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Abstract

Ripening is a slow, and consequently an expensieegss. Acceleration of cheese ripening has redeive
considerable attention in the scientific literatfeox et al., 1996, El Soda et al.,, 2003, Wilkinsd®93,
Upadhyay and McSweeney, 2003).Certain approaches haen used to accelerate the ripening of cheese,
including the use of an elevated ripening tempeeaiddition of attenuated starters, and use ainatljcultures.
The aim of the paper is to investigate the rolaténuated starter to formation of Holandes chesessory
properties.

Holandes cheeses (Edam type cheese) from one noctumafa with/without attenuated starter culture were
chosen for experiments. Cheese samples were rigendgD days at 6 °C and 12 °C. Cheeses were agtlyz
during ripening (60 days) for chemical (aroma comts), physical (@ pH and elasticity) and microbiological
(colony forming units of lactic acid bacteria) comsftion. Mesophilic lactic acid bacteria were enuaibed on
MRS agar at 37C 72 h. Volatiles were detected using solid pha€#Ms, the extraction of components was
carried out using of 75 um CAR-PDMS fibre. pH, @nd elasticity of cheese samples were measured usi
appropriate standards procedures.

Attenuated starter has impact on the sensory piiepesf Holandes cheese.The starter intensifieslaveur of
cheese and accelerates proteolysis without nedgssatucing of ripening time. Modification of thepening
temperature influences the rate of flavour andcstine development in Holandes cheeses. In spigdtehuated
starterthe slow development of flavour are obsemezheeses ripened af®.

Attenuated starter accelerates ripening, interssifiavour and controlsthe growing of non startetitaacid
bacteria in Holandes cheese.
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Introduction

Cheese ripening is a slow and expensive processelé&@tion of cheese ripening has
received considerable attention in the scientitierdture (Fox et al., 1996, El Soda et al.,
2003, Wilkinson, 1993, Upadhyay and McSweeney, 200arious approaches have been
used to accelerate the ripening of cheese, indudite use of an elevated ripening
temperature, addition of exogenous enzymes orw#ted starters, use of adjunct cultures,
use of genetically modified starter bacteria argh¥pressure treatments.

The simplest and the most successful approach delexate ripening studied to date is an
elevated ripening temperature (Folkertsma et a96) Modification of the ripening
temperature is used to control the rate of flavdewelopment in hard cheeses, and ripening at
an elevated temperature results in the rapid dpuwedat of flavour, although problems can
occur with texture.

Finally, recent advances in the genetics of laegt@d bacteria (LAB) and a greater
understanding of the role of specific enzymes eadhneration of volatile flavour compounds
in cheese during ripening will facilitate the dey@minent of starter genetically modified to
enhance flavour development.

The aim of this paper is to investigate the rolaténuated starter to formation of Holandes
cheese sensory properties.

Materials and Methods

Unripened Holandes cheese (Edam type) samplesawitwithout attenuated starter cultures
were chosen from one cheese manufacturer in LaGieeese has 45% of fat content in
dry matter and not greater than 44% of moistureesdnaccording to the branch standard
LPCS 11:2001 “Holandes siers”.

Cheese samples were ripened for 60 days at 6 °Q2A@ for evaluation of the influence of

attenuated starter on cheese ripening during ttereint temperature regimes. The ripening
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temperature at 8C was selected according to ordinary practice itviha cheesemaking and
at 12°C was intended to achieve the classical sensopepties of Holandes cheese.
Cheese samples were analyzed during ripening femial, physical and microbiological
indices. Mesophilic. AB were enumerated on MRS agar at@772 h.

Volatile compoundswere detected using solid phase GS/MS (Clarus &IYMS,
PerkinElmer Inc.), the extraction of components wasied out using of 75 pm CAR/PDMS
fibre.

pH was measured using 3520 pH Meter — JENWAY (BarltavBcientific Ltd., Essex, UK).
The compression force for measurementtideses elasticityas determined by TA.XT Plus
Texture Analyser (Stable Microsystems Ltd., Surrgi).A spherical probe (P/1S — Ball
Stainless) was used for compression of sample. Spestd, distance and trigger force were
2 mm §', 5 mm and 0.0493 N, respectively.

Water activitywas determined by Meter AqualLab LITE (Decagon WSA).

All parameters were determined in triplicate or enaccording to the method of procedure.
Analysis of variancdANOVA)was performed in order to identify significantfdiiences in
pH and elasticity between cheeese samples witlwéhdut attenuated starter.

Results and Discussion

The quality and intensity of cheese flavour canbetpredicted precisely during ripening.
There is an economic incentive for the developnoémethods for the acceleration of cheese
ripening, provided that the flavour and texture cenmaintained and characteristic of the
variety (Fox et al., 2000). Acceleration of cheegeening can be achieved by various
practices among them could be mentioned elevajgehing temperatures and usage of
attenuated starter.The influence of above mentiéaetdrs on ripening Holandes cheese have
been analyzed.

Colony forming units of non starter lactic acid tea@ in analysed Holandes cheese samples
were presented in Figure 1.

—e— Holandes cheese without attenuated starter ripah@ttC Time, days
—-@—-Holandes cheese without attenuated starter ripah2a°C

—A— Holandes cheese with attenuated starter ripenédGat

--A-- Holandes cheese with attenuated starter ripeng2 &

Figure 1.The dynamic of colony forming units of norstarter lactic acid bacteria in
Holandes cheeses with/without attenuated starter ding ripening
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The differences in non starter lactic acid bacteatony forming units were observed in
cheeses with and without attenuated starter frarb#ginning of ripening. The highest value
of colony forming units was observed in Holandesas®e samples with attenuated starter
(7.45 log CFU @) comparing with Holandes cheese samples withognaated starter
(4.62 log CFU §).
On 30 day of ripening the growth of colony formingits was 7.83 and 7.10 log CFUJ in
comparisson with initial numbers, reaching peakuealor cheese ripening at 1€. The
obtained results showed that the lowest growing cdtnon starterlactic acid bacteria was
detected in Holandes cheese samples with attenstgddr during ripening. Cheese samples
maturated at 6C the peak value of colony forming units reachddrad5 days of ripening.
Ripening at 6C reduces lactic acid bacteria growth rate. Howesaccessful ripening at
elevated temperatures requires careful controheése composition and microflora.
During ripening enzymes such as residual chymassidual plasmin and enzymes from the
starter bacteria and cheese microflora are stiv@@nd metabolise residual lactose, protein
and fat till different compounds, also loss of wdtg evaporation is observed. Salt content,
lactate concentration, amino acids, small peptales$ calcium phosphate are important for
changes of water activity from 0.995 at the begigniill 0.971 at the end of ripening in
cheese. Water activity influences the proliferatainmicroorganisms in cheeses. There are
find differences in the growing rate of microorgans between samples with and without
attenuated starter during ripening.
The growth rate and population density of non etddctic acid bacteria are affected by pH
of cheese. The changes of cheese pH during rip@mexghowed in Figure 2.
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—&— Holandes cheese without attenuated starter ripahétC Time, days
@ Holandes cheese without attenuated starter ripan&a°C

—&— Holandes cheese with attenuated starter ripen@dCat

A Holandes cheese with attenuated starter ripent2 &

Figure 2.The dynamics of pH in Holandes cheeses wiand without attenuated starter
during ripening

The ripening temperature influences the rate ottgmgsis, lypolysis, cheese microflora,
texture and aroma of cheese and as a result oksexwe rapid elevation of pH curves. Also
higher pH was determined in Holandes cheese sampitts attenuated starter in the
beginning of ripening. It could be explained bygamiof alkaline products of proteolysis due
to proteolytic and peptidolytic activity of atteriad starter (Cogan et al., 2002). Also,
attenuated starters can be defined as lactic aaaleba which are unable to produce
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significant levels of acid during cheesemaking, Which provide active starter enzymes that
are important for cheese ripening and flavour dgwelent. There are observed some
similarities in the dynamics of pH between cheeammes with and without attenuated
starter. Due to higher initial pH of samples wittteauated starter the increasing of pH
continues during ripening, reaching pH 5.74 atnipg temperature of 12C and pH 5.66 at
ripening temperature of €. This differs significantly (p<0.05) from cheesasthout
attenuated starter, respectively, pH 5.62 &d2and pH 5.52 at &C.

The development of volatile compounds in Holandeeese samples have been studied
throughout ripening period. 24 compounds, each widlistinctive aroma character, have been
identified in cheese, and these provide the largastribution to diversity of cheese flavour.
Compounds identified in cheeses include fatty a¢atstic, butanoic, hexanoic, octanoic,
nonanoic, decanoic and dodecanoic acids), keto2gmr{tanone, 2-undecanone, diacetyl,
acetoin, 2-octanone, 2-undecanone, 2-nonanoneptasene), alcohols (3-methyl butanol, 1-
pentanol, 2-methyl propanol), aldehydes (nonanattadecanal, 3-methyl butanal,
benzaldehyde), lactoned@odecalactone) and D-limonene.

The same volatile compounds were present in eguehdf/cheese. Differences were observed
in the levels of 3-methyl butanol, 1-pentanol, 24a@one, acetoin, 2-octanone, 2-nonanone,
2-undecanone, nonanal, 3-methyl butanal, benzaftbehyn cheeses with attenuated
starterhave the higher levels of mentioned compisndran in cheeses without attenuated
starter. The influence of cheese microflora on tlelaompounds production was observed.
Moreover, the levels of all compounds increasechieese at a ripening temperature ofC2
compared with 6C.

The influence of ripening on Holandes cheese texpuoperties was showed in Figure 3.
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Figure 3.The changes of texture in Holandes cheesggh and without attenuated starter
during ripening

The changes of cheese elasticity were observed heese samples. Some authors
(Bertola et al., 2000) were found that texture d@wment was accelerated by increasing the
ripening temperature. According to Lawrence (198&a, the cheese texture changes
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markedly during the first two weeks of ripening aesactly ripening temperature has
significant impact on cheese texture during akning.

Holandes cheese with attenuated starter was gpier05) and the tendency was maintained
during ripening at 6 and IZ. It indicated on higher proteolysis rate in clesesvith
attenuated starter due to increase of water sohliblegen fraction that contribute to water
binding and texture softening (Waagner, Nielsef420Besides softer texture, differences in
the flavour profile of cheese can be observed aagythe volatiles in cheeses. The flavour
of the ripened cheese samples is richer and manples when attenuated starter is used in
cheese production. It could be explained with déifé volatile compounds, each with a
distinctive aroma character, have been identifreccheese sample, and these provide the
largest contribution to the diversity of cheesedar.

Conclusions

1. Attenuated starter accelerates ripening, interssifi@our and controls non starter lactic
acid bacteria in Holandes cheese.

2. Attenuated starteris unable to produce significaewels of lactic acid during
cheesemaking.

3. The higher levels of 3-methyl butanol, 1-pentar@dipentanone, acetoin, 2-octanone,
2-nonanone, 2-undecanone, nonanal, 3-methyl butarhlbenzaldehyde are established
in cheeses with attenuated starter than in che@iesut attenuated starter.

4. In spite of attenuated starterthe slow developnoénfiavour are observed in cheeses
ripened at 6C.
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