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Biochemistry of cheese ripening

M. Pagthinathan and M.S.M. Nafees

Introduction

The ripening of cheese is a very complex process
which involves microbiological and biochemical
changes leading to the development of flavor and
texture characteristics of cheese. Microbiological
ripening includes the death and auto-lysis of starter
cells, the growth of an adventitious flora (non-
starter lactic acid bacteria) and secondary
microflora (McSweeney, 2004b). The biochemical
reactions occurring during ripening are classified
into primary and secondary biochemical events.
Primary events are the metabolism of residual
lactose, lactate and citrate (glycolysis), lipolysis
and proteolysis. Secondary biochemical reactions
are followed by primary events, which are very
important for the generation of many volatile flavor
compounds in cheese (Fox et al., 2000;
McSweeney, 2004b). Biochemical processes of
cheese ripening have previously been elucidated
by several researchers (McSweeney and Sousa,
2000; Sousa et al., 2001; Smit et al., 2002;
Katechaki et al., 2009).

 make their choice of cheese primarily based
on flavour and texture characteristics (Awad,
2006). Flavour development in cheese is of
major economic interest since final flavour of
cheese determines consumer choice.
Development of flavour in cheese is a complex
series of microbiological, biochemical and
chemical processes that occur during ripening
in cheese (Yvon and Rijnen 2001; Walstra et
al., 2006; Hannon et al., 2007). Flavour
compounds are formed by various processes
acting in a concerted and/or sequential manner
including conversion of lactose and citrate, fatty
acids, and peptides and amino acids
(McSweeney, 2004a; McSweeney, 2004b).
Lactic fermentation is responsible for the initial
stage of flavour compounds formed by the
starter bacteria, and plays an important role in
cheese ripening (Fox et al., 2000. The salt
content is also important to the flavour and
quality of cheese (Pastorino et al., 2003; Awad,
2007). However, many studies have found that
most of the flavour components are developed
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Flavour, texture and aroma are very important
features of cheese (Awad, 2006). Consumers
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during cheese ripening (Fox et al., 2000;
McSweeney, 2004a; McSweeney, 2004b; Walstra
et al., 2006).

Metabolism of residual lactose and citrate
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The primary glycolytic process is the metabolism
of lactose to lactate by the starter culture during
early stages of ripening. If glycolysis is incomplete
by the starter culture, the non-starter lactobacillis
may take part in the process of glycolysis (Fox et
al., 2000). It has also been reported that the rate
and extent of lactose metabolism influence the
initial texture of the curd (McSweeney, 2004a). A
large amount (96%) of lactose in milk is lost in the
whey as lactose or lactate (Fox et al., 2000).
However, considerable amount of lactose remains
in fresh curd, which can significantly affect cheese
quality (McSweeney, 2004b). In the early part of
ripening, residual lactose is quickly metabolised to
form L-Lactate. The rate and extent of reaction
are dependent on the temperature and salt-in-
moisture (S/M) levels of the curd. When S/M levels
increase, starter activity is slowly stopped at the
end of manufacture (Fox et al., 2000; McSweeney,
2004a; Parente and Cogan, 2004).

The rate of lactic acid formation during cheese
ripening has a direct effect on the taste of cheese,
especially in young cheese (Fox et al., 2000). D-
Lactate could be produced directly from residual
lactose by starter lactobacilli or by racemisation
of L–lactate by non-starter lactic acid bacteria
(NSLAB - eg: pediococci), during ripening of
cheese (Fox et al., 2000; McSweeney, 2004a).
The lactate racemisation of lactate generally
involves oxidation of L-lactate to form pyruvate
by L-lactate dehydrogenase, which is then
converted to D-lactate by D–lactate
dehydrogenase. DL-lactate is less soluble than L–
lactate, resulting in the formation of Ca-DL -lactate
crystals which appear as white specks on the
surface of the mature cheese (Dybing et al., 1998;
McSweeney, 2004b). While the crystals are
harmless, they may reduce consumer’s interest
(McSweeney, 2004b). Lactate can also be
metabolised by lactic acid bacteria (LAB) to
produce flavour compounds including acetate,
ethanol, formate and CO2. However, the extent of
this process depends on the population of NSLAB
and the presence of O2 (McSweeney, 2004b).
Citrates have a relatively lower concentration in
milk, most of which is in the soluble phase and is

drained through the whey. According to
McSweeney and Fox (2004), 0.2–0.5% of
citrate is present in Cheddar cheese. In the
presence of mesophilic lactobacilli starter
cultures, citrate can be metabolised to produce
certain flavour compounds, including diacetyl,
acetoin, acetate and 2,3- butanediol, which
contribute to the flavour of cheese (Cogan and
Hill, 1993; de Figueroa et al., 2000,2001;
McSweeney, 2004b).

Degradation of lipids

Cheese lipids may involve hydrolytic or
oxidative degradation by the action of
indigenous, endogenous and/or exogenous
lipases, which result in the liberation of free fatty
acids in cheese during ripening, as shown in
Figure 1. (Bosset et al., 1993; Fox et al., 1995;
McSweeney, 2004a; Walstra et al., 2006). The
milk fat is rich in short-chain fatty acids, which
are important precursors for the production of
volatile flavour compounds that considerably
contribute to the development of flavour in
many cheese varieties (Collins et al., 2003;
Alewijn et al., 2005). Lipolysis occurs in all
varieties of cheese, but excessive lipolysis can
result in rancidity (Collins et al., 2003;
McSweeney, 2004b). Further, it has also been
reported that free fatty acids were counter-
balanced with other flavour compounds to
develop an appreciated aroma (Bosset and
Gauch, 1993; Fox et al., 1995). Lipases
generally originate from the milk, rennet
preparation, starter, adjunct starter, nonstarter,
and secondary microorganisms and exogenous
lipase (Deeth, and Fitz-Gerald, 1995; Fox and
Wallace, 1997; McSweeney and Sousa, 2000).

Milk contains an indigenous lipase, which is
called as lipoprotein lipase (LPL) (Fox and
Stepaniak, 1993; Fox et al., 1993). The fat does
not hydrolyse under normal circumstance
because substrate (fat) and enzyme (LPL) are
compartmentalised by the milk fat globule
membrane (MFGM) and most of LPL is
associated with the casein micelles (Collins et
al., 2003; McSweeney, 2004b). The rupture of
MFGM due to homogenisation, agitation,
foaming and freezing, could cause significant
lipolysis, resulting in off-flavors in cheese (Fox
et al., 2000; Collins et al., 2003; McSweeney,
2004b).
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 LPL is preferable for hydrolysis of triglycerides
containing short and medium-chain fatty acids
(Deckelbaum et al., 1990; Fox et al., 2000), and
acts preferentially C4:0 and C6:0 located at the sn-1
and sn-3 positions of triglycerides (Olivecrona et
al., 1992; Collins et al., 2003). LPL is probably
heat liable and is largely inactivated by HTST
pasteurization, although 78 oC for 10 s is required
for complete inactivation of this enzyme (Fox et
al., 2000; McSweeney, 2004b). Collins et al.
(2003) reported that the LPL activity is most
significant in raw milk cheeses than in cheese made
from pasteurised milk. Moreover, rennet paste,
used as a coagulant in certain Italian cheese
varieties, contains a potent lipase and pregastric
esterase, which are responsible for lipolysis in
those type cheeses (McSweeney, 2004b). The
Lactic acid bacteria are also capable to lipolysis
of fat, and their enzymes have been shown to
contribute to significant level of lipolysis
characteristics in Cheddar cheese (Collins et al.,
2003; McSweeney, 2004a, 2004b).
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Catabolism of free fatty acid

Fatty acids have a direct impact on the flavour of
many cheese varieties, e.g. C4-C10 acids are
particularly strongly flavoured (Collins et al.,
2003). Free fatty acids, especially short-medium
chain fatty acids, are important precursors for the

production of volatile flavour compounds
through a series of metabolic processes during
ripening of cheese (McSweeney and Sousa,
2000; Walstra et al., 2006). The enzymatic
system permits the β–oxidation of fatty acid to
a β-keto acid, which is rapidly de-carboxilated
to give methyl ketone (Figure 2) (McSweeney,
2004a; Dimitrellou et al., 2009). Collins et al.
(2003) reported that the methyl ketones are the
most important flavour compound, depending
on types of cheese and concentration of methyl
ketone. The formation of  methyl ketones is
influenced by several factors including
temperature, pH of cheese (pH 5-7),
concentration of precursor FFA and
physiological state of the mould. Methyl ketones
may also be reduced to form the corresponding
secondary alcohol by the action of P. roqueforti
enzymes (Collins et al., 2003; Walstra et al.,
2006).

The lactones in cheese are γ-decalactone and
δ-decalactone, which contribute to the flavour
of a number of cheese varieties (McSweeney,
2004a). These compounds are formed from
hydroxyacids following intramolecular
esterification (Collins et al., 2003).
Hydroxyacid are produced from oxidation of
fatty acids by the action of lipoxygenases and
other enzymes present in cow milk (Collins et al.,2003;
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Degradation of protein

Proteolysis is the most complex, and important
biochemical event in cheese ripening (Yvon and
Rijnen, 2001; Dimitrellou et al., 2010). Proteolysis
plays a vital role in the development of texture as
well as flavour (Sousa et al., 2001). Proteolysis is
contributing to the softening of cheese texture
during ripening due to the hydrolyzing para-casein
matrix, decreasing the water activity (aw) through
water binding by liberated carboxylic acids,
forming the amino groups by hydrolysis (Sousa et
al., 2001; McSweeney, 2004b). Proteolysis may
have a direct impact on cheese flavour through
the formation of short peptides and amino acids,

Figure 2 : Fatty acid metabolism during ripening
(Source : McSweeney, 2004a)

McSweeney, 2004a). Dodecalactones may be
formed by P. roqueforti from long-chain of
unsaturated fatty acids (Chalier and Crouzet,
1992). Collins et al. (2003) reported that
disproportionate amounts of high molecular mass
lactones caused rancidity in Cheddar cheese. In
addition, esters are formed by reaction of fatty
acids with an alcohol, and the ethyl esters are most
common in cheese (McSweeney, 2004a).
Thioester compounds are also produced when
fatty acid reacts with catabolic products of
sulphur-containing amino acids (Molimard and
Spinnler, 1996; Collins et al.,2003).

which may cause an off-flavour to cheese
(McSweeney, 2004a). However, McSweeney
and Sousa (2000) and Yvon and Rijnen (2001)
indicated that the role of proteolysis in cheese
flavour is a production of peptides and amino
acids which act as precursors for catabolic
reactions, resulting in production of many
important volatile flavour compounds. Sousa et
al. (2001) reported that in most cheeses, the
initial proteolysis of caseins occurred mainly by
the coagulant, and to some extent, by plasmin
and somatic cell proteinases (cathepsin D), and
release the large and intermediate-sized
peptides which are subsequently hydrolysed by
the coagulant and microbial enzymes. Microbial
proteinases generally produce the small peptides
and amino acids in cheese probably, by
hydrolyzing the large peptides produced from
αs1- casein and β-casein by action of chymosin
and plasmin respectively, whereas free amino
acids are produced from short peptides by
microbial peptidase (Sousa et al., 2001;
McSweeney, 2004a,b).

During cheese ripening, proteinases and
peptidases originate from the coagulant, milk,
starter LAB, NSLAB, secondary starters and
exogenous proteinases or peptidases added in
curd to accelerate the ripening (Fox et al., 2000).

Pagthinathan and Nafees : Cheese ripeningAGRIEAST 2015 (10)
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Plant proteases have also been investigated as
source of milk coagulants for cheese production.
So far, only a few plant aspartic proteinases have
been isolated and partially characterised (Tavaria
et al., 1997; Bruno et al., 2010). Most plant
coagulants were reported to have low ratio of
milk-clotting to proteolytic activity, which results
in bitter peptides in ripened cheese, and low yield
of cheese production (Sousa et al., 2001).

The major source of milk coagulant is calf rennet,
which contains two types of proteolytic enzymes
naturally, chymosin (EC 3.4.23.4) (88-94%) and
bovine pepsin (EC 3.4.23.1) (6–12%) (Sousa, et
al., 2001).  The principal and essential role of the
coagulant in cheese making is to coagulate milk.
Some coagulant activity is retained in the curd to
contribute to proteolytic activity during ripening in
many varieties of cheeses (Sousa et al., 2001).
Other enzymes found to be a source of coagulants
for cheese production include pepsin
(Rhizomucor) and proteinases (Cryphonectria
parasitcia, Cynara cardunculus) (Fox et al.,
2000; McSweeney, 2004b; Nourani et al., 2009).

Milk contains several indigenous proteinases.
Plasmin is a principal indigenous proteinase, and
is a trypsin-like serine proteinase. It acts optimally
at pH 7.5 and 37°C and heat stable up to 55oC.
The plasmin activity is more significant in cheese
types which are cooked to high temperature
because high temperatures probably inactivate the
plasmin inhibitors (McSweeney, 2004a). The
plasmin is active on caseins in the order β-casein
H” αs2- casein > αs1-casein. κ-Casein seems to
be quite resistant to the action of plasmin (Fox et
al., 2000). In addition, milk contains many other
proteolytic enzymes such as cathepsin D and
cathepsin B, which have been confirmed for the
milk coagulation activity (Hurley et al., 2000;
Magboul et al., 2001;  McSweeney, 2004b).

Lactic acid bacteria (LAB) are proteolytic, and
possess a proteinase and a wide range of
peptidase, which are important for the final stages
of proteolysis in cheese ripening, ultimately
producing small peptides and amino acids in cheese
(Fox et al., 2000). The proteolytic system of
Lactococcus is basically composed of a cell
envelope-associated proteinase (CEP) or PrtP, and
intracellular proteinases especially peptidases and

tripeptidases (Christensen et al., 1999;
McSweeney, 2004b). It has been reported that
proteinase (PrtP) contributes to the formation
of small peptides in cheese by hydrolysing
larger peptides produced from αs1 – casein and
β – casein by chymosin and plasmin,
respectively, whereas intracellular peptidases
such aminopeptidases, dipeptidases and
tripeptidases liberate the free amino acids from
small peptides ( Fox et al., 2000; McSweeney,
2004b). In addition, non – starter LAB
(NSLAB) is involved in the ripening of nearly
all types of cheese, especially Cheddar cheese
(Fox et al., 2000). The activity of the NSLAB
appears to supplemets the proteolytic action of
the starter (McSweeney, 2004a). However,
NSLAB seems to be not only contributing
proteolysis in Cheddar cheese, but also to the
release of free amino acids (Fox and
McSweeney, 1998).

Catabolism of free amino acid

The catabolism of the free amino acids during
ripening has produced many flavor compounds
(McSweeney and Sousa, 2000; Yvon and
Rijnen, 2001). Products of amino acid
catabolism contribute as precursors to the
development of volatile flavour compounds in
cheese (Katechaki et al., 2009).

Amino acids are grouped into branched-chain
amino acids, aromatic amino acids and
methionine. They act as a substrate for
aminotransferase (lyase), decarboxylation,
deamination, dehydrogenation, oxidation and
reduction reactions  to produce a variety of
flavor compounds during cheese ripening (Yvon
and Rijnen, 2001; Marilley and Casey, 2004;
McSweeney, 2004a,b; Dimitrellou et al., 2010).

Catabolism of branched-chain amino
acids

Catabolism of branched-chain amino acids such
as leucine, isoleucine and valine are initiated by
the action of aminotransferase producing
corresponding α–keto acids (α-ketoisocaproate,
α-keto-β-methyl valerate and α-ketoisovalerate,
respectively) (Yvon and Rijnen 2001; Marilley
and Casey, 2004). Further, the α–keto acids are
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Catabolism of aromatic amino acids

The first step of the catabolism of aromatic
amino acids is by transamination (Figure 4),
which produces α–keto acids indole pyruvate,
phenyl pyruvate and p-hydroxy-phenyl pyruvate
from tryptophan, phenylalanine and tyrosine,
respectively (Yvon and Rijnen 2001; Marilley and
Casey, 2004). The α–keto acids are further

catabolised in a series of metabolic pathways to
produce flavor compounds in cheese ripening
(McSweeney, 2004b), which includes
benzaldehyde, phenyl acetaldehyde, phenyl
ethanol, phenyl acetate, phenyl propanoate,
indole, skatole and p-Cresol (Moio et al., 2000;
Curioni. and  Bosset, 2002;  McSweeney,
2004b).

Figure 3 Catabolism of Branched- Chain Amino Acids
(Source: Marilley and Casey, 2004)

degraded to other compounds by enzymatic or non
enzymatic reactions (McSweeney, 2004b) and
may be involved in a series of biochemical
reactions such as oxidative decarboxylation,
decarboxylation and reduction as illustrated in
Figure 3, releasing volatile flavour compounds
including phenylacetic acid, phenethanol, p-cresol,
methane thiol, dimethyl disulphide, 3-methyl
butyrate, 3-methyl butanal, 3- methyl butanol, 3-

methyl-2-butanone, 2-methyl propionate, 2-
methyl-1-propanal, 2-methyl butyrate, and 2-
methyl butanal (Rychlik and Bosset, 2001; Yvon
and Rijnen 2001; Marilley and Casey, 2004;
McSweeney, 2004). Curtin and McSweeney
(2004) reported that aminotransferase is a rate-
limiting step for the production of flavour
compounds in cheese.

Pagthinathan and Nafees : Cheese ripening



22

Figure 4. Catabolic pathways of phenylalanine
(Source: McSweeney, 2004b)

Catabolism of methionine

Sulphur-containing volatile compounds are
important flavours in many cheese varieties,
especially in Cheddar cheese and are major
contributors to aroma development in cheese

(McSweeney and Sousa, 2000). The
degradation of sulphur-containing amino acid
(methionine) is also initiated by a transamination
producing 4-methylthio- 2-ketobutyric acid
(Figure 5) (Marilley and Casey, 2004).
Demethiolation or/ and decarboxylation of 4-

AGRIEAST 2015 (10) P. 16 - 26

Figure 5. Catabolism of methionine and generation of volatile sulphur compound
(Source: Marilley and Casey, 2004)
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Microbial ripening

Cheese contains a diversity of microorganisms
and enzymes which could cause biological,
biochemical and chemical changes in all varieties
of cheeses. Generally in all cheeses, the enzymes
originating from the milk, coagulant and starter
are not sufficient to make a ripening (Fox et al.,
2000; Shetty et al., 2006). The action of these
enzymes combined with enzymes from the
secondary microflora induces changes to the
flavour, aroma and texture in cheese during
ripening. The rate and extent of microbial ripening
is directly dependent on the percentage salt-in-
moisture in the in cheese (Fox et al., 2000).
Microbial ripening is mainly dependent on pH,
ripening temperature, water activity, and
concentration of salt, oxidation reduction potential,
NO3, and other compounds (bacteriocins).
However, cheese ripening involves the
combination of microbial and biochemical changes
in cheese (Fox et al., 2000; Curtin and
McSweeney, 2004).

methylthio-2-ketobutyric acid liberate the sulphur-
containing flavour compounds including, dimethyl
disulphide, dimethyl trisulphide, S-methyl
thioacetate, boiled potato-like (methional) and
cooked cabbage like methanethiol (McSweeney
and Sousa, 2000; Yvon and Rijnen, 2001; Thierry
and  Maillard, 2002; Marilley and Casey, 2004).
In addition to ammonia produced by deamination,
it contributes to flavour in certain varieties of
smear cheese. It may also contribute to elevation
of cheese pH during ripening.  Decarboxylation
of amino acids produce amine, which has strong
and unpleasant aroma, and adversely affects the
cheese quality.  The rate of amine production
usually depends on the concentration of precursor
amino acids, cheese micro flora (non-starter
lactobacilli and enterococci), ripening temperature,
pH and salt concentration (Curtin and
McSweeney, 2004; McSweeney, 2004a;
McSweeney, 2004b).

Summary

Cheese ripening involves a very complex series
of biochemical reactions by living organisms or
by enzymes from several sources. The primary
events are glycolysis, lipolysis and proteolysis. The

fermentation of lactose mainly to lactic acid is
caused by starter microorganisms. Lipolysis is
quite limited in most cheese. However the
proteolysis is the most complex process, which
is not possible to characterize in detail. The
primary reactions such as increase in pH and
hydrolysis of protein matrix are primarily
responsible for changes in cheese texture, but
they are a minor contribution to cheese flavor.
The catabolism of lactic acid has minor
influence on the flavor of most cheeses. The
catabolism of fatty acid to methyl ketones via
β-oxidation and decarboxilation are a major
contribution to flavor characters of some cheese
(eg. blue molt ripened cheese). While the
catabolism of amino acid is a major contribution
to the flavor of many cheese varieties. Lactic
acid metabolism and the ammonia produced in
many of the reactions are contributing to the
pH of cheese during ripening, and this change
in the pH affects the texture of the cheese,
salability and activity of the enzyme.  Since the
biochemistry of cheese ripening is responsible
for the development of flavor, texture and
appearance, these biochemical reactions are a
prerequisite for controlling and modifying
cheese ripening. In general, this biochemical
reactions, particularly secondary reaction of
amino acid catabolism remain as challenges for
future researchers in this area.
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