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In this study, the physico-chemical changes oceurring in white cheese and
possible effects of starter culture combinations to the ripening period during

30 days stora ge were examined.

A total of thirty six lactic acid bacteria were isolated from a chesse made
without using starter culture. For identification gram smining, catalase, gas
production and coagulation tests were performed. For determination of
species APIS0 CH (BioMérieux) and partial 165 rDNA gene sequence

analysis were nsed.

Four cheeses were produced, one by using commercial starter culture
[Lyofast CMS (Lacfococcns lacpis subs. laepis and Laciococens lacpis subs.

eremoris)Jas control and the other three by using ditferent combinations of

iv



as pH, acidity, salt, fat, moisture, protein contents during storage period were

determined.

In this respect effect of using different starter culture combinations on quality
of Turkish white cheese was determined and Lacjiococcus laciis suls. lacys
(13%) + Lacrobacillus brevis (4000)+ Lactobacillus paracasei (47%)
combination was found as the best and can be suggested as an ideal

combination for white cheese production.

Eev words: White cheese, starter culture, lactic acid bacteria
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Bu galigmada, 30 giinlik depolama perivodu boyunca beyaz peynirdeki
fiziko-kimyasal degisiklikler ve starter kil tiiv kombinasyonlarnin olgunlagma
perivoduna etkisi aragon lmisgtr.

Starter kiiltiir kullamlmadan yapilan bir peynirden toplam omz aln laktik asit
bakterisi izole edilmistir. Tammlama igin gram bovama, katalaz, gaz {iretim
ve pihtlasma testleri vapulmistr. Tirlerin belilenmesi igin APIS0 CH
(BioMérieux) ve ksmi 168 rDNA gen sekanslama analizleri yaplmagnr.

Dirt peynir tiretilmigtir. Bunlardan biri kontrol grubu elarak tican kiiltir
kullamlarak [Lyotast CMS {Laciococcus lactis subs, laegis and Lacrococous
lactis subs. eremorig)] digerlen ise elde edilen izolatlann degisik
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Duyusal, mikrobivelojik ve pH, asitlik, wz, yag, protein, nem mikman gibi
kimyasal zellikleri depolama perivodu boyunca analiz edilmisgtir.

Bu kapsamda, degisik starter kiiltiir kombinasyonlanmn kullaml masimn Tiirk
beyaz perynirinin kalitesi fizerine etkisi belitlenmistir. Lactococcus laciis
subs. laeis (13%) + Lactobacillus brevis (40040)+ Lactobacillus paracasei
(47%) kombinasyonu en iyl sonueu vermistir ve beyaz peynir firetiminde

ideal kombinasvon olarak énerilebilir,

Anahtar Eelimeler: Beyaz peynir, starter kiiltiir, laktik asit bakierisi.
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children, adolescent, elderly people pregnant and nursing mothers, milk plays
an important role in mesting the requirements of many essential nutrients,
and hence milk is considered as a protective food. Milk helps t© balance
human diet by supplementing good quality protein, caleium and vitamins
particularly, vitamin A, riboflavin, niacin and folic acid. In addition milk
confains several bio-protective molecule that ensure health security fo
humans [1]. However, milk is also a suitable media for microorganisms and
can spoil easily. Therefore, in order to increase its resistance and to obtain

different dairy products, it is processed into different products.

Cheese is the most consumed milk produet in the world. It is also as
nutritions as milk considering proteins, vitamins and minerals. In addition,
di gestibility of proteins increases due to the proteolytic activity during chesse
ripening. Cheese is also a sunitable nuirient for patients who have diabetes or

lactose malabsorption, because of the low lactose rafio it confains [2].

1.1 Cheese P rosd ne thomn

The basic technology for the manufacture of all types of cheese is similar,
relatively small changes in procedures during manufacture resulting in large

perceived differences in the final cheese (Table 1.1).



+

Drain = +—————— —Add rennet Cut
l l l
Salt Ripen iScald)
l l l
Pack Pack Str
l
Unripened soft Ripened soft Drain
.o Crervaise e.r. Brie |
Ricotta Camembert i Texture curd)
l
Mill
l
Salt
l
Hoop
l
Ripen {Press)
l l l
Bac teial Internal Bacteria
s1mear monld |
l l l
Pack Pack Pack
Smear ripened Mould ripened Bacterial ripened,
sem i oft semi- ha rd hard and semi- hand
e.g. Limburger e.g. Stilton e.g. Cheddar
Munster Roquefort Emmental

MNote: Stages in parentheses are not invoelved in the manufac ture of some

variefies.

# Manufac ture may invelve some light eurting and sealding.
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& Microorganism count of raw milk must be low
+ Raw milk should not contain inhibitors like antibiotics

e Coagulation test with clotting enzyme must be positive

1.3 Pasteurization

Pasteurization is wvery important to kill pathogen microorganisms like
Campyiobacter and Salmonella. The optimum pasteurization temperature of
milk is 72°C for 15 seconds. Overpasteurization produces too softa eurd, and
this may or may not be corrected by prior additions of soluble salt CaCl, .

For cheese made from raw milk ripening time must be long and for fresh

cheese types only pasteurized milk must be used.

14 Standardization

The composition of the milk is important in determining the characteristic of
chesse.

a) Standardization of fat ratio

b Standardization of protein ratio



1.5.1 Action of Rennet

Rennet coagulation invelves two distinet stages, a proteolytic stage in which
the casein micelle is destabilized by hydrolysis of g-casein to vield para- -
casein micelles, and a secondary, ealeinm mediated, stage in which paracasein
micelles undergo limited ageregation. The secondary stage requires quiescent

conditions and a temperature in excess of 20°C.

Hydrolysis of g-casein primarily involves cleavage of the peptide bond,
Pheys-Met 3, which is uniquely sensitive to hydrolysis by acid profeinases.
This cleavage wvields a para- g-casein, common to all caseins and a

macropeptide unique to each component.

After addition of rennet, usually 30 minutes later for most cheese types, curd
is firm enough to be cufted. After cutting curd is subjected to different

treatments aceording to cheese type.

1.6 Chemical Changes Duoring Cheese Ri pe ndng

Cheese is chemically, microbiologically and enzymatically a complex and
dynamic system. This makes the process of cheese ripening highly complex.
Cheese contains a defined microbiological starter flora and an undefined,
highly variable, adventitious flora. The diversity of the microtlora involved in

cheese ripening adds o the complexity of the process; individual reactions in
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somewhat ditficult to define for some cheese varieties. Proteolvsis, however,
plays a direct role in development of the desired texture, aroma, and intensity

of background flaver in most matured cheeses [52,53,54].

Lipolysis in most varieties of chesse is not extensive, but some hydrolysis
oceurs during cheese ripening. Degradation of lipids is essential to Cheddar
chesse flavor, so that especially the shortehain volatile fatty acids such as
butyrie, eaproie, caprylic, and capric are present. Methyl ketones, ethanol,
and 2-butanol also are thought to be important flavor compounds in Cheddar
cheese [55]. Lipolytic activity in cheese may come from milk lipase, starter
bacteria, adventitions bacteria, or enzyme preparations added to milk. Milk
lipase is only active in cheeses made from raw milk. Certin strains of
lactobacilli liberate intracellular lipase upon autolysis, and this may account
for the lipolytic activity in hard cheese.

Lipolysis and proteolysis are important in Swiss cheese flavor. Many of the
flaver characteristics of Swiss cheese depend on free fatty acids produced by
fermentation and lipolysis [56, 57, 58, 59] and on peptides and amino acids
produced by proteslysis. The contribution of L. bulenricus 1o lipolysis and
proteolysis was studied by Bide et al. [60]. Two of the starter organisms, L.
buelgmricns and P. shermanii, had slight lipolytic activity but not enough to
account for the amounts of free fatty acids in Swiss cheese. Lacrobacillus
buel gmaricus, however, produced preater quantities of amine acids and peptides

than did either P.shermanii or 5 thermophihes [60).
]



There has been considerable interest in using defined strains of nonstarter
lactic acid bacteria as adjunct cultures to accelerate and improve flavor and
texture development during cheese ripening [67, 63]. Aftenuated adjunct
cultures with enhanced autolytic properties should provide more controlled
and consistent ripening, resulting in improved flavor and textre, particularly
in lower fat cheese [69,70]. Attempts have therefore been made to add adjunet
cultures that have been modified or attenuated so that they can play an
appreciable role during cheese ripening without producing excess lactic acid.
Physical methods of sublethal treatments such as freeze shocking (FS), heat
shocking (HS), and spray drying (SD) are the most-smudied techniques of
attenuating adjunet eells [71, 72, 73]. These treatments have led fo varying
levels of cell viability, modification of the ability to produce acid, and
intracellular proteinase or esterase activities [71].

Abdel Baky et al. [74] reported that inoculation of chesse curd with a heat-
shocked culture of either Lacrobacillus casei or Laciobacillus helveticus does
not greatly affect cheese composition but influences flavor intensity. When
comparing the influence of heat shocked L& helwticus, Laciobacillus
bulgmricens or Strepococous thermophiles on the ripening and quality of
Gouda cheese, Bartels et al. [75] found that Lb hehwericus gave the best
results. El-Abboudi et al. [76] suggested that the development of typical
Cheddar cheese tlavor is accelerated by the addition of homo genized thermal-
treated cells of Lb ecased sp. casel. This treatment does not increase gross

protenlysis in cheese as measured by soluble nitogen but accelerates the
5]



made with an adjunct spray dried at high outlet air temperature have the least
off-flavor intensity. Other sensory measures are not significantly different
among the cheeses in spite of differences in the cellular properties of the

adjunet cultures and chemical measures of cheese ripening,
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Amino acids
l l l
Amines | Sulphur (H, S, methanethiol | ete )
NHy— | compounds
Aldehvdes
Aleohol
Eeto acids

1.7 The Classification of Chee se

. Hard { 26-500 moisture)

internally ripened, no added ripening microorsanisms
e.g. Parmesan, Cheddar

internally ripened, added ripening bacieria

e.p. Bmmental

internally rf}:fufﬂ', fm:;f!'ﬂr_}r:;!rr_fhff ripening E:-_r moild

.. Blue Cheshire

" Semi-hard (42-52% moisture)
J:J;."E‘J"J;fi.ll.l'_].’rf:l?}f‘uf‘ﬂl, no added Fipening microorannisms
e.¢. Lancashire, Edam

internally ripened, rpening mould added

e.i. Stilton, Roquefort



. Others

e.pr. brines varieties, Whey ¢ heese [30)]

1.8 Starter Coltures

Dairy starters are cultures of harmless, active bacteria, grown in milk or
whey, which impart certain characteristies and qualities to various milk
products (Table 1.3). The culture may be one strain of a microorganism
species, called a single-strength culture, or a number of strains and/or species
called a multi-strain or mixed-strain cultre. Starter cultures are now
lyophilized with milk components, nuirients, and energizers and distributed
commercially in the dry state or are frozen with liquid nitrogen at - 196°C and

distributed in this state [158].

In White cheese production usually lyophilized and DVS (Direct Vat Set)
culmres  are used. Lyophilized culmres need much more equipment,
professional personnel and have a contamination risk during reproduetion
[29]. On the other hand DVS culfures provide the cheese manufacturers the
following benefits: Cultures are inoculated directly into the milk in the chesse
vat; less batch-to-bateh variation; cultures tested before use for activity and
confamination; more predictable performance; high flexibility; possibility of

composing "impossible” mixtures (e.g. mix of thermophilic and mesophilic
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Yo maes e —

shermanii formation chesse
Lae tobacillus Acid and flaver Bulgarian  buttermilk,
bulgaricus voghurt, Kefir, Swiss,
Lactobacillus lactis Emmental and Ttalian
chesse
Lactobacillus
helveticus
Lactobacillus Acid Acidophilus buttermilk
acidaphilus
Streptoc occns Acid Emmental, Cheddar
thermophilus and
Ttalian ¢hesse and
voghurt
“Lac tocoe eus Acid and flavor Sour erean, cheese
diac efilac tis
‘Lactococcus lactis Acid Cultured  buttermilk,
‘Lactococcls cremaoris sour cream, cofhge
chesse
Leuconostoc Flavaor Cultured buttermil k,
eitrovarum soUr e ream, cottage
Leuconostoc ::_heese,
destra mietm ripened cream butter
:Enterococeus durans | Acid and flavor Soft Italian, Cheddar
Friterococeus feca lis and some Swiss ¢ hesse

“The genus Lactococeus was not included in Bergey's Manual of Systematic

Bacteriology. It was established by Schleifer et al. for the lactic streptococei

Srepiococens laciis, Srepiocacens eremoris and Sireprococeus diaceiilacyis,
10



texxiure of cheese, ditferent types of microorganisms are used. For example,
clhesses whose curd is scalded during the manufacture stage are made by
using thermophilic starters like S prococcus salivars subsp. thermophilus,
Lactobacillus delbrieckii subsp. hehepicus, Lactobacillus delbrueckii subsp.
lacgis. On the other hand, in chesses that need to be ripensd, mesophilic
starters like Laciococcus species, Lenconostoc eremoris, Lactobacillus easel,
are used. In ripened chesses using combination of lactococcus, streptococe us
and lactobacillus enables faster acid produetion, hydrolysis of milk proteins,
synthesis of aroma components in consequence of symbiotic relation between
them [10]. While for unripened soft cheeses like Mozzarella and Coftage
chesse, acid production ability of starter is important, for ripened hard
cheeses like Cheddar, Emmental and Gruyere, proteolyiic activity is more
important [22]. In addition to these, defining the bacteriophage spectrum of
starter cultures [23] and decarboxylase activity of enterococei which are

thought to be used as starter culture, is also important [24].

1.8.1 Classification of starter ¢oltores

Cheese starter cultures may be classified in a number of ways. The
microorganisms themselves, for example, may be classified according to
optimal growth temperature. Mesophilic starters comprise Laciococcws and
Lewconostoe and have an optimal growth temperamre of ca. 30°C, while
thermophilic starters comprise the more widely used Laciobacillus species

11



Table 1.4 A Few Basic Characteristics of Starter Culture Bacteria 18]

L. lactis and L. aromovis

Gram + coccls

Growth at 10°C

Mo powth at 45°C
Reduce litmms strongly
Mon-=alt tolerant < 6.5%
Mo spores

Mon- thermodunic

E faconlis and E.duwrans

Gram + oval-shaped cocous
Grmowthat 10°C

Growth at 455

Reduce litmms strongly

Salt tolemnt =6.5%

Mo spores

Thermodune

Growth at pH 9.6

S thormophilis

iram -+ cocclE

No gmwthat 10°C
Crronwrth at 459C

Reduee litmms milk
Mon-zalt tolerant = 6,.5%,
Mo spores

Thermodunic

Mo powthat pH 9.6

Leoviconosioe cifroverum
Levconostoe dextranicum

ram -+ oocclE

Girowth at 1052

Mo prowth at45°C

Reduce litmus milk weakly

Mon-=alt tolerant =6, 5%
Mo spores
Meon-thermoduric

L. bedgaricus

Gram + rod, medinm or long
Mo mrowth at 10°PC or 20°C
Growthat45°C

Reduce litme stongly
Momsalt tolemnt < 6.5%

Mo spores

Thermod uric

L. acidop kil s

Gmm + rod, long

No growthat 10°C
Grrowth at 4570

Dioes not mduce litmms milk
Mon-=alt tolerant <5.5%

Mo spormes
Mo themmod urie




Gewiirzmiiller
MNZDRI

Cuest International
Rhodia

Lallemand

Germany

MNew Zealand
The Nederlands
France

Canada
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LAB live in habitats where pH of medinm is low. There are eight genera that
produce lactic acid: Lacrobacillus, Sreprococens, Laciococeus, Lenconasioc,
Pediococens, Carnobacterium, Enterococeus and Sporolacrobacillus. All
lactic acid bacteria are anaerobes, however they are facultativelv anasrobes,
they can grow in the presence of oxygen. Some strains produce Hy O, through
flavoprotein oxidase systems, and eliminate HxO: by their catalase or
peroxidase. Lactic acid bacteria use lactose as their main source of carbon o
produce energy. Lactic acid bacteria that enly produce lactic acid as an end
product are called homotermentative ; those that also produce acetic acid,
ethanal and earbon dioxide are termed heterofermentative. The differences
observed in fermentation products are determined by the presence or absence
of the enzyme aldolase, one of the key enzvmes in glycolysis,
Heterofermentors lack aldolose, and cannot break down fructose biphosphate
to triose phosphate, however they have transketolase to produce lactic acid,
acetaldehyde, ethanol, and CO, [4].

Laectic acid bacteria can grow in most or our common food raw materials,
They constitute part of their natural microtlora, can be used in spontaneous
fermentation, and can also be added as starters. LAB need some sugar for
fermentation, either naturally present or added. Execept for some fruits, the pH
of raw materials is seldom low enough to inhibit the growth of these bacteria,
The members of genus Lacjobacillus are also found among the

gastrointestinal microflora [7].

14
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and exercising a preservative effect on fermented products. They are
associated with many different foods and they are generally
considerad to be harmless or even an advantage for human health. In
United States they are afforded GRAS (Generally Recopnized as
Safe) status. The general conclusion is that the pathogenic potential of
lactobacilli is quite low. This conclusion is based on the widespread
consumption of these microorganisms in fermented foods, their
presence as normal colonizers in the human body, failure to isolate
these bacteria’s primary pathogens, and lack of negative side effects
of these bacteria when in high levels to immunocompromised
humans. There are some exceptions however. The penus
Sreppcocens includes many human and animal pathogens while
Srepiococens  thermophilus  is nonpathogenie and is used in

manufae ture of yoghurt and several cheese fypes.

The preservation of food is obtained by competitive growth, metabolic
products- lactic acid, HyO,, ete- and bacteriocins- protein confaining
antimicrobial products- of microorganisms. Most bacteriocins produced
by LAB have a narrow anfibaecterial speetrum, but some have a broad
action range. LAB that produce broad-spectrum bacteriocins offer preat
potential in biopreservation. Nisin is licensed for use as a food additive
over 45 countries and pediocin A has a possible anti botulinal effect [3].

15
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based foods. Sweet acidophilus milk ( which is made by inoculating
milk with L acidophiles bacteria) is consumed by individuals who
suffer from lactose maldigestion and intolerance, a condition that
effect approximately 75 % of world’s population. Maldigestion and
intolerance occurs when enzvmes (lactase) cannot break down lactose
or milk sugar in the intestine. Failure to digest lactose msults in
discomfort, eramps and diarrhea,

Enhancing protein digestion and absorption, particularly of proteins
found in cultured milk! yoghurt,

Acting as anfi-carcinogenic factors with anti-mmor potential { by
binding to mutagens, deactivating carcinogens, inhibiting careinogen
binding enzymes of colonic microbes and intfluencing secondary bile
salt concentration),

Acting to prevent hypertension { peptidase action on milk protein
vield tripeptides which inhibit angiotensin 1 converting enzyme),
Enhancing bowel function,

Helping to control high cholesterol levels,

Helping to control the spread of undesirable microorganisins.

For example, Candida albicans, a normally non-threatening yeast that resides

within eur guts, can spread ageressively and be potentially degrading to our

health when the friendly bacteria’s control is com promised due o such causes

as the administration of antibiotics. It is therefore generally recommended

l&
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Lactobacillus saliaris

Bifidobacterinm species

Bacillus species

Bifidobacteium  adoleseentis,  Bifidobacie ium
bifidum, Bifidobacterium breve, Bifidobacte rium
infantis, Bifidobacte ium thermophilim

Bacillus  subyilis, Bacillus  pumilus, Bacillus
lenius, Bacillus licheniformis, Bacillus coagulans

Pediococeus species

Pedipeoecus cereviviae, Pedioeo ecus acidilactics,

Pediococeus penfosaceus

Streplococels species

Srepococens thermophilus,  Streprococeus

intermeding

Bacterio des species

Bacteriodes  capillus,  Bacteriodes  sis,

Bacterodes miminicola, Bacie iodes amylophilus

Propionibac terivum
species

Propionibacterium shermanii, Propionibacterivm

Sfreudenreichii

Lenconostoc species Lenconostoe mesenfemides
Mold Aspergiling niser, Aspergillus orvae
Yeast Saccharomyees eerevisiae, Candida torulopsis

17
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Hydrogen peroxide
Low-molecular metabolites

Eeuterin {3-0H-
propionaldelyde)

Diacetyl
Fatty acids
Bacteriogins

Misin

Other

Pathogens and spoilage organisms,
especially in protein-rich foods

Wide spectrum of bacteria, moulds and
veasts
Gram-negative bacteria

Different bacteria

Some LAB and Gram-positive bacteria,
nofably endospore-formers

Gram-positive bacteria, inhibitory
spectrum aceording to producer strain
and bacteriocin type

18
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aldelydes, and the synthesis of proteolytic and lipolytic enzymes involved in
the ripening of cheese and the suppression of pathogenic and some spoilage
microorganisms. Therefore, starter culmes used in manufac ure of cheese are

very important in defining the quality of cheese.

Acid production in milk and flaver development during ripening are both
related with proteolytic activity of the starter. Proteolytic activity of LAB
aims to produce amino acids for their self development. Although LAB show
low proteolytic aetivity when compared with Bacilles, Psewdomonas,
Enferococens , this activity has an imporfant role in cheese ripening. LAB
have proteases bound their cell wall which enables them to hydrolyze big
protein molecules into small peptides. With the help of peptidases localized
outside the cell wall these peptides forms oligopeptides. Oligopeptides which
are not longer than & amino acid are taken into cell and are hydrolyzed infto
amino acids. Peptidases are still active in ripensd cheeses. Especially they
become active after the lysis of LAB [26]. While for ripened hard cheeses
starter cultures with high proteolytic activity are used, for fresh cheeses
consumed unripened proteclyiic strains are not used. Also for semi hard
Salted White ¢ heese which is ripened for 2-3 months, low proteolytic activity
is required. If the proteases are not in balance with peptidases and are found
in cheese at higher ratios, itcan cause bitterness and texmre defects. However

not only the proteases are responsible for bitterness. In addition to them,
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* should produce good tste and smell in desired dose and combination,

* should not have high proteolytic activity in order to aveid fast

ripening and bitterness,
* should have high antagonistic activity to inhibit pathogens,
* should be resistant to phages,
* should have resistance against antibiofics,
* should grow at chesse production tem perature,

* should be resistant to certain salt coneentration [40].

In Turkey the most produced and consumed cheese type is Salted White
chesse, According to DIE, in 1996 total cheese production in Turkey was
200,502 tons and 153.635 tons (76.5 %) of these was white cheese [3]. Major
important characteristics of Salted White cheese are that, it is eutin 7x7x7 em
size, kept in salted water (acidity is 0.27 and NaCl concentration is 14% or 16
% ) for about 5 hours and get ready to consumption atter 2 months ripening
period in which they are kept in salted water filled sealed cans at 3%C-4°C
[11]. The texture is firm and smooth. The contents for moismre and fat-in-

dry-matter contents are 51.5-57.1 %, and 46.2-53.3 %, respectively [41].

In order to produce best quality Turkish White cheese lots of technological
and microbiological smdies were conducted, but there is not still an ideal
20
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still today the most snitable and commonly used starters in White chesse

produe tion. But their sensitivity fo high salt concentrations makes it necessary

to search for alternatives [15].

In other studies conducted o find out starter culture combinations in White
cheese production, white cheeses produced without using starter culfures
were examined. First time Ozer (1964) sugpested that fecal streptococci
(Enterococeus faccalis, E. faccium, E. durans) could be combined with
lactobacillus. Also Yorganeiwoglu (1986) sugeested E faccalis and E faccium
which have high acid production rate, are resistant to salt but have low
proteolytic activity, L. lactis swbs. lacyis, E. faccalis, E durans and
Lactobacillus planrarwm combination was found o be successful when
compared with commercial Lactococeus, Enterococeus and Lactobacillus
combinations in lactic acid produc tion and inhibition of other microorganisms
aspeets [19]. Although using enterococei as starter culture is not usual, it is
known that it plays an important role in the ripening of cheddar chesse [20]
and E faccalis is used as starter culture in Cheddar cheese, Mozzarella,
Provolone production [11.20]. It is also important that these bacteria are
resistant to high salt concentrations which is an asset for Salted White c heese,
can adapt bad conditions easily and produce antimicrobial substance.
However, the most important disadvantage of them is that, some strains of
these bacteria produce enterotoxin rarely and most strains produce biogen

armine related to their amine acide decarboxylase activity [21].
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Breadibacierium linens, Propioniobacferivm shemanii, Lewconostoe spp, Le,
Lacyis spp. diaceiviacis played an important rele in taste and aroma
produe tion [31].

Kirov and Chamakov (1972) produced White cheese by using 3 different
culre combinations including voghurt culure ( Le. delbrueckii spp
buelgmricus and Sir. salharius spp. thermophilus ), Enferococens species and
Le. lactis ssp. lacris + Le. lactis spp. eremoris + Sprepiococcus durans and
specified that cheeses produced by using yoghurt culture and Sreprococcus

durans were more harder and had much better aroma [32].

Torres and Chandan (1981} defined that cheeses produced by using lactic
acid bacteria, yoghurt culture and lipase enzyme were found to have similar
composition after 12 weeks ripening period. However, it was also found that
in cheeses ripened by lipase, fatty acid ratio increased continuously and
proteolytic activity was maximum in cheeses produced by using yoghurt
culre. Cheeses produced by using lactic acid bacteria were found 1o be
much more acceptable when compared with cheeses produced by using lipase

and voghurt cul mre [33].

Eehagias et al. {1995) produced White cheese from cow and sheep milk by
using mesophilic { Le. laeyis ssp lacys and Le. laeris spp. eremoris) and
thermophilic starter cultires { St salivardus spp thermophiles and Lb
debrueckii spp. bulgaricus ) and specitied that the highest pH  and water
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2.47-2. 16%, water soluble nitrogen ratio was 0.36-0046 %, 0.36-0060 %, 0.35-
0.77 %o and ripening ratio was 13.85-19.85% 15.11-26.76%, 16.74- 36.24%
respectively during 90 days ripening period. As a result it was specified that
according fo starter culture ratio added to milk, proteclytic activity also

increased.

Davide et al. {1994) defined that in KEesogort cheese production {made in
Philippines) usage of 0.5-2 % voghurt culture increased taste and aroma and
gave a better textire. Furthermore it was found that, best quality cheese was
obtained with addition of 1.5 % voghurt culture [36].

Ewang et al. (1992) examined cheeses produced by using voghurt culture and
without eulture from pasteurized milk for 3 months period for alteration of
microorganisms in industrial and hygienic aspects and defined that in yoghurt
culture used cheeses number of industrially important lactic acid bacteria was
high while the number of hygienically important pathogen microorganisms
were low when compared with the cheeses produced without using starter

culture [37].

Giori et al. (1985) examined effect of pH and heat on the proteclytic activity
of Le. lactis spp. cermoris, Le lactis spp. lactis, Srreprococeus faccium,
Srepioccus faccalis, Lactobacillus  plantarum, Laciobacillus casei and
defined that Lacyo bacills had the maximum proteolytic activity at 15 °C and
45 °C [38].
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quality [79].

In our country in the production of dairy products starter cultures are being
used from 1970°s. Although in the production of cheese, butter and yoghurt
starter eultures are being used, there is not still any commereial starter culire
produetion. In plants using starter cultures, there are problems about cultire
usage. The most important problem is that, there are only a few researches
about suitability of imported eultures to Turkish White cheese. In such cases
it is unavoidable to have different quality cheeses in market. In addition o
this, different operating procedures, usage of different raw materials and
marketing cheeses before completion of ripening period are other problems in
Turkey [28]. As a matter of fact, Kaptan and Biiviikahg (1983} analysed 72
white cheeses sold in Ankara considering chemical, sensorial and
microbiological aspects and concluded that they are not in White Cheese
Standarts [4].

In this study different microorganisms were isolated from traditional cheeses
produced from unpasteurized milk without using starter eulture. In order o
find out best starter culture suitable for Turkish White cheese, by using
different combinations white cheeses were produced. Best combination was
determined by analysing sensory, microbiological and chemical properties of
cheese as pH, acidity, salt, fat, moisture, protein contents during 30 days

stora ge period.
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without using a starter culture. Cheese was obtined from Incek village. It

was phkelek. Its texture and aroma was good but it was a little bit salty,

10 g sam ple was taken from cheese and homogenized in sterile 90 ml of 0.1 %,
peptone water. Serial B fold dilutions in sterile 0.1 % peptone water were
prepared for bacterial isolation. Dilutions were plated on MES and M 17
Apar confaining eveloheximide (50 pg/ml) by pour plating method. Plates
were incubated at 30°C for 48h. After activating single colonies in MRS and
M 17 Broth at 30°C for 24h single colony isolation is performed by streaking
to obtain pure cul tures.

1.1 Storage

Single colonies were activated in MRS and M 17 Broth at 30°C for 24h and
stored in slant, 20 % glyeerol at I/] ratio and microbank. Glyeerol and

microbanks were stored at - 30°C while slants were stored at refrigerator.

2.3 Identification

For identification pram stining, catalase, gas production and coagulation
tests were performed. For determination of species APIS0 CH (BioMérieux)

was used. Culmres were also sent to DSMZ (Deutsche Sammlung von
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The resulting sequence data from strains was put into the alignment editor
ael, aligned manually and compared with representative 165 RNA gene
sequences of organisms belonging o the Firmicwtes. For comparison 168
IRMNA sequences were obtained from the EMBL data base, RDP or DSMZ’s

aw database.

2.3.1 Gram Staining

Gram staining was performed and slides were examined under light

MicToscope.

2.3.2 Catalase Test

Culmres grown for 24 hon the maintenance medium were tested for catlase
produe tion with 3% fw/A) HaOy. 1 ml of HyO, solution was poured over the
surface of an agar culture. Effervescence caused by the liberation of free
oxyeen as gas bubbles, indicated the presence of catalase in the culture under
test. As positive control E. coli was used.

233 Gas Produoc tion Test

Gas production test was performed with durham tubes. Gas production is
defined as the presence of gas in the inverted Durham mbe with a
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to remove broth and incubated in 10 % skim milk powder at 30°C for 24h,
Curd formation and pH decrease were observed.

2.3.5 1dentification of Species

Colonies which are gram positive, catalase negafive were chosen. Also curd
formation and pH reduction capability of microorganisms were evaluated.
After choosing the ones which were thought to be the best quality starter,
identification at species level was performed by using APIS0 CH
(BioMérieux). In order to be sure, cultures were also sent to DSMZ for 165

DNA gene sequence analysis.

2.4 Milk

Raw milk was supplied from Miihye village near Birlik Mahallesi, Cankaya
and transported to METU within ice bags and pasteurized at 72°C for 5 min.

2.5 Commercial Starter Cultore

A commereial lactic starter culture (for white cheese) of Lacfococcus lachis

subs. facrix and Laciococcus lacys subs. eremoris ( Lyofast CMS) was used



2.7 Manufactore of White Cheese

Starter culres were activated in maintenance broths (either MES or M
17y at 30°C for 24h. After activation they were centrifuged ( 15000 rpm /
Smin / 4°C) in order to obtain pellet. Pellet was inoculated in 10°4 skim
milk powder { 30°C, 24h). Milk was pasteurized (72 °C for 5 minj, and
cooled down to 32°C.. At this temperature, starter culture, activated in
skim milk powder, was added at 1% ratio (30 ml starter culture for 3000
ml milk). Four chesses were produced, one by using commereial starter
culture [Lyofast CMS (Lactococeus factis subs. lactis and Laciococous
lacsis subs. eremarisi [1.411D:']C'FUJ'|111‘]]35 control and the other three by
using different combinations of isolates [Laciococcus lactis subs. lactis
(1.5%10" CFU/ml)(13%) + Lactobacilius brevis (4. 3% 10° CFLU/m1(4004)
b Laciobacillus paracasei (5.2 w100 CFU/m)(47%); Lacweoecus lactis
subs. lacris (36" + Lacrobacillus pamcasci{64%); Laciococcus lactis
subs. Jaciis (24,5%) + Laciobacillus paracasei (28,5%) + Lactobacillus
brevis (47%)). For the coagulation of the milk and the elimination of the
whey, 30 min after the starter culture addition, rennet enzvime (0.05%)
and CaCly (0.1%), for a firm structure, were added. The milk was
coagulated for 90 min. The coagnlum was cutand pressed (undera 10 kg
weight), overnight chesse was salted in 15 % saline solution. Cheeses

were ripened in this solution in plastic containers at 4°C for 30 days.






Color

Texture

Taste and Aroima

Strange Taste and

Aroma

Salt Content

General Acceptance

Very good
9-8
Very good
9-8
Very good
9-8
Mo

9.5
Mormal

9-8

Very good
9-8

30

Good
T-t
Good
T-t
Good
T-t
Very few

7-t
A little
salty
7-f
Good
7-f

Date:............
Averape  Not good
5-4-3 2-1
Averape  Not good
5-4-3 2-1
Averape  Nof good
5-4-3 2-1
Sensi ble A lot
5-4-3 2-1
Salty Yery much
salty
5-4-3 2-1
Avempe  Nof good
5-4-3 2-1



2822 Total Aerobic Count

Plate Count Agar was used for total asrobic count. Plates were incubated af
30°C for 72 h

2823 Lactebacilltis Enume ration

MRS agar was used for the enumeration of Lacjobacillis. Plates were
incubated at 30°C for 24 h.

2824 Lacrococcus Ennmeration

M 17 agar was used for the enumeration of Lacrococcus. Plates were

inenbated at 30°C for 24 h.

2825 Yeast and Mould Ennmeration

Potato Dextrose Agar was used for yeast and mould enumeration. Plates were

incubated at 25°C for 5 davs.
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Total solid content of the cheeses were determined by using oven drying
method. The difference in weight before and atter drying for 4 hours at 100°C

gives the results of solid content.

2.8.3.2 Fat Content

3 g cheese sample was weighed info a butyrometer vessel and filled with 10
ml H,50, (d: 1.55 g /e m'). 1 mlamyl aleohol was added. Butyrometer vessel

was completed to the level of 35% with H,S0, solution and centrifuged in

Gerber centrifuge for 10 min. The oil level was read from butyrometer vessel.
2833 Fat Content in Total Solid

Fat content in total solid was determined by dividing fat content to total solid.
2834 Ash Content

Samples were dried in oven for 1 h and burned in ash oven at 550°C until all
black color was disappeared. After cooling in desiceator, they were weighed.
The difference in weight before and after burning process gives the ash

coftent.



%o Salt: Gx 0.00585 x100
P
G: Consumed 0.1 N ApNOs amount (ml)

P: Cheese amount included in titration {0.25 g)

2836 Salt Content in Total Solid

Salt content in total solid was determined by dividing salt content to total
salid,

2.B.3.7 Acidity

For determination of titratable acidity 3 g cheese was weighed and erushed
with 10 ml water in porcelain mortar. This solution was transferred into an
erlenmayer tlask, 5 drops phenolphthalein was added and tirated with 0.1 N
NaOH to the first permanent color change to pink.

%o Acidity : NaOH amount x 0,009 x 100 (for 0.1 N NaCOH)

Cheese amount

33
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From the rod shaped isolates 3 of them were found to be catalase positive and
eliminated.

Only four strains produced gas which means except them all others were

homofermantative.

As a result of coagulation test, from 33 isolate 7 of them were chosen. In
coagulation fest, isolates were inoculated in skim milk powder (1004, 30°PC,
24 1) and eurd formation and pH decrease were observed in comparison with
reference culmre (Lyofast CMS). After 24 h incubation period pH of
commercial starter culture was 4. 70 whereas it was minimum 2.95 for sample
number 4 which might be resulted from viable cell count ratio or tyvpe of
microorganism. For evaluation of starter eultures firm eurd strueture and pH

decrease ratios were used. The pH results are presented in Table 3.1.
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3.1.1 Species Identification

3.1.1.1 Identification bv API

For this purpose API 50 CH (BioMérienx) was used. Results were evaluated
in METU Medical Center by using BioMérieux software
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The software results are presented in table 3.6,

Table 3.3 Species identification resolts

Strain No: Species

1 Laciocoecis aefis faefis

I~

Lactobacillus brevis

Laegobacillus collinoides

Lactobacillus paracasei

Lactobacillus brevis

Laeppbacilfus brevis

= | W = el

Lactobacillus brevis

Perez et al. indicated that 23,2 % of the isolates were incorrectly identified by
API as compared with protein fingerprinting [39]. So in order to be sure,
cultures were also sent to DSMZ for 165 rDNA pene sequence analysis.
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Bach cheese was produced by using 3 liter milk. Four samples were

produced, one by using commercial starter eulture as control and the other

thres by using different combinations of isolates. Starter culure combination

ratios are presented in Table 3.7

Table 3.4 Starter culture combination ratios

Sample Starter culture combination ratios
No:
1 Lyofast CMS (Lacrococcus  faceis  subs.  facris  and
(Control) | Lacrococeus laetis subs, ormemoris)
2 Laciococous lactis subs. faciis® (13%) + Lacrobacillus brevs
(400%) + Lacwbacillus paracasei (47%)
3 Lactococeus  lactis  subs.  lacris® (3600)+  Lactobacillus
Pparacasei{64%)
4 Lactococeus lactis subs. faeris® (24.5%) + Lacwobacillus
paracasei (28,5%) + Lacrobacillus breais (47%)

* Lactococcus laciis subs. lacgis isolated from cheese, not the eommercial

strain.
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Pantarum had more proteolyiic activity when compared with Lacrococcus

lacyis sibs. eremoris [34].

3.3 Microbiological Analvsis

In order to define the microbiological strucure of cheeses during ripening, 4

produced chesses were analysed in microbiological aspects.
3.3.1 Total Aerobic Count

The maximum number of total aerobic count was found to be 3.1x10"
(sample 1) and minimum 182100 isample 3) at second day This number
decreased maximum to 2. 1x10° (sample 4) during 30 days ripening period.
This may be explained by the high pH value with the effect of salt and

storage tempera re.

Table 3.5 Total aerobic connt (CFU/g)

Day Sample No

1 2 3 4
2 3. 1x10" 7.2x 10" 1.8x107 1.1 10"
15 3.6 10° 1.5x10° 4.5x10 4.5%10F
30 8. lx 10’ 6.3x10' 9. 3x 10f 2 1wl
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Table 3.6 Lacrobacifluy ennmeration (CFU/g)

Day Sample No

1 2 3 4
2 5.2x10" s4xl0f 1.8x107 4.5x10"
15 2. 7x 10 3.2% 10 4.5x10' 2.7x10"
30 9.9x10" 1.1x10’ 9.0 10 2.1x10"

Lactobacilli starters are normally present at levels of 10" bac teria/g,
confribute to the lactic fermentation, and are involved at the beginning of
ripening. For example, in Emmental cheeses, lactobacilli ferment galactose
excreted by Sirepococous thermophilus, achieve acidification process, and
contribute to primary proteolysis. Their numbers decrease rapidly during
ripening, at a rate depending to some degres on the sensivity of the starters o

salt, on the water activity, and on the antolysis power of the strains [33].
3.33 Lactocecens Ennmeration
The maximum mumber of Iaefeeoceus count was found to be 4 .6x10"

(sample 1) and minimum 2. 1xl10 isapmle 3) at second day This number
decreased maximum to1.8x10° (sample 4) during 30 days ripening period.
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334 Mould and Yeast Enumeration
The maximum number of mould and veast count was found to be 1.1x10°

(sample 1) and minimum 24510 isample 2) at second day This number
decreased maximum to 1.6x 10" (sample 4) during 30 days ripening period.

Table 3.8 Mounld amd veast enumeration (CFU/g)

Day Sample No

1 2 3 4
2 1 1x10f 2.4x10° 3.6 1T 9,0 107
15 3.5x 10 1.2z 10 3.6 10 3.6 107
30 5410 1.ax 10 5.0 100 1.t 107

Tayar (1995) stated that, in white cheeses produced in three different plants
with traditional methods mould and veast enumeration was found to be
between 1.0x10"- 2.0x10" efwy [36].

3.3.5 Coliform Bacteria Enumeration

Coliform was not seen in any sample which shows us there s no

contamination.



solid content in sample 2 between 2. and 30. day whereas there is a slight

increase in other samples.

Eurdal and Giirunea (1996) found total solid content in chesses sold in Bursa
between 42.46- 48.76% [35].

Tayar (1995) stated that, in white cheeses produced in three different plants
with raditional methods total solid content was found to be 33.13-38.59 %
[36].

Berker (1988) found the total solid content at 1., 15. and 30. davs as 45.67,

46.15 and 44.75 % respectively in white cheeses produced with waditional
methods [87)].

342 Fat Content
At the end of ripening period fat content was found maximum 22.50 %
(sample 1) and minimum 19.25 % (sample 3). In sample 2 and 3 fat content

increased slightly during ripening period whereas it decreased in sample 4,

Eurdal and Giirtunca (1996) found fat content in cheeses sold in Buma
between 16.40- 23300 [85].

43



EE

(A L R R N L TRE NN RN

344 Ash Content

At the end of ripening period ash content was found maximum 10.34 %
(sample 3) and minimum 645 % (sample 2). Ash content increased in

samples 1and 3 whereas it decreased in samples 2 and 4.

Eurdal and Giirtunca (1996) found ash content in cheeses sold in Bursa
between 4.73- 5.93 % [85],

34.5 Salt Content

At the end of ripening period salt content was found maximum 9.52 %
(sample 4) and minimum 7.72 % (sample 2 and 3). There is an increase in

saltcontent in samples 1, 2 and 4.

Eurdal and Giirtunca (1996) found salt content in cheeses sold in Bursa
between 3.70- 5.46 % [85],

Tayar (1995) stated that, in white cheeses produced in three different plants
with traditional methods salt content was found to be 4.21-5.26 %, [34].

Berker (1988) found the salt content at 1., 15. and 30. days as 4.25, 4.60 and
4.29 % respectively in white cheeses produced with traditional methods [37].
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34.8 pH
At the end of ripening period pH was found maximum 4.62 {sample 3) and
minimum 4.57 (sample 1 and 2). There is a decrease in @ in all samples

during 30 day ripening period.

Tayar (1995) stated that, in white cheeses produced in three different plants
with traditional methods pH was found to be between 4.38-5.94 [36].

Berker (1988) found the pH value at 1., 15, and 30. days as 5.1, 4.5, 4.7
respectively in white cheeses produced with raditional methods [87].

3.4.9 Protein Content
At the end of ripening period protein content was found maximum 14.66 %
(sample 2) and minimum 13.73 % (sample 3). Proein content decreased in

samples 1, 3 and 4 while it increased in sample 2.

EKurdal and Giirtunea (1996) found protein content in cheeses sold in Bursa
between 14.73- 1695 % [85].
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Texture 3 9 & 9

Taste and 7 8 f G
Aroma
Strange Taste 9 9 9 9
and Aroma (no) (110 (110 (1o
Salt Content 3 fa 4 4
(salty) (a little saltw) {=saln) (saltv)
General f 8 t 8
Acceprance

Note: Maximum grade is 9. Data are the average values of 4 people.
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Turkish White Cheese were limited.

In this study 4 samples by using different combinations [Laciococous lacis
subs. faeris + Lactococcns lactis subs. eremoris (1), Lactococcus lacis subs,
lacgis + Laciobacillus brevis + Laciobacillus paracasei (2), Lacirococous
lactis subs, laenis + Lactobacillus paracasei (3), Lactococens lactis subs,
lacgis + Lactobacillus paracasel + Lacrobacillus brevis (41] were produced
and ripened at  + 4°C for 30 days. At the 2"‘1, 15" and 30" days

microbiological, physical, chemical and sensory properties were examined.
Below mentioned results were obtained.

13 During ripening period there was a decrease in the number of lactic acid
bacteria. However decrease in ratio was smaller in sample 3 and 4 which
shows that the bacteria used during manufacture of those samples were
more resistant to salt and acidity. Although there was an increase in salt
content in samples 1, 2 and 4, there was a decrease in salt content in
sample 3. The slight decrease in the number of microorganisms in sample

3 may be related with this salt content.
2y In any of the samples no coliform was observed which indicates that the

pasteurization was sufficient and no contamination ececurred during the

manufae turing proc ess.
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71 In the sensory analysis samples 2 and 4 were the most appreciated ones.

There are studies recently evaluated the suitability of probiotic cultures as
adjunet cultures in various cheeses: Lb acidophiles and Lb easel in
Argentinian Fresco cheese, Lb paracasei in cheddar cheeses, and Lb

acidophilus in goat’s milk cheeses [53].

Tittsler et al. elaimed that the homofermentative L. casel and L. planfarum
generally improved flavor, whereas the heterofementative L. brevds and L
Sermenii penerally produced undesirable flavors [64]. However according o
physico-chemical analysis (total solid, fat and protein content) sample 2 was
the nearest one to the sample 1 which was produeed by using commercial
culture. In sensory analysis sample 2 and 4 were the most appreciated ones
which shows that independent from analytical results faste and aroma is also

very important in choosing the right starter e ulture.
In summary, Lacmpeacens factis subs. facis (13%) + Lactobacillus brevds

(40001 + Lactobacillus paracasei (47%) combination seems to be the best and
can be suggested as an ideal combination for White Chesse produe tion.
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Plate Count A gar LAB M

Potato Dexttrose Apar LABM

Violet Red Bile Apar Difeo

Skim Milk Powder Fluka

Gl veerol Merck

Eennet Enzvme Trakva Pevnir Mavasi

Starter Culte Lyofast

Caleium Chloride Marmara Industrial Chemicals
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Peptone from casein

Meat extract

Yeast extract

D (+) Glucose

di-Potassium hydrogen phosphate
Tween 80

di-Ammonium hydrogen citrate
Sodium acetate

Ma gnesinm sulfate

Manganese sulfate

Agar-apar

10.0
10.0
4.0
2000
2.0
1.0
2.0
5.0
0.2
0.04
14.0



di-Potssinm hydrogen phosphate
Tween 20

di-Ammonium hydrogen citrate
Sodium acetate

Magnesinm sulfate

Manganese sulfate

3. M 17 Agar

Formula (grams per liter)

Pepione from sovmeal
Peptone from meat
Pepione from casein
Meat extract

Yeast extract

D (+) Lactose
Ascorbic acid

M- glye ero phos phate
Magnesinm sulfate

Agar-apar

3

5.0
2.5
25
5.0
2.5
5.0
0.5
19.0
0.25
1275



D (+) Lactose 50

Ascorbic acid 0.5
Ma- - glye erophos phate 19.0
Ma gnesinm sulfate 0.25

5. Plate Count Agar

Formula (grams per liter)

Tryptone 5.0
Yeast extract 25
Glucose 1.0
AparNo, 2 12.0

6. Potato Dextrose Agar

Formula (grams per liter)

Patato extract 4.0
Dextrose 2000
Apar No. 1 15.0



e

Bacto- Apar 15.0
Bacto- Crystal violet 0.002

f. Skim Milk Powder

Analysis
Water < 3%
Ash < 10 %
Total nitrogen ~5.3%
Lipid content < 1.5%
Reducing sugars ~355%

{as lactose monohvdrate)
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