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Abstract

Visser, F. M. W. (1977) Contribution of enzymes from rennet, starter bacteria and milk to
proteolysis and flavour development in Gouda cheese. Doctoral thesis, Wageningen. (viii) - 32 p.. 2
figs, 1 table, 79 refs, Eng. and Dutch summaries, Neth. Milk Dairy J. 30 (1976): 41-54; 31 (1977):
120-133, 188-209, 210-239, 247-264, 265-276.

Also: Agric. Res. Rep. (Vers!, landbouwk. Onderz.) 870, p. 11-1 - 11-32

A method for the aseptic manufacture of cheeses, free either from rennet or from rennet and starter, is
described, allowing the action of starter bacteria and milk pratease to be studied without the
interference of rennet. These cheeses, together with aseptic starter-free cheeses, were used ta elucidate
the contribution of rennet, starter bacteria and milk protease to breakdown of protein and to
development of bitterness and cheese flavour during ripening of Gouda cheese. Theircombinedaction
was studied in normal aseptic cheeses, allowing the estimation of possible interactions. Different
amounts of enclosed rennet and different starter cultures, either ‘bitter’ or ‘non-bitter’, were used inthe
cheeses, Proteolysis was characterized by different analytical methods.

Free descriptors: aseptic cheesemaking, rennet-free cheese, starter-free cheese, rennet-and starter-free

cheese, Gouda cheese, cheese ripening, rennet, starter bacteria, milk protease, proteolysis, bitter
flavour, cheese flavour, (bitter) peptides, amino acids, gel electrophoresis of cheese.

This thesis will also be published in Agricultural Research Reports 870.
® Centre for Agricultural Publishing and Documentation, Wageningen, 1977.

No part of this bool_c may be reproduced and/ or published in any form, by print, photoprint, microfilm or
any other means without written permission fram the publishers.



Stellingen

1. Bij de ontwikkeling van gelmmoblhseerde enzympreparaten voor de strcmmmg
van kaasmelk gaal men voorbij aan het belang van een zekere hoevecelheid ingesloten
stremsel voor de rijping van kaas.

M. J. Taylor, T. Richardson & N. F. Olson, J. Milk Fd. Technol. 3% (1976) 864.

2. De opmerkelijke stabiliteit van proteolytische enzymsystemen tijdens de rijping
van kaas kan, in het bijzonder bij stremsel, mede te danken zijn aan een door
bepaalde kaascomponenten uitgeoefende beschermende werking.

3. Bezwaren tegen de bepaling van de stremselactiviteit in kaas met behulp van een
extractiemethode zijn ongegrond, indien ze gebaseerd zijn op een mogelijk storende
invloed van zuurselproteinasen.

F. M. W. Visser, Neth, Milk Dairy J. 30 (1976) 41.

M. L. Green, J. Dairy Res, 44 (1977) 159.
J. Stadhouders, G. Hup & C, B. van der Waals, Neth. Milk Dairy J. 31 {1977) 3.

4. Bij de produktie van een Goudse kaas die behalve door de afwezigheid van het
gebrek “bitter” tevens wordt gekenmerkt door de aanwezigheid van voldoende
kaassmaak, is de keuze van een geschikt zuursel van primair belang.

Dit proefschrift,
5. Het verdient aanbeveling bij de bepaling van het kiemgetal van gekoeld bewaarde,

rauwe melk het verdunde monster een intensievere mengbehandeling te geven dan op
dit moment gebruikelijk is.

1. E. Te Whaiti & T.F. Frijer, N.Z. J. Dairy Sci. Technol. 12 (1977} 51.
6. De frequent geciteerde uitspraak van Reiter et al., dat melkprotease in kaas

aminozuren vormt, is weliswaar juist, maar vindt volstrekt onvoldoende steun in de
door hen beschreven experimenten.

B. Reiter, Y. Sorokin, A. Pickering & A. J, Hall, J. Dairy Res. 36 (1969) 65.
7. De antagonistische werking van melkzuurbacterién op meerdere soorten pathoge-

ne en bederfverwekkende micro-organismen in gefermenteerde levensmiddelen ver-
dient meer aandacht en toepassing buiten de zuivelindustrie.

C. Daly, W. E. Sandine & P. R. Elliker, J. Milk Fd. Technol. 35 (1972) 349.



8. Bij de bepaling van de volumninositeit van caseinemicellen met behulp van
viscosimetrie dient bij lagere temperaturen rekening te worden gehouden met een
viscositeitsverhogende werking van dissociérend [S-caseine.

S. M. Sood, K. S. Sidhu & R. K. Dewan, Milchwissenschait 31 (1976} 470.
M. Noelken & M. Reibstein, Arch. Biochem. Biophys. 123 {1968) 397.

9. Het valt te betwijfelen of de uitgangspunten van de logaritmische afstervingsthe-
orie in overeenstemming zijn met het optreden van subletale beschadigingen bij
het vernietigen van micro-organismen.

10. Het in de Warenwet gehanteerde Federgetal als norm voor de samenstelling van
vleeswaren dient te worden vervangen door kwaliteitseisen waarin het rechtstreeks
bepaalde eiwitgehalte en het bindweefselgehaite zijn opgenomen.

11. Het dient als onjuist te worden aangemerkt aan bepaalde voedingsmiddelen een
gunstige dan wel ongunstige invioed op de gezondheid toete schrijven; een voedingsmid-
delenpakket mag slechts in zijn geheel en inrelatie tot de gebruikers worden beoordeeld.

Stellingen behorend bij het proefschrift van Ir, F. M. W. Visser, getiteld ‘Contribution of enzymes from
rennet, starter bacteria and milk to proteolysis and flavour development in Gouda cheese’.
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Op de eerste plaats dank ik mijn moeder die mij de mogelijkheid heeft geboden te
studeren, Tevens past bij deze gelegenheid een woord van dank aan al degenen, van
onderwijzers tot professoren, die aan mijn vorming hebben bijgedragen. Hooggeleer-
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Introduction

1. Ripening of cheese

The development of a high quality cheese is primarily dependent on a controlled
fermentation of the concentrated milk constituents. Although this process starts
during manufacture, for most cheese varieties a longer or shorter period of maturati-
on is required before consumption. During this ripening the lactose, the protein and
the fat are involved in a complex series of biochemical reactions, resulting in the
development of the desired flavour and the optimum physical characteristics,

Gouda cheese is a semi-hard, full-cream cheese variety that can be consumed from
about | month of ripening onwards, but that is often kept for a longer ripening time
up to 1 year and more. Its production is of great economic importance for the Dutch
dairy industry. In 1976 the production amounted about 260 000 tons. Although large
amounts (about 509} are exported from the Netherlands, Gouda cheese is produced
in considerable proportions in other countries too.

Normal Gouda cheese is manufactured from low-pasteurized cow’s milk, using calf
rennet to clot the milk. In other countries rennet substitutes are being used
increasingly. As a rule mixed-strain starter cultures containing Streptococcus cremo-
ris strains together with aroma producing streptococci or leuconostocs are used.
Edam cheeses, that have a lower fat content and a different shape, are manufactured
in an corresponding way and therefore can be expected to show a ripening process
almost identical with that in Gouda cheese.

2. Breakdown of protein

Decomposition of protein during ripening governs the conversion of the rubbery and
coarse original curd into a more or less smooth-bodied, homogencous substance.
Especially in soft types of cheese like Camembert, Limburger and Meshanger, these
changes in consistency are outstanding (1).

Proteolysis, however, also influences the flavour of the cheese since many break-
down products - amine acids and peptides in particular - are considered to be
significant contributors to cheese flavour directly, or to be precursors for other
characteristic taste and aroma components (2,3). Moreover they are implicated in
certain flavour defects of the cheese, especially bitterness (4,5,6).

Proteolysis, therefore, is a determinative process for the quality of nearly all
ripened cheese types, whether a short-ripened soft type of cheese, like Camembert, or
a long-ripened hard varicty like Cheddar cheese.
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Since most of the soluble serum proteins and the glycomacropeptide of k-casein are
lost with the whey during manufacture of Gouda cheese, paracasein is the principal
substrate for the proteolytic enzymes during the ripening. It constitutes more than
96% of the protein in cheese.

Paracasein, however, is nol a homogeneous substrate but is a complex of at least
three major components, &g -casein, S-casein and para-x-casein. They represent
about 50, 35 and 10% of the total paracasein in cheese respectively. All three are
relatively hydrophobic phosphoproteins with molecular weights of about 23 600
(7). 24000 (B) and 12300 (para-x). The primary structure is elucidated at this
moment and was reviewed by Mercier et al (7).

In Gouda cheese four main groups of agents could be responsible for the degradation
of paracasein during ripening.

- The coagulant (rennet). Rennet contains the proteolytic enzyme rennin (chymo-
sin). A certain proportion of the rennet used to clot the milk is normally incorporated
in the curd and survives the making of Gouda cheese into the ripening period (8).
— The starter bacteria or their enzymes. Starter bacteria were shown to possess a
rather complex system of endo- and exopeptidase activities (9). Several authors
reviewed literature on the proteolytic activity of lactic acid bacteria used in cheese
manufacture (10,11,12).

— The indigenous milk protease. Cow’s milk was shown to contain a proteolytic
enzyme system of non-bacterial origin (13,14), that survives pasteurization of the
cheese milk (15). Being associated with the casein fraction of milk, it will finish up in
the cheese, :

- Non-starter micro-organisms or their enzymes. These organisms can originate
from the raw miik or enter the cheese by multifarious and haphazard contamination
during manufacture. Apart from bacteria like lactobacilli, that always grow to high
numbers in Gouda cheese, cells or enzymes from a variety of other micro-organisms
may be found in Gouda cheese,

Most bacteria involved in cheese ripening are equipped with a proteolytic enzyme
system consisting of various proteinases and peptidases of intracellular and extracel-
lular location. The effective activity of these enzymes in cheese is dependent, inter alia,
on maximum cell count reached and on time and degree of cell-lysis. The rennet used
in che.elsemaking is a crude enzyme extract from calf stomachs that may contain
impurities of others proteolytic enzymes than rennin (e.g. pepsin).

Thus proteolysis during ripening of a normal Gouda cheese is an extremely

Fomplex process that is operated by multifarious enzymes, The activity of each can be
influenced by products formed by the others, '

Because .difﬂ?rent proteolytic enzymes act together, one would expect that during
cheese ripening a mixture of breakdown products would develop with different
rar::Q(l!:cular weights, ranging from hardly attacked casein fractions to the small amino
138,
For the assay of protein breakdown, different analytical methods are available.
Because qf the heterogeneity of the products, no one method is however available to
characterize the progress of proteolysis completely, expressing it in one distinguis-
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hing number or value. The characterization of proteolysis will often depend on the
scope of study and the method used. In study of cheese consistency, for instance,
analysis of the larger insoluble protein fractions will be relevant. In cheese flavour
research, analysis of smaller soluble breakdown products and amino acids will give
information. For this Schormiiller {16) introduced the two terms ‘extent’ and ‘depth’
of proteolysis.

The hydrolysis of protein in cheese has long been assessed by measuring the
nitrogen soluble in a certain extraction liquid, separating the compounds by
properties like solubility in water, in trichloroacetic acid solutions of different
concentrations, solubility at pH 4.6, and precipitability by calcium (17,18,19).
Among the disadvantages of these methods are that it is not clear what exactly is
being measured and that what is being measured may vary between cheeses.

In the last decade, gel electrophoresis has been used increasingly, Usually polyacryl-
amide or starch gels have been used (20, 21, 22). Disappearance of the different casein
components and formation of some larger breakdown products can so be followed.

Gel filtration has been proposed too to analyse protcoiysis in cheese but such
methods are less sensitive than electrophoresis (23,24,25). Gel filtration is also
suitable for analysis of low molecular weight, soluble fractions {25,26) but attention
should be paid that conditions during chromatography encourage dissociation.

The total amount and pattern of free amino acids in cheese have long been used to
follow proteolysis (19,27,28).

Occasionally different chromatographic or other methods have been described in
the literature, '

The ultimate description of proteolysis would be to identify all the peptides and
amino acids formed and thereby the peptide bonds cleaved. A restricted number of
{bitter) peptides have indeed been isolated and identified from cheese (6,29).

Over the years, much effort has been spent in describing protein breakdown and
flavour development in various types of cheese, as is testified by numerous publica-
tions. Usually cheeses made in commercial or pilot plant were employed in these
investigations. Although adventitious growing bacteria could always exert various
influences on the ripening of these cheeses, rennet and starter bacteria together were
thougt to play the central role in protein breakdown in Gouda cheese (30). Native milk
protease was thought to be of limited influence only (30).

Nowadays research on cheese proteolysis knows different angles of incidence.

Because of the complexity of both the substrate and the enzyme systems in cheese,
many investigations are performed with milk, solutions of casein components or
synthetic peptides as model substrates to elucidate the separate proteolytic actions of
rennin (31, 32, 33), starter bacteria or their cell extracts (10, 34, 35, 36), and isolated
milk protease (13,14). Although fundamental knowledge, especially about the
specificity of rennin, has been gained in this way, these results need not reflect the
activity of the enzyme systems in cheese itself. Studies with more ‘cheese-like’ model
systems, like cheese slurries and paracaseinate-phosphate complex, have been
reported too (37, 38).

Another approach is to unravel the proteolytic system of starter bacteria involved
in cheesemaking by isolating, characterizing and locating the different enzyme
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activities of the cultured cells (9,11,39,40).

Research on proteolysis and flavour development in cheese itself has made
considerable progress since aseptic cheesemaking was introduced, obviating the
uncertain and changing effects of adventitious bacteria (28,41,42,43). The major role
of starter bacteria in development of flavour in Gouda (44,45) and Cheddar cheeses
(46) was demonstrated. Lawrence et al. (12) recently reviewed literature in this field.
By aseptic techniques, the central role of rennet and starter bacteria in proteolysis of
Cheddar and Gouda cheese was convincingly proved (28,44). Chemical acidification
- instead of a starter — was first introduced by Mabbit et al (47). Ever since, that
technique or modifications of it have been used to characterize qualitatively the
action of rennet alone in cheese (19,25,28,44,48).

3. The ‘bitter’ defect in cheese

Although a sligt bitter taste can be desired in some foods and beverages (grape fruits,
beer etc.), it is generally judged as a defect. Today bitterness is one of the most
frequently occurring defective flavours in cheese. It has long been recognized as a
major defect in Gouda and Cheddar cheese but also occurs in diverse other sorts of
cheese. Although the frequency of other cheese defects has been decreased greatly in
the past decades by better hygienic and technological control of the cheesemaking
process, the defect ‘bitter’ is still an actual problem. The occurrence of bitter off-
flavours has been a main hindrance to the introduction of a number of other
procedures in cheesemaking such as the use of high-pasteurized cheesemilk, the
introduction of alternative rennets and the use of fast-acidifying starter strains, for
mstance.

The bitter defect in cheese is attributable to the accumulation of bitter-tasting
peptides from cascin components during ripening (4,5,6). Since a high average
hydrophobicity appears to be a common property of bitter peptides (49,50,51), the
strongly hydrophobic caseins (7) are extremely susceptible to liberation of bitter
peptides on hydrolysis. Use of casein hydrolysates in other foods is hindered by these
bitter flavours.

Thus the occurrence of bitter defects in cheese is closely interwoven with the
protein breakdown during ripening.

During the last decade, many studies on the origin of this problem have been
reported and reviewed (52,53). By far, the majority of the research was on Gouda and
Cheddar cheese. Rennet and certain starter bacteria were shown to determine
accumulation of these bitter peptides, as well as general proteolysis. However the
exact roles of these enzyme systems in the formation and degradation of bitier
peptides in cheese and their interaction, if any, are still hypothetical. Stadhouders
ax_md coworkers (54) emphasized the important role of rennet in the production of
bitter compounds in Gouda cheese. However Lowric et al. (12,55) considered the
starter to be responsible for bitter formation in Cheddar cheese.

Un_t:l now most of the researchers have used normal ‘open-vat’ cheeses and have
f:xaml-ned manufacturing conditions affecting bitterness in cheese (54, 56, 57). Other
investigators succeeded in isolation and chemical identification of bitter peptides
from the cheese itself (6,58), while many others employ model systems of casein to
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study the bitter peptides formed by different proteolytic enzymes (33,59,60). Such
experiments may be helpful for a better understanding of the complex problem of
bitter flavour in cheese. Another field of research is the study of starter bacteria
outside the cheese - often in milk cultures - to characterize properties associated with
the production or degradation of bitter peptides (40,61,62,63).

Aseptic cheesemaking techniques to study bitterness have been employed only by
Lowrie et al (46) for Cheddar cheese.

4. Purpose of the research and approach

‘Both rennet and starter bacteria are recognized to play the major roles in protein
breakdown during ripening of Gouda cheese and in developinent of cheese flavour
and bitter defects. Native milk protease was earlier thought to be of minor importan-
ce but recently received considerable attention as a,possible agent in cheese proteolysis
(15,64). Although there are several theories, partly controversial, about the role of
these enzyme systems in proteolysis and bitter development, their exact contributions
and interactions are not well understood.

The purpose of our investigations was to study in cheese the separate and
combined action of rennet and starter bacteria especially in proteolysis and bitter
defect. Only after assessing their separate contributions can a reliable estimate be
made of possible interactive forces between the enzyme systems. Since the problems
of cheese proteolysis and bitterness run parallel and since the defect ‘bitter’ is
essentially a proteolytic problem, it is feasible to investigate both themes together.

With the technique for the aseptic manufacture of Gouda cheese combined with
the aseptic milking of sclected cows, both developed at our laboratory by Kleter
(43,65), one can restrict the proteolytic activity in cheese o rennet, starter bacteria
and milk protease.

To study the separate action of starter bacteria in-cheese, we had to develop a
method of aseptic cheesemaking by which rennet was excluded from the ripening
process. Nevertheless the cheese should be normal in composition and should offer
starter bacteria and their enzymes a normal substrate during ripening.

The use of an artificially acidifying agent, like &-gluconic acid lactone, during
manufacture allowed us to eliminate the activity of the starter bacteria in cheese, The
use of an aseptic cheesemaking technique is prerequisite for the manufacture of an
edible starter-free cheese. We had to face a number of problems concerning asepsis,
composition and rennet retention before we could make a reliable quantitative
estimate of rennet action in this way. Several authors employed a similar technique.

Finally, the use of the chemical acidification during ‘rennet-free’ cheesemaking
would give a cheese in which only milk protease is active during ripening and would
allow study of this enzyme system in cheese alone.

Table 1 lists different types of aseptically made cheese types used in our studies on
the separate and combined action of rennet, starter bacteria and mitk protease during
ripening of Gouda cheese.

Both ‘bitter’ and ‘non-bitter’ starter bacteria were used for cheesemaking to
compare the degradation of protein during the ripening of bitter and non-bitter
cheeses.
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Hardly any studies on cheese ripening have included an estimate of the amount of
rennet in the investigated cheeses. A more quantitative approach to the role of rennet
in cheese ripening is possible only if the amount of rennet acting in the cheejses‘; is
known exactly, especially since retention of rennet is extremely sensitive to variation
in cheesemaking conditions (54). We always determined theamount of rennet presentin
our cheeses (66).

Table 1. Survey of the different aseptically made cheeses used
during the investigations.

Type of cheese Proteol. enzyme systems
active on ripening

1. ‘nermal’ aseptic rennet

starter bacteria
milk protease

2. aseptic starter-free (ASF) rennet
milk protease

3. aseptic rennet-free (ARF) starter bacteria
milk protease

4. aseptic rennet- and
starter-free (ARSTF) milk protease

As a control, the cheeses were analysed for components like moisture, fat,
salt and pH and were checked for the absence of unwanted micro-organisms. The
growth and survival of starter bacteria was monitored during cheesemaking and
ripening too,

Proteolysis was monitored during the ripening in different ways, characterizing
both the primary casein components and the smaller breakdown products. The
amount of breakdown products was estimated in a soluble-nitrogen fraction and the
molecular weight (MW) distribution of the peptides in this fraction was analysed by
gel filtration. The amount and composition of free amino acids in cheese - the
ultimate products of proteolysis — were monitored as well, The data on breakdown
products and on primary attack of agy and S-casein (obtained by polyacrylamide gel
electrophoresis) reflected well the ‘extent’ and ‘depth’ of proteolysis.

To moni?or the development of bitterness and cheese flavour, the different cheeses
were submitted to a taste panel.

Bitter peptides were extracted from the cheeses and analysed by means of gel
filtration.
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Summary

A method is described for the aseptic manufacture of cheese, which excludes any effect
of rennet on the ripening process. By reducing the calcium plus magnesium content of the
milk below 0.100 % by means of ion exchange, normal renneting could proceed without
clotting. After completing the enzymatic phase of rennin action, the enzyme was in-
activated completely by pasteurization of the milk at 72 °C for 20 seconds. By cooling the
milk to 4 - 5°C calcium could be returned to the milk without clotting. Clotting was
obtained by dielectrical warming to 30 °C.

The milk had to be adjusted to a calcium plus magnesium content of about 0.160 %
and a pH of 6.30 - 6.34 to avoid on the one hand flocculation of the milk at 4 - 5 °C, and
on the other hand to get 2 homogeneous, firm gel on warming. The gel obtained was used
for the manufacture of rennet-free cheese. In this cheese the role of starter bacteria and

milk protease on the ripening can be studied.
The final cheeses prepared by this method showed normal starter development and

calcipm content,
1 Infroduction

During the manufacture and ripening of cheese several enzyme systems can
play a role in the breakdown of proteins and the development of flavour. These
enzymes originate from the milk itself, the rennet or the micro-organisms. The
latter are added intentionally (starter) or get into the cheese in another way
(lactobacilli, micrococci, etc.).

To investigate the role of rennet and starter bacteria in the ‘bitter’ defect
of Gouda cheese we need methods of cheese manufacture that make it possible
to study the action of the above-mentioned enzymes separately. In researches
into other aspects of cheese ripening such methods can also be useful. Investi-
gations on the activity of proteolytic enzymes in milk and casein substrates
are important, but it is questionable whether the results of such model experi-
ments are representative of the activity of these enzymes in the cheese itseli.

By the use of an aseptic cheesemaking technique, developed by Kleter (1, 2),
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we are able to restrict the proteolytic activity to milk protease, rennet, starler
bacteria and — if required — added micro-organisms.

The use of artificial acidification makes it possible to eliminate the activity
of starter bacteria. The study of this type of cheese gives us information about
the role of Tennet in cheese ripening and particularly in the development of
the ‘bitter” defect. '

In this paper we describe the development of an aseptic cheesemaking tech-
nique in which the influence of rennet on the ripening process is excluded.
In these cheeses we can examine the role of starter bacteria on cheese ripening
and at the same time elucidate differences between ‘bitter’ and ‘non-bitter’
starter strains,

Application of artificial acidification in this new cheesemaking technique
makes it possible to study the activity of milk protease on its own.

The starting point for the development of this technique was that the re-
sulting cheese should be as similar as possible to a normal cheese in relation
to its composition, because proteolytic activity can be dependent on the
physical structure of the casein, pH, salt content, etc. (3, 4). Because of this
it is not possible to use acid coagulation for this technique of cheesemaking.

2 Principles of the method

Clotting of milk is a result of the activity of the enzyme rennin (chymosin)
contained in the rennet extract. It is a process in which three reactions are
involved. The primary, enzymatic reaction is the hydrolysis of a specific bond
in x-casein. As a result the x-casein loses its ability to stabilize the remaining
paracaseinate complex. In the secondary phase aggregation of the destabilized
paracascin occurs in the presence of calcium ions and a clot will form. For
this reaction the presence of the enzyme is not necessary. The tertiary reaction,
following clotting, is a slow, gradual hydrolysis of the casein components. This
proteolysis can contribute greatly to the ripening of cheese and it is for this
reason that we want to eliminate this phase in some of our experiments. There-
fore we shall have to inactivate the rennin after the first, but before the third
phase.

The enzymatic reaction can be separated from the coagulation in two ways:
1. The coagulation reaction has a higher temperature coefficient than does
the primary reaction (5). Therefore the enzyme can act upon milk at a low
temperature (0 - 10 °C) without coagulation. When the temperature is sub-
sequently raised to 30 - 40 °C the milk clots rapidly, .
2. The coagulation cannot proceed in the absence of calcium jons. When the
enzyme has acted in ‘low-calcium’ milk the addition of calcium salt results in
42 Neth. Milk Dairy I, 30 (1976)






