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SYMPOSIUM: CHEESE RIPENING TECHNOLOGY

Texture Development During Cheese Ripening

ABSTRACT

The texture of a cheese is determined
primarily by its pH and the ratio of intact
casein to moisture. The texture generally
changes markedly in the first 1 to 2 wk of
ripening as the hydrolysis of a small
fraction of & -casein by the rennet to the
peptide o, -I results in a general weaken-
ing of the casein network. The relatively
slow change in texture thereafter 1s
determined mainly by the rate of proteol-
ysis, which in turn 1s controlled largely by
the proportion of residual rennet and
plasmin in the cheese, salt to moisture
ratio, and storage temperature. The nse In
pH that occurs during ripening 1s also
important in many cheese varieties.
Cheese texture may be significantly
changed by the use of coagulants other
than chymosin, addition of neutral
proteases, and incorporation of whey
proteins. The stretching characteristics of
natural cheese curd depend upon both its
pH and the proportion of colloidal
calcium phosphate that has been removed.
Cheese containing residual coagulant loses
stretchability very rapidly with age. Eye
formation in Swiss-type cheese i1s depen-
dent upon the cheese pH at the time of
transfer to the hot room.

INTRODUCTION

The texture of cheese is important because 1t
is this property by which the consumer first
identifies and judges the specific variety.
Overall appearance, the presence or absence of
“eyes’’, and the mouthfeel of the cheese are all
noted before its flavor is assessed. The textures
of the various types of cheese are clearly so
different that one might imagine that the
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subject could not be covered adequately in a
single paper, particularly 1f texture 1s taken to
include stretchability and eye formation. In
reality, however, factors that determine changes
in texture in all cheese varieties are basically the
same. This is not really so surprising since the
components of cheese—rennet, native milk
enzymes, Caseins, moisture, lactic acid, sodium
chloride, fat, calcium—are the same for all
cheese varieties. Only the proportions of these
components differ.

EFFECT OF PROTEOLYSIS ON TEXTURE

Recent research in many countries has
shown that the texture of cheese 1s largely
dependent on its pH and the ratio of irtact
casein to moisture (Table 1). De Jong (7)
reported good correlation between the firmness
of a cheese and the quantity of intact 0; -casein
present. This is not surprising, because the
breakdown products of the caseins are largely
water soluble and cannot contribute to the
protein matrix (48). Another feature of prote-
olysis, however, is probably significant (6;. As
each peptide bond is cleaved, two new 10N1C
oroups are generated and each of these will
compete for the available water in the system.
Thus, the water previously available for solva-
tion of the protein chains will become tied up
with the new ionic groups. Relatively low
moisture cheese, such as Cheddar, tends there-
fore to become increasingly harder with age and
more resistant to slight deformation (6, 40).

Two distinct phases in texture development
take place during ripening. The first phase
occurs in the first 7 to 14 d when the rubbery
texture of young cheese curd is rapidly con-
verted into a smoother, more homogeneous
product. Because casein is the only continuous
solid phase, this suggests that proteolysis of the
network of caseins that make up the micro-
structure of the cheese is taking place. This
casein network is greatly weakened when only 2
single bond in about 20% of the ag -cas€in 1S
hydrolyzed by the coagulant to give the peptide
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TABLE 1. Changes in texture during ripening of
cheese.

Phase 1: Rapid change in first 7 to 14 d. Casein net-
work greatly weakened when a single bond
in about 20% of the agy-casein is hydrolyzed
by the coagulant to give the peptide agq-I.

Phase 2: Much more gradual change over following
weeks determined by rate of proteolysis and
rise in pH.

The texture of cheese at any specific stage of ripening
i1s determined primarily by its pH and ratio of intact
casein to moisture.

as1-1 (6). This peptide 1s present, at least in
the early stages of ripening, in all types of
cheese.

The second phase involves a more gradual
change in texture, as the rest of the ¢y -casein
and the other caseins are broken down 1n a time
scale measured 1n months rather than days. An
examination of commercial Cheddar cheese in
the United States, for instance, showed that
85% of the @ -casein was still intact in a
14-d-old cheese, and 1its primary hydrolysis
product, @g;-I, accounted for the remaining
15% (6). In 10-wk-old cheese, 90% of the ag;-I
had been hydrolyzed. Ninety-five percent of
the (-casein, however, was still intact after 10
wk of ripening. The preferential degradation of
& 1-casein has been reported for a variety of
other cheese types (33, 46).

Clearly, the lower the ratio of moisture to
casein, the firmer will be the casein matrix of
the cheese. Small changes 1n the moisture to
casein ratio also result in relatively large changes
in available moisture, since much of the moisture
is bound to the caseins and their degradation
products. Even small decreases in water activity
oreatly decrease the rate of proteolytic activity
in cheese. In addition, the ratio of residual
rennet to casein 1s less in low moisture cheese
and the rate of change in texture will therefore

be slower.

FACTORS AFFECTING THE RATE
OF PROTEOLYSIS

Proteolytic activity 1n cheese 1s mainly
determined by the levels of residual rennet and

native milk proteinases present, salt to moisture

ratlo, temperature of ripening, type of coagulant
used, and changes in pH during ripening. The
redox potential and the calcium content of the
cheese may also be important.

Rennet Retention in Cheese Curd

The influence of the rennet content on the
rate of softening of relatively high moisture
cheese was reported by de Jong (9). Rennet
contents lower and higher than normal gave
slower and faster rates of softening, respectively.

When no active rennet was present neither
&, -casein degradation nor softening occurred.

Retention of rennet in Gouda cheese was re-

lated linearly to the proportion of rennet ini-
tially added to the cheese milk (44).

Most coagulant is lost 1n the whey at drain-
ing, but some remains in the curd, depending
upon the pH and the proportion of whey
retained in the curd. Holmes et al. (22) found
that the distribution of chymosin between curd
and whey was pH dependent, whereas that of
milk-clotting enzymes from the Mucor spp. was
not. This has been confirmed in a recent
investigation (5) in which the pH of the curd
was manipulated by the addition of acid to the
cheese milk. The lower the pH of the curd at
draining, the more rennet was retained in the
curd and the greater the proportion of oy -ca-
sein hydrolyzed by the chymosin in calf rennet.
However, distribution of a microbial rennet
from Mucor miebei between curd and whey was
not pH dependent. The extent to which ag, -ca-
sein 1n the cheese was hydrolyzed was virtually
the same, irrespective of the initial pH of the
milk. Data covering eight separate trials are
shown in Figure 1. The measurement of residual
chymosin 1s not easy as indicated by the
relatively high standard deviations.

Many of the conflicting reports on cheese
texture likely arose from the lack of care to
ensure that the level of residual chymosin in
experimental cheese was the same as in control
cheese. Use of a microbial rennet clearly has
advantages over rennet in experimental studies
on cheese texture, particularly as the percentage
of chymosin in commercial rennet varies.

Plasmin Retention in Cheese Curd

The pH at draining also determines the
proportion of plasmin in cheese. Plasmin is a
native milk proteinase formerly known as

Journal of Dairy Science Vol. 70, No. 8, 1987
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Figure 1. Variation in the coagulant concentration
in cheese made with acidified milk during February to
March 1983. The coagulant was either calf rennet (0)
or Rennilase microbial rennet (e). Standard deviation
1s indicated by vertical bars (5).

alkaline milk protease. In fresh milk, plasmin is
associated with the casein micelle (35), but 1t
dissociates as pH 1s decreased (38). The propor-
tion of plasmin is therefore greatest in cheese
such as Swiss, in which the whey 1s drained
from the curd at a relatively high pH, and least
in acid cheese such as Cheshire. In Mozzarella
and Swiss-type cheese, the high scalding tem-
peratures used Inactivate most, if not all, of the
chymosin. Plasmin, however, 1s relatively
heat resistant and casein breakdown appears to
be largely due to plasmin.

Seasonal studies of the composition of milk
in the Irish Republic (13) have shown that the
concentration of [(-casein decreases from
mid-lactation to late lactation with a corre-

sponding 1ncrease in the concentration of the
three <y-caseins, suggesting that plasmin concen-
tration Increases during lactation. Recent
investigations on New Zealand milk have con-
firmed that the concentrations of both plasmin
and 1ts precursor, plasminogen, increase two- to
threefold throughout a lactational cycle (36).
About eight times more plasminogen was

Journal of Dairy Science Vol. 70, No. 8, 1987
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present than plasmin. The conversion of plas-
minogen to plasmin 1s not well understogg
(47). Acuvators of plasminogen have been
1solated in milk, but inhibitors of these same
activators as well as inhibitors of plasmin are
also present (Figure 2). The plasmin activity of
Friesian milk was at least 50% higher than that
of Jersey milk at a similar stage of lactation,
suggesting that plasmin activity i1s also depen-
dent on the breed of cow (36).

Another native proteinase in milk with an
optimum pH of activity near 4.0 has been
identified (32) and shown to produce a-I
under acid conditions from g -casein and also
B-1 and (-II from f-casein (24). The suggestion
that this acid protease might play some role in
cheese protein degradation would be difficult
to prove, however, since 1its action 1s masked
both by that of chymosin and of plasmin.

Effect of Salt to Moisture Ratio

™

T'he rate of proteolysis during ripening is
markedly affected by the salt to moisture ratio
(S:M) 1n the cheese. This was demonstrated in
Cheddar cheese in which an approximately
linear S:M gradients was established across
single 20-kg blocks (41). After ripening at 10°C
for 28 d, only 5% of the ag-casein but 50% of
the [-casein was still intact in that part of
cheese with a S:M of 4.0%. At 6% S:M, 30%
agp-casein and 80% (3-casein remained intact. At
8% S:M, 60% of the ag;-casein and 95% of the
B-casein was unhydrolyzed. The relationship
between the rate of degradation of both ca-
seins and the S:M level was almost linear
(Figure 3). Differences in the textures of plugs,
drawn several months after manufacture, from

Plasminogen

(approx. 2.5 mg/L) Stage of
Plasminogen " lactation
activators Breed
| _/ 1 . of cow

Inhibitors Plasmin
of activators |(approx. .3 mg/L)
Plasmin
lﬁ‘ "~ inhibitors

Plasmin activity

Figure 2. Factors determining the activity of plas-
min in bovine milk (36).
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(%)

! | 1
4.0 5.0 6.0 7.0 8.0
Salt-in-moisture (%)

Intact casein after 28 d

Figure 3. Effect of salt to moisture ratio on the
extent of proteolysis of aig1- and B-casein within three
single blocks of Cheddar cheese after storage for 1 mo
at 10°C. The amount of B-casein (o, 4, o) and gy -Ca-
sein (®, A, m) remaining in the three cheeses is shown
as a percentage of that originally present (41).

regions with different S:M levels in the same
cheese block could be readily detected.

Effect of Temperature

Cheese shown in Figure 3 was ripened at
10°C, but the hydrolysis of $-casein in Cheddar
cheese markedly decreases when the temperature
of ripening is reduced to 6°C or less. The
hydrolysis of ag;-casein also decreases but to a
much less extent. This may explain the observa-
tion that the textures of Cheddar cheese stored
between 2 and 10°C are not normally strikingly
different, because agq-casein is presumably a far
more 1mportant structural element in the
cheese framework than (-casein or the other
caseins (10).

An Increase in ripening temperature above
10°C has an effect on texture that is significant
but not as great as the effect on flavor develop-
ment. The higher the temperature, the greater is
the extent of casein hydrolysis and change in
texture. Cheddar cheese ripened at 15°C
developed a texture in 8 wk equivalent to that
developed in 16 wk at 8°C (17). The cheese
became .more brittle and less springy with
Increasing storage temperatures up to 20°C.
Cheese proteolysis was significantly negatively
correlated with cheese firmness and springiness,
indicating softening of the cheese as the protein
matrix was broken down. Similarly, the higher

L.751

the storage temperature of rinded Emmental
cheese, the more intense was proteolysis and
the firmer and shorter was cheese body (14).

Effect of pH

Acuvity of rennet at different pH has been
measured in cheese models (11, 32). The overall
extent of proteolysis was reported to increase
markedly in simulated cheese with pH greater
than 5.8 (32). The relative rate of breakdown
of Qg -casein was greater at low pH than that of
f-casein. At pH greater than 5.6, f-casein was
more degraded than o, -casein, presumably as a
result of increased plasmin activity. It is not
¢asy to extrapolate from such studies to the
situation in natural cheese, however, because
the proteolytic activity of rennet is greatly
influenced by the nature of the substrate (47).

Effect of Calcium

Differences in both the calcium dissolved in
the cheese serum and the calcium bound to the
protein have been considered (11, 33) to
contribute to variations in the extent of prote-
olysis in cheese, although this has not been
clearly defined. The calcium ion concentration
of the cheese serum increases as the pH 1s
decreased and also as the salt uptake increases.
It the calcium in cheese is high at any specific
PH, presumably calcium in the serum is also
high.

It 1s difficult, however, to differentiate a
direct effect of calcium on proteolytic activity
from other factors that also influence the rate
of proteolysis in cheese. Total calcium content
of cheese is largely determined by the point at
which the curd is drained from the whey. This
key stage in the manufacture of all cheese also
controls the proportion of residual chymosin
and plasmin in the cheese. It is not surprising,
therefore, to find a relationship between the
total calcium content of the cheese and casein
breakdown during ripening (27).

ROLES OF PROTEOLYTIC AGENTS IN CHEESE

The principal pathway of proteolytic degra-
dation during cheese ripening appears to involve
a relatively limited breakdown of the caseins by
rennet or plasmin. The polypeptides so formed
are then further degraded to small pepudes and
amino acids by the proteinase/peptidase systems
of the starter and nonstarter bacteria present

Journal of Dairy Science Vol. 70, No. 8 1987
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(47). The coagulant plays the major role in the
initial breakdown of @g;-casein but, in the case
of chymosin, other casein fractions are much
more resistant to proteolysis (Table 2). Two
factors are involved: a) the specificity of the
enzyme and b) the accessibility of the pepuide
bonds to the enzyme. Chymosin cleaves pre-
dominanty leucine-X and phenylalanine-X
bonds (47) but degrades og;-casein in cheese
much more extensively than (-casein. This is a
consequence of the cheese environment, espe-
cially the NaCl level, on the conformation of
the protein. The extent of salt-induced aggrega-
tion of fB-casein, and the consequent inaccessi-
bility of the chymosin-sensitive bonds, Increases
as the S:M increases. Some unhydrolyzed
B-casein is intact at the end of ripening in all
cheese varieties except a few in which an
internal mold 1s present.

k-Casein and Qg,-casein contain cystine and
exist as disulphide-bonded proteins in milk. The
insensitivity of these caseins to chymosin attack
in cheese may be related to the extent of
crosslinking. The redox potential controls the
ratio of disulphide to thiol in the proteins and
thus the accessibility of susceptible bonds. In
cheese conrtaining little or no residual coagulant,
plasmin appears responsible for the initial
breakdown of caseins. Plasmin is a cystine-con-
taining protein and its activity may therefore
also depend upon the redox potential in the
cheese. Plasmin is specific for pepuide bonds

LAWRENCE ET AL.

at the C-terminal side of lysine or arginine
residues, particularly in f-casein and og;-casein.
The high susceptibility of @y -casein has been
related to its relatively high content of lysine
residues (47). Degradation of &g -casein in
Swiss-type cheese has been shown to be directly
related to plasmin content (37).

Caseins contain a greater number of proline
residues than the majority of proteins (Table
2). The proteinases of Streptococcus cremoris
are, almost without exception, specific for
B-casein (18), but it has not yet been established
whether this 1s related to the higher proportion
of proline in f-casein than in the other caseins.
The inability of almost all starter strains to
degrade g, -casein makes it unlikely that starter
proteinases contribute significantly to changes
in cheese texture, at least in the early stages of
ripening.

The individual proteinases also act together
synergistically (45); for instance, the breakdown
products of [(-casein released by plasmin are
further degraded by the starter proteinase/pep-
tidase systems (46). Lactic acid bacteria contain
up to three different proline-specific peptidases,
of which the most important is generally
prolyldipeptidyl-peptidase (2). The presence of
aminopeptidase-P and proline-specific peptidases
in all three species of group N streptococcl
appear to allow the complete hydrolysis of all
polypeptides, derived from the primary degra-
dation of the caseins. to amino acids (30).

TABLE 2. The relative roles of the different proteolytic agents in cheese.

M‘W e

Percent of
Protein cheese casein
agp-Caseln 35.0
B-Casein 37.5
v-Caseins 6.5
oy -Casein® 13.0
Para-k-casein’ 8.0

B-Lactoglobulin®?

a-Lactalbumin?®

M

I proline as percentage of total amino acid residues.
2 Cystine-containing proteins.

* Inhibits plasmin.

Journal of Dairy Science Vol. 70, No. 8, 1987

Proline Major proteolytic agents
content’ in cheese

8.5 Chymosin (plasmin)
17.0 Plasmin,? starter (chymosin)
19.5 Plasmin, starter

5.0 Plasmin
11.0 Not attacked (?)

5.0 Not attacked

2.0 Not attacked
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Although aminopeptidases from starter bacteria
have a wide specificity, they are apparently
unable to hydrolyze a peptide bond containing
the 1mino group of proline. The liberation of a
dipeptide by the dipeptidylpeptidase permits
the continued action of the aminopeptidase. In
any particular cheese the concentrations of the
different bacterial peptidases will depend upon
the strains used in the starter culture, the
extent of their growth and lysis in the cheese,
and the types and numbers of nonstarter
bacteria present.

Effect of Coagulant Type

A strong relationship exists between the
degree of proteolytic breakdown, particularly
of 04;-casein, and the consistency of cheese
texture when calf rennet is used (7, 31, 33).
This also holds for bovine pepsin, which has a
specificity similar to chymosin but is less
proteolytic. Trials have shown that cheese made
with bovine pepsin contained less soluble
nitrogen than calf rennet cheese and were
correspondingly harder in texture (40). Micro-
bial rennets attack «-casein at rates similar to
chymosin (6, 15) and their use results in cheese
with textural characteristics in the early stages
of ripening that are almost identical to calf
rennet cheese.

There are many reports, however, that the
texture of microbial rennet cheese, after long
ripening periods, tends to be poorer, or at least
different from calf rennet cheese (1). This has
been attributed to the greater proteolytic
activity of the microbial rennets, which are
much less specific than chymosin toward the
caseins and, unlike chymosin, readily hydrolyze
Qsr- and (-caseins. In Cheddar cheese made with
rennets from Endothia parasitica or Mucor
miebei, (3-casein was considerably more hydro-
lyzed than in calf rennet cheese; in cheese made
with Endothia rennet, 3-casein was even attacked
In preference to @g;-casein (15). The electro-
phoretic patterns of casein breakdown by the
Mucor rennets are quite different from those
obtained with chymosin (5, 15), showing that
cleavage of the casein molecules is specific to
the coagulant used.

‘The extent of proteolysis also increases
when neutral microbial proteases are added to
cheese to accelerate ripening (25). General
proteolysis of Cheddar cheese was increased by
about 20% 1n 2 mo with addition of a Bacillus

LTS3

subtilis proteinase. The cheese was softer
bodied and more brittle than untreated cheese
of the same age, apparently as a result of
excessive breakdown of f-casein. This problem
can be minimized by using a reduced amount of
the neutral proteinase in combination with an
exopeptidase preparation of Streptococcus
lactis (26). Cheese ripening is, however, a
complex, balanced process and accelerated
ripening 1s likely to affect the traditional
texture of a cheese unless the relative rates
at which the caseins are broken down remain
the same.

Effect of Incorporation of Whey Proteins

Cheese made from UF milk generally has a

smoother consistency than that made from
whole milk (12), the degree of smoothness

presumably depending upon the proportion of
whey proteins incorporated. Ultrafiltered cheese
ripens more slowly (12, 21) than traditionally
made cheese, apparently because f-lactoglobu-
lin, the major whey protein, inhibits plasmin
acuvity (47; C. T. Pedersen et al., 1986, unpub-
lished data). In addition, undenatured whey
proteins are resistant to the action of chymosin
and other proteinases normally found in cheese
(12, 23). Increased breakdown of (-casein in
UF cheese, and also hydrolysis of the incorpo-
rated whey proteins, can be achieved, however,
by either the addition of a neutral proteinase
from B. subtilis (16) or the use of the proteinase
from Endothia parasitica as coagulant.

The UF cheese are still marketed under
traditional names even though the normal
pattern of casein breakdown is changed and the
textures and flavors therefore tend to be
different. These new characteristics may well
prove to be very acceptable commercially, and
it may be more logical to develop a new range
of cheese varieties rather than to attempt to
duplicate exactly the properties of traditional
cheese.

EFFECT OF pH ON CHEESE TEXTURE

The role.of pH in cheese texture is particu-
larly 1mportant because changes in pH are
related directly to chemical changes in the
protein network of the cheese curd. As the pH
of cheese curd decreases there is a concomitant
loss of colloidal calcium phosphate from the
casein submicelles and, below about pH 5.5, a

Journal of Dairy Science Vol. 70, No. 8, 1987
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progressive dissociation of the submicelles 1nto
smaller casein aggregates (10, 20, 39). Neverthe-
less, the structural units in the protein matrix
of Gouda, which has a pH of about 5.2 after
brining (Figure 4), appear to be essentially 1n
the same globular form as in the original
casein submicelles in the cheese milk (10, 20).
As the pH of the cheese curd approaches that
of the isoelectric point of casein, the protein
sssumes an increasingly more compact confor-
mation and the cheese becomes shorter In
texture (6, 49). At pH below about 4.8, the
aggregates appear tO €xist only as nonlinear
strands. These are 3 to 4 nm in width, roughly
the diameter of a spherical casein molecule, and
up to 15 nm in length.

After about 14 d ripening, i.e., after the first
phase of proteolysis, cheese can have a texture
ranging from springy through to plastc to
noncohesive, depending primarily on the pH of
the curd and, to a lesser extent, 1ts calcium
content. This is irrespective of whether the
cheese has been brine salted or dry salted.
Historically, cheese that possessed a certain
texture were given specific names, such as
Cheddar or Gouda. Figure 4 has been con-
structed from the interpretation of electron

micrographs of different cheese varieties (10,

20). Although this representation is undoubtedly
simplistic it does help one to visualize what
occurs during ripening. Thus, Gouda becomes
increasingly more Cheddar-like 1in 1ts tex-
ture during ripening, presumably because the
submicelles are being degraded to give a range
of casein aggregates that are normally associated
with Cheddar. Similarly, as Cheddar ripens,
proteolysis results 1n a texture that becomes
increasingly less cohesive. Cheddar cheese also
melts more readily as it ages but this 1s not so
readily explained.

Relationship Between pH, Moisture, and Texture

An overlap between texture Types OCCULS
(Figure 4) since the effect of pH can be modified
by other compositional factors, particularly the
moisture, salt, and calcium contents. Between
pH 5.5 and 5.1 much colloidal phosphate and
considerable casein dissociate from the sub-
micelles (39). These changes in the size and
characteristics of the submicelles significantly
increase their ability to absorb water. The
swelling of casein submicelles in renneted milk
is greatly increased in the presence of sodium

Journal of Dairy Science Vol. 70, No. 8, 1987

chloride but is markedly inhibited if the brine
solution contains ionic calcium (4, 19). It is not
surprising that various types of texture can be
obtained between pH 5.3 and 5.1 since a wide
range of casein aggregates is present and differ-
ences in the sodium and calcium 10n concentra-
tions markedly affect the extent of swelling of
the submicelles. This explains why a definition
for the texture of Cheddar 1s particularly
difficult. It may seem odd to describe the
texture of Cheddar as ‘‘Cheddary’ but other
terms such as “‘intermediate’”’ or “pseudo-plas-
tic’’ are even less appropriate.

It is reasonable to speculate that the extent
of swelling of the submicelles increases as the
proportion of water to casein increases. The
more moisture present at any pH, the softer in
texture is the cheese. Hard and semi-hard
cheese do not soften during ripening 1n the
same way as the higher moisture cheese but the
same changes 1n structureé occur (10), as wouid
be expected, since the rate of conversion of
(y; -casein into oy -1 has been shown to be the
same for a range of cheese varying in moisture
from 40 to 60% (9). The pH and degree of
casein degradation in Cheddar- and Gouda-type
cheese are normally such that softening of the
partly broken down curd would occur if the
ratio of moisture to casein were high enough.

The rheological properties of cheese with a
similar pH and sodium ion concentration, and
at a similar degree of &g -casein degradation, ai€
therefore regulated by their moisture contents.
The firmness of Gruyére and Emmental (14,
30), Gouda (9), and Cheddar (6) 1s reported to
be influenced markedly by relatively small
variations in moisture. The role of water in the
texture of very high moisture cheese, however,

Size of

sub-micelles 15»10nm 10»5nm 5%»3nm
SO O « SOGAS S8 8™N2, 2 N =3
@@® Qﬁﬁﬁﬁfﬁfﬁgaga o Jo LT =L 7
09 S¢S 20507 NS
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pH 55 54 53 3.2 51 50 49 48 47 46

Texture SPRINGY| | CHEDDARY SHORT

(14 d ) PLASTIC MEALY NON-COHESIVE
Typical Gouda

Cheeses Swiss Cheddar Cheshire Feta

Figure 4. Effect of pH on cheese texture.
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may be more complicated than simply a varia-
tion in the proportion of solid matter present
since X-ray studies (48) show that the casein
network is indeed modified by excess water.

Cohesion and Stretchability

No fusion of curd particles occurs untl near
pH 5.8 (Figure 5). Cohesion then increases to a
maximum at about pH 5.2. There 1s a corre-
sponding increase in the stretchability of the
curd, and both effects are clearly related. The
stretchability of natural cheese curd depends
both on its pH and the proportion of colloidal
calcium phosphate that has been removed. At
about pH 5.2 conditions are usually optimum,
that is, relatively small casein aggregates are
present, from which about 75% of the colloidal
calcium phosphate has been lost. Such aggre-
gates bind together in long chains when heat s
applied. Below about pH 4.8, when the casein
agoregates have lost their identity, curd cohe-
sion and stretchability are also lost. At pH 4.6,
cheese still contains about 140 mmol calcium/kg,
but it is all present in the cheese serum.

It follows that very young Cheddar curd
with a pH of about 5.2 will stretch as well as
Mozzrella but its stretchability is rapidly lost as
the residual rennet breaks down the casein
framework of the cheese. This is not surprising
since the stretching characteristics of Mozzarella-
type cheese appear related to the relatively high
concentrations of intact casein and large
peptides in the cheese (3). Even with Mozza-
rella, the stretching properties slowly decrease
with age as the og;-casein is slowly degraded by
the native milk proteinases present.

Good
. stretchability
‘Flow’ ;1" _Good A ‘Flow’
begins, .~ ~ cohesion™ '\ ceases
Y / x"" "q. 4
No /7 < NO
cohesion ¢/ N cohesion
CHEESE CURD |
pH 60 58 56 54 52 50 48 46
Cheese calcium 45 209 200 180 160 140
(mmol /kg)

Calcium in serum 5z g5 75 85 95 100

(percent of tofal)"

Figure 5. The relationship between cheese pH,

ionic calcium in cheese serum, and stretchability of

cheese.
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EFFECT OF MANUFACTURING PROCEDURES
ON TEXTURE

The manufacture of all cheese vaneties
involves three factors that influence the subse-
quent change in texture during ripening: 1) the
pH at which the whey is drained from the curd,
since this determines the proportions of chy-
mosin and plasmin in the cheese, 2) the S:M
that controls, together with the ripening
temperature, the activity of the residual ren-
net and plasmin in the cheese, 3) the pH of the
cheese after salting, which is the single most
important factor that influences texture. To
illustrate these points, four different cheese
types are briefly examined.

Cheddar Cheese

Because much of the acid production occurs
at the vat stage for dry-salted cheese, the

Composition of
cheese milk

=

- ] | Composition of
[pH iE Graining curd at draining

v

pH at Moisture to
salting casein ratio

v ‘'

[ Texture at salting ]

=

Resiaua-l chymosin ]

% starter ¢--—--

Salt to
moisture ratio

Temperature

T,_extl::re change
during ripening

Figure 6. Main factors that determine the change in
texture of Cheddar cheese during ripening.
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activity of the starter up to draining is more
important than for brine-salted cheese. The pH
at draining 1s relatively low and chymosin
retention therefore is high. Chymosin activity is
much more important than plasmin activity
during the ripening of Cheddar.

The S:M ratio in dry-salted cheese is particu-
larly important because it controls the final pH
of the cheese and the residual lactose, as well as
the activity of the residual chymosin (Figure 6).
The 1nitial texture 1 d after manufacture is
determined by the pH and the ratio of moisture
to casein. Any required rate of texture (and
flavor) development can be achieved by using
appropriate combinations of S:M and ripening
temperatures. In general, however, Cheddar
cheese is still ripened at temperatures below
10°C to minimize the potential risk of off-
flavors from the metabolism of the residual
lactose.

The pH of Cheddar cheese normally decreases
slightly in the first 14 d of ripening as the
residual lactose is metabolized and thereafter
increases only slightly, usually by about .1 pH
unit after 6 mo. The texture of Cheddar cheese
therefore normally changes relatively slowly
between 1 and 6 mo of ripening. A significant
increase in the proportion of rennet added to
the cheese milk increases the “smoothness”’ of
the cheese, particularly in the first few weeks of
ripening, but may lead to bitterness and other
flavor defects.

Gouda Cheese

In the manufacture of brine-salted cheese,
most of the acid is developed after the whey
has been drained from the curd and the pH at
draining is higher than in Cheddar manufacture.
One would therefore expect slightly more
plasmin and less chymosin to be retained in
Gouda than in Cheddar and evidence for this
has been reported (3). Nevertheless, the contri-
bution of plasmin to the degradation of 01 -
and [f-caseins in Gouda is considered to be small
in relation to those of rennet and bacreria (46).

The pH after brining is controlled indepen-
dently by adjustment of the proportion of
residual lactose in the curd. This is achieved by
replacement of part of the whey in the vat with
water. In the data shown in Figure 7, for
Instance, a constant proportion of whey (35%)
was removed in each trial and replaced with
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sutficient water (15 to 25%) to ensure that the
initial pH after brining was between >.15 ang
3.2

The salt concentration in the Interior of
brine-salted cheese is initially much lower than
near the surface but this apparently does nqp
atfect the pattern of decomposition of Csq - and
p-casein. Rate of casein degradation is faster in
the interior in the 1st or 2nd wk, but the
proteolytic products are the same (11). [n 1
sense, however, brine-salted cheese can be said
to ripen from the interior of the cheese to the
outside. Rinded cheese tend to INCrease in
firmness during ripening as the loss of moisture
through the rind results in an increase in the
casein to moisture ratio. This often over-
rides the normal decrease in firmness due to the
hydrolysis of the casein matrix. |

In contrast to Cheddar, the pH of Gouda
rises relatively rapidly during ripening, but this
1s unlikely to be the direct result of proteolytic
actvity. It may be coincidental that the increase
In pH 1s greatest in March, toward the end of
the lactational season in New Zealand (Figure
7), when the plasmin content of the milk is at 1
maximum. It is appreciated that most countries
do not have marked lactational changes in milk
supply, but it is possible that some of the

GOUDA CHEESE

6.0

L 5 me
5.8

_ 2 MO
5.6

e L

5.4

B 14 d
5.2 14

b 8 & i & 1 . |

Aug Sep Oct Nov Dec Jan Feb Mar
Month

Figure 7. Increase in pH during the ripening at
10°C of Gouda cheese manufactured over a lactation.
Each point represents the average pH obtained from
four separate trials carried out each month.
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variation experienced throughout the year in
any country may be traced to the stage of
lactation.

Swiss Cheese

[n Swiss-type cheese the pH at draining is
determined by the proportion of Streptococcus
thermophilus added (Figure 8). The pH after
brining is controlled independently by the
Lactobacillus strain in the starter culture (27).
The high scalding temperature used inactivates
the chymosin in the curd but not the more
thermostable plasmin. Little acid is produced
up to the draining stage (dipping) and a relatively
high proportion of the plasmin is therefore
retained in the curd.

The pH of the cheese at the time of transfer
to the hot room is critical for normal eye
development because of its effect both on the
texture of the cheese and the growth of propi-
onibacteria (27, 29). As with Gouda, the pH
normally increases slightly in the first 14 d after
brining (43). Casein breakdown by plasmin, in
conjunction with starter proteinases, may
possibly be important at this stage, since eye
formation is poor in the early part of the
lactational season when the plasmin concentra-
tion 1n the milk is lower than usual. Eye forma-
tion 1s also more likely to occur in relatively
high moisture cheese, possibly because the
more rapid salt diffusion results in greater
plasmin activity (11) or the development of a
more suitable texture. The relatively low
activity of plasmin toward @ -casein (46)
presumably accounts in part for typically firm
texture of Swiss cheese.

Camembert Cheese

The 1mportance of pH changes during
ripening on the texture of cheese is most
readily demonstrated by surface mold-ripened
cheese such as Camembert and Brie. Initially,
the pH of the cheese i1s 4.7 or less and the
texture 1s correspondingly crumbly throughout.
Rennet degrades oy -casein as rapidly at pH 4.7
as at pH 5.2, but the cheese does not soften at
the lower pH (7, 31, 33). The casein is degraded
in such a way, however, at pH 4.7 that soften-
Ing occurs as soon as the pH rises to about 5.2.
The required increase in pH is brought about by
the growth and subsequent deacidifying activity
of the surface mold. The metabolism of lactic

1757

acid by the mold at the cheese surface and. to a
lesser extent, the production of ammonia lead
to the diffusion of lactic acid from the interior
of the cheese to the surface (34). At 17 d, the
PH just below the crust was about 6.0, whereas
the pH of the cheese center was still only 4.8.
After about 25 d, when the pH in the center
had risen to about 5.2, the texture throughout
the whole cheese was soft (28). Plasmin ac-
tuvity increases as the pH rises, particularly near
to the cheese surface (32, 42), since plasmin is
much less affected than chymosin by high salt
concentrations (33, 46).

The role of the mold is essentially to estab-
lish a pH gradient but, in addition, a mineral
gradient 1s also set up. The calcium and phos-
phorus content of Camembert is initially
uniform throughout the cheese, but as cheese
ripens, a large part of the minerals migrates
rapidly to the surface (28). A crust of mold and
calcium phosphate forms on the surface since
calcium phosphate is less soluble as pH increases.

l Composition of cheese milk ,

| |
% Sir. % Lacto-
thermophilus bacillus

v ¢

pH at Composition of _’Hesidual
draining| curd at draining lactose
| -
e .
Moisture to casein pH after
ratio after brining brining

v

[ Texture after brining l

| |
Residual
Lplasl:muiﬁ Starter
Suitable texture
for eye formation
Growth of y :
propionibacteria emperature
[ Eyes ]

Figure 8. Main factors that determine the forma-
tion of “eyes” in Swiss-type cheese.
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About 75% of the calcium and 33% of the
phosphate migrated from the center of Camem-
bert cheese to the surface in 17 d. It is not yet
certain whether this migration of calcium and
phosphate to the crust also plays a role in the
softening of the texture. The swelling of cheese
curd in brine is reduced, however, when calci-
um is present (19). It seems likely therefore
that the migration of calcium to the crust
further accelerates the softening of the cheese
interior since swelling of the casein micelles will
be increased by a reduction of calcium in the
cheese serum.

In blue-veined cheeses, both the deacidifying
and proteolytic activity of the internal flora of
molds is likely to be responsible for the increase
in pH and consequent change in texture. With
smear-ripened cheese, such as Limburger or
Gruyere, the proteolytic activity of the surface
flora sets up a shallow pH gradient between the
surface of the cheese and its center, and this

.may contribute to the characteristic texture of

such cheese. The smell of ammonia coming off
smear-ripened cheese in commercial ripening
rooms is a certain indication that surface
proteolysis is taking place.

Stabilized Cheeses

The procedures used in the manufacture of
so-called “‘stabilized” cheese (Pite stabilisee),
which are now produced commercially 1n
France, illustrate well the importance of pH
and proteolysis in texture development. The
shelf-life of cheeses with a relatively high
moisture content, such as Camembert and Saint
Paulin, can be considerably increased, simply
by reducing the amount of residual rennet In
the cheese (Figure 9). A low level of rennet 1s
added to the cheese milk and the settuing
temperature raised appropriately to get a firm
coagulum.

A uniformly smooth texture is then assured
by so reducing the rate of acid development
that the pH does not fall below 5.2. This can be
achieved by addition of only a very small
inoculum of starter, by the use of proteinase
negative strains, or by use of thermophilic
starters at a temperature that is well below that
of their optimum growth. The activity of such
slow acid-producing starters is regulated by
their salt resistance, the speed of penetration of
salt into the cheese, which will be influenced by
the moisture content of the cheese, the final
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S:M, and storage temperature. If conditiong
are such thatacidificationis allowed to continue
for instance, if the S:M 1n the cheese 1s too low,
then pH will contnue to drop and texture wili
become firmer (31). Further control over pH
can be achieved, if required, by washing the
curd.

Because the consistency of cheese of a given
pH and moisture content 1s determined by the
rate of hydrolysis of &g, -casein (8), the degree
of softness required in a stabilized cheese in a
specified time can be readily achieved by con-
trolling the residual rennet level. The surface
may be treated with a white mold if a stabilized
Camembert or Brie is required, but the role of
the mold is now largely cosmetic. It no longer
has to establish the pH gradient that is so
essential in the manufacture of traditional
Camembert and Brie. The proteolytic activity
of the mold is also less at pH 5.2 than 4.6. In
the case of stabilized reproductions of cheese,

Low inoculum of rennet
High setting temperature

-

Rennet coagulum

Slow rate of acid production

I

Uniformly smooth texture as a ]
consequence of pH =2 5.2 i
Extent of smoothness determined
by moisture content |

I

Cosmetic treatment of surface
(mold, coloring)

'

Stability determined by level of
residual rennet

e ——

13 - p—

Figure 9. Factors that determine the stability and
texture of stabilized cheese.
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such as Brick or Saint Paulin, the surface is
often just painted with a food dye. The use of 2
biological smear affects the flavor but not the
texture of a stabilized cheese.
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