilly split with ripening time (t) as additionsplit-plot factor. Statistical significance was at leRst 0.05.
Variations in adjuncts include: Control, cheese enaithout adjunct and with starter culture only0l_theese made with starter culture Ahdacidophilus L10 adjunct; H100,
cheese made with starter culture, acidophilus L10 andLb. helveticus H100 adjuncts. Variations in temperature inclug@ning at 4, 8 and 12°C. Repeated measures ipaimg
time were performed at wk 6, wk 12, and wk 24.
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Figure 8.8. Angiotensin converting enzyme (ACE)-inhibitory iaity presented as (a) percentage of
ACE-inhibition and, (b) 1G (concentration of ACE inhibitor needed to inhi&i90% of ACE
activity) of control Cheddar cheese without proigsio(Control); probiotic cheeses withb.
acidophilus L10 adjunct (L10); and probiotic cheeses with acidophilus L10 andLb. helveticus
H100 adjuncts (H100) during ripening at 4, 8 an8iCLbr 24 wk. Results are presented as means of
at least 6 observations ¥6). Error bar is pooled standard error of meafd($ 1.93 and 0.01 for
percentage of ACE-inhibition and d¢(values, respectively).
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9.0 Summary of Results

This study shows that probiotic bacteria can besddas adjunct together with the
starter lactococci during cheese-making. The ptabaxjuncts survived at high level at the
end of cheese-making process (8.0 - 9.Qd@fu g%). They were also able to maintain
viability of > 7.5 logg cfu g* at the end of ripening at°@ for 24 wk. Acetic acid
concentration in probiotic cheeses with longum 1941, B. animalis subsp. lactis
LAFTI®B94, Lb. casei 279 orLb. casei LAFTI®L26 was higher when compared to the
other cheeses. Each probiotic organisms influertbed proteolytic pattern of Cheddar
cheese in different ways. Cheeses made with thei@uaf Lb. casal 279 andLb. casel
LAFTI®L26 showed higher level afs;:CN andp-CN hydrolysis when compared to the
other cheeses. Probiotic combinatiorLbf acidophilus 4962 B. longum 1941 and_b. casel
279 orLb. acidophilus LAFTI®L10, B. animalis subsplactis LAFTI®B94 andLb. casei can
also be used in the probiotic Cheddar cheese dewelnt. When used in combination, these
probiotic organisms did not show any level of antagm and each probiotic survived at the
level of > 7.5 log cfu g* at the end of ripening.

Sensory evaluation of the cheeses showed thatgiiolzheeses except those with
Lb. acidophilus 4962 were found to be significantly different frahe control cheeses made
without any probiotic organism. The acceptabilitpi®s of the cheeses were, however, not
significantly different among the cheeses excepthat withLb. casei 279 with bitterness
and sour-acid taste as the major defects. Impromeineproteolysis also resulted in the
release of more peptides in the probiotic cheasdading those with bioactive properties.
The concentration of ACE-inhibitory peptides neediednhibit 50% of ACE activity was
the lowest after 24 wk of ripening in the probiatiteeses (0.20 - 0.29 mg HLcompared
to 36 wk for cheeses without any probiotic (0.28.31 mg mLY). Various ACE-inhibitory
peptides corresponding to thg-casein [(f 1-6), (f 1-7), (f 1-9), (f 24-32) anfi102-110)]
andp-casein [(f 47-52) and (f 193-209)] were isolateahi WSE of cheeses made with.
casel LAFTI®L26.

Both 4 and & can be used for ripening of probiotic Cheddaresks. Ripening at
8°C as compared t0°@ increased the level of organic acids and theepigsis of the
cheeses. The increase in ripening temperature wagdrthe ACE-inhibition index of the
cheeses. The Kgof cheeses ripened at 4°C was, however, not signily different to that
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ripened at 8°C. The lowest value of thed(®.13 mg mL') and therefore the highest ACE-
inhibitory activity corresponded to the cheese witte addition ofLb. acidophilus
LAFTI®L10 ripened at 8°C. ACE-inhibitory peptides inclogic-CN (f 96-102),05-CN (f
1-9), 051-CN (f 1-7),051-CN (f 1-6),05-CN (f 24-32) an3-CN (f 193-209) were identified
from WSE of cheese withLb. acidophilus LAFTI®L10. Most of the ACE-inhibitory
peptides accumulated during ripening, and as physsoproceeded, some of the peptides
were hydrolyzed into smaller peptides.

Ripening temperature of Q2 further improved the proteolysis and the ACE-
inhibitory activity of probiotic cheeses made with. acidophilus LAFTI®L10 adjunct. The
counts ofLb. acidophilus LAFTI®L10 adjunct in the cheeses remained at®>f0 g* after
24 wk of ripening at 12°C. Concentrations of lacacetic and propionic acids of cheeses
made withLb. acidophilus LAFTI®L10 were significantly higher than those of the tcoh
cheeses after 24 wk of ripening at’@2 Proteolysis of the cheeses was improved as the
ripening temperature increased. Increased in ngetémperature from°€ to 8 and 12C
aslo increased the percentage of ACE-inhibitiore T, value among cheeses ripened at
4, 8 and 12°C, however, was not significantly défg. Elevated ripening temperature can
be used to improve proteolysis and ACE-inhibitocyivaty of probiotic Cheddar cheese.
Addition of Lb. helveticus H100, however, did not further improve the proyss and the
ACE-inhibitory activity of the probiotic cheeseshi$ study shows that some probiotic
organisms used in this study can be added suctigssfiCheddar cheeses with acceptable
organic acid, proteolysis and sensory profilesadidition of to their well known probiotic
effects, addition of probiotitb. casei 279, Lb. casei LAFTI®L26 and Lb. acidophilus
LAFTI®L10 may play an important role in improving the A@fhibitory activity of

Cheddar cheeses.
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10.0 Future Research Directions

This study demonstrated that Cheddar cheeses capdiential carrier for probiotic
organisms to the consumer. The ripening periodd us¢his study are up to 36 wk. Some
commercial ‘tasty’ and ‘vintage’ Cheddar cheesesydver, are ripened for longer than 36
wk. The effect of the probiotic organisms on thealdy of the Cheddar cheeses during
prolonged ripening may be useful to study, paréidylto get an insight into the potential
flavour developments or defects at a later staggehing.

The potential health benefits of milk protein-dexdvpeptides have been a subject of
growing commercial interest in the context of hegtomoting functional foods. A few
potential ACE-inhibitory peptides were isolated aitentified in this study. Many
scientific, technological and regulatory issueswéeer, must be resolved before these
peptides can be optimally exploited for human tiotni and health. The physiological
function of these peptides needs to be establishedo through clinical trials with animal
and human studies. There is also a need to scaleeuproduction of bioactive peptides in
cheeses. This study demonstrated that microbiateietation with the help of lactic acid
bacteria and probiotic organisms provides a natecdnology applicable for the production
of bioactive peptides. The commercial productiorsécific peptide sequences can also be
achieved by the use of recombined enzyme technotoggpecific production strains
(genetic engineered microorganisms) or the uspedic peptidases isolated from suitable
microorganisms.

The ACE-inhibitory peptides isolated in this stuglyow various peptide sequences
of varying lengths and structures. The length danetgire of the peptides may influence the
adsorption of these peptides in the gastro-intaktract. The ability of the peptides to with-
stand further hydrolysis by gastric juices needbdoaddressed. More detailed studies are
also required for a better understanding of th@dlpressure reducing mechanisms of the
peptides. Molecular studies such as proteomicsnasgled to assess the mechanisms by

which these peptides exert their activity.
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Appendices

12.0 Appendices

Appendix A - Sensory evaluation forms

A.1. Consent form for research project involving human subject

CONSENT FORM

l,
(address) certify that | am at lea
18 years old and that | am voluntarily giving mynsent to participate in the experimg
entitled:

“Influence of Probiotic Bacteria on Proteolytic Patern and Sensory Attributes of
Cheddar Cheese”

being conducted at Victoria University, by Prof idagra Shah and his student Lydia On
| certify that the objectives of the study, togethath any risks and safeguards associ
with the procedures listed hereunder to be caradedin the research, have been f

explained to me by:

(Name of researcher):_Lydia Ong on (date)

Df
St
Nt

Q

(Signature of researcher):

and that | have had the opportunity to have anstires and answered. | also undersit
that 1 can withdraw from this experiment anytimedatiat this withdrawal will not
jeopardise me in any way. | have also been inforthat the information | provide will b
kept confidential

| freely consent to participation involving the use me of these procedures.

Triangle tests Y] ]
Cheese grading/scoring ‘]:[s Do
Duo-trio and intensity ranking test Y [ b
To be contacted if needed in the future [bs ol N
If yes, your telephone number: andfaeg-add:
Signature: Date:

Any queries about your participation in this prajecay be directed to the researg
(Professor Nagendra Shah, Phone: (03) ®¥288). If you have any queries or complal
about the way you have been treated) yoay contact the Secretary, University Hur
Research Ethics Committee, Victoria University afcfinology, PO Box 14428 MCM

Melbourne, 8001 (telephone no: 03-9688 4710).
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A.2. Form for duo-trio test for determination of flavour threshold

- VICTORIA NEW
D UO'tn 0 teSt unmns|1‘! ;ﬁﬂuﬂﬂéﬂ;
Product : cream cheese
Name :
Date

Instructions:
On your tray you have a marked of control sampleaid 6 sets of three coded samp
One sample is identical with R and the other ised#int. Which of the coded sample

es.
is

different with R? Use the water crackers and waiervash your palate after tasting each

sample.
Setl Set 2 Set3 Set 4 Set5 Set 6
Sample 1 863 445 101 995 818 643
Sample 2 134 216 247 837 389 451
Odd sample

Thank you very much for your participation

A.3. Form for intensity ranking test for products with various concentration of lactic
acid, acetic acid and caffeine

Intensity ranking test VICTORIA ANEW
UNIVERSITY | THoucHT

Product : Cream cheese with different concentratfdactic acid

Name :

Date

Instructions:
You have been given 6 three coded samples. Plaakdhre sample from the least intens
to the highest intensity. Use the water crackerswater to wash your palate after tast
each sample.

e L 1= T ———— Highest intensity|

ity
ng

Thank you very much for your participation
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A.4. Panelist questionnaire

Panelist Questionnaire VICTORIA NEW
Q UNIVERSITY | ool ot
Name:
Please put a tick next to your answer for the foiitgy questions:
Sex : Male Female
Age: < 18 years
18- 25 years
25- 35 years
35- 55 years
Frequency of cheese consumption:
<1 per week
1-2 per week
2-3 per week
3-4 per week
> 5 per week
Preferred type of cheese:
Mild Tasty (medium) Matured
A.5. Form for acceptance rating test
Acceptability of Cheddar cheeses VICTORIA ANEW
prability UNIVERSITY | 3500
Product : Cheddar cheese
Name :
Date

Instructions:

You have been given 5 three coded samples. Pleasetle Cheddar cheese samples ¢
1 to 10 scal€l = dislike extremely, 10 = like extremely). Ube water crackers and wat
to wash your palate after tasting each sample.

Attributes 123 861 754 678 459

Acceptability

Thank you very much for your participation
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A.6. Form for triangle test

: VICTORIA A NEW
Triangle Test UNIVERSITY | jSHooLor
Product : Cheddar cheese
Name :

Date

Instructions:
You have been given 4 sets of three coded samplesch set, two samples are taken fi
the same batch and the other from another batcthifM&ach set, circlhe code number @
the ODD sample. Please taste samples in order from lefigitd. Use the water cracke
and water to wash your palate after tasting eacipka

Set Codes

1. 733 409 651
2. 767 377 420
3. 283 612 229
4, 865 134 962

om

I's
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A.7. Scoring for specific attributes form

Appendices

Scoring for specific attributes

VICTORIA NEW
UNIVERSITY | 3§o0LoF

Product
Name
Date

Instruction:

You have been given 5 three coded samples. Pleasgtlise Cheddar cheese samples on

: Cheddar Cheese

to 10 scaldor all parameters listed:

1.Cheddary 1 = none (very mild) 10 = high intensity (mature
2.Creamy/ milky | 1 =notcreamy 10 = very creamy
3.Sour- acid 1 = not acidic 10 = very acidic
4.Vinegary 1 = not detected 10 = high intensity
5.Bitterness 1 = not bitter 10 = very bitter
6.Hardness 1 = soft 10 = hard

7.Crumbliness 1 = crumbly (do not hold together)  =Iftrm, stick together

Please score one sample at a time. Use the watekers and water to wash your pal

after tasting each sample.

SAMPLES

Attributes

123

861

754

678 459

1.Cheddary

2.Creamy / milky

3.Sour-acid

4.Vinegary

5.Bitterness

6.Hardness

7.Crumbliness

Cheddary: general flavours of Cheddar cheese.
Creamy/ milky: flavour associated with fresh mitkeamy product, condensed milk.
Sour-acid: sour, taste sensation of lactic orccadid.
Vinegary: flavour associated with vinegar.
Bitterness: chemical-like, aspirin, taste sensadibcaffeine.

Thank you very much for your participation

N

al

ate
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Appendix B — Peptide sequencing using automated

Edman degradation method

Automated Edman degradation chemistry consistshiifet steps as described in
section 2.6.5.1. During the Edman degradation, yisathiocyanate (PITC) reacted with
the amino acid residue at the amino terminus ungi@sic conditions to form a
phenylthiocarbamyl derivative (PTC-protein). Trohoacetic acid then cleaved off the first
amino acid as its anilinothialinone derivative (A@ino acid) and leaves the new amino
terminus for the next degradation cycle. The ATZirmmacid was then removed by
extraction with ethyl acetate and converted to engtthiohydantoin derivative (PTH-amino
acid). The PTH-amino acid was transferred to arsmtkphase C-18 column (PTH-C18
colum, 2.1 x 220 mm; Perkin Elmer Co. Ltd.) foretdion at 270 nm. A standard mixture
of 19 PTH-amino acids (Applied Biosystems, Fostiy,(CCA, USA) was also injected onto
the column for separation (usually as the firsieyf the sequencing run) (Figure 12.1).

Standand

1.00

8.0 10.0 12.0 4.0 16.0 8.0
Time (minutes)

Figure 12.1.Standard of phenylthiohydantoin derivative (PTHir@o acids (5 pmol)

The chromatogram (Figure 12.1) provides standarenten times of the amino
acids for comparison with each Edman degradatiatecghromatogram. Example of the
chromatograms obtained during the N-terminal secjugrof peptidesis;-CN (f 1-6),3-CN
(f 47-52) and3-CN (f 193-209) are shown in Figures 12.2, 12.3 d2dla, b. To determine
the amino acid present at a particular residue murtbe chromatogram from the residues
of interest was compared with the chromatogram ftbenprevious residue by overlaying
one on top of the other. From this, the amino doidthe particular residue could be
determined. This process was repeated sequenimaflyovide the N-terminal sequence of

the peptide.
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Intensity (mAU)

Intensity (mAU)
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Figure 12.2.Residues 1 to 5 of peptide derived froggCN (f 1-9)
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Intensity (mAU)

Intensity (mAU)

Intensity (mAU)
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Figure 12.3.Residues 1 to 5 of peptide derived fr@r@N (f 47-52)
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Intensity (MAU)

Intensity (mAU)
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Figure 12.4a.Residues 1, 2, 3 and 4 of peptide derived ffe@N (f 193-209)
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Intensity (mAU)
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Figure 12.4b.Residues 5, 6, 7 and 8 of peptide derived ffa@N (f 193-209)
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