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Chapter 1
Biogenic Amines in Cheeses: Types
and Typical Amounts

Abstract This chapter evaluates the consequences of protein modifications in
cheeses with specific relation to the production of biogenic amines and related
influence on food quality and safety. As certain biogenic amines display a toxic
potential to humans, considerable research has been carried out in recent years to
evaluate their present in fermented foods such as cheeses. The presence of amines is
influenced by different factors such as cheese variety, seasoning and microflora.
With specific relation to cheeses, the main biogenic amines analytically detected in
cheeses are histamine, tyramine, putrescine, cadaverine and 2-phenylethylamine.
These biogenic amines are discussed from the chemical viewpoint; also, techno-
logical aspects of cheesemaking productions are analysed in connection with bio-
genic amines production. Consequently, adequate mitigation strategies are needed
because safety is a basic requirement in food productions; in addition, the current
legislation defining biogenic amines and related tolerances in fermented foodstuffs
does not appear sufficient.

Keywords Amino acid decarboxylase - Cheesemaking - Decarboxylating activ-
ity - Intoxication - Mitigation strategy - Ripening time - Risk assessment

Abbreviations

Agmatine AGM
Amino acid AA
Amino acid decarboxylase AAD
Biogenic amine BA
Cadaverine CAD
Carbon dioxide CO,
Diamine oxidase DAO
European Food Safety Authority EFSA
Food and Agriculture Organization of the United Nations FAO
Food and Drug Administration FDA
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High-performance liquid chromatography HPLC
Histamine HIS
Lactic acid bacteria LAB
Monoamine oxidase MAO
Non-starter lactic acid bacteria NS-LAB
Oxygen: (0))
2-phenylethylamine PHE
Putrescine PUT
Serotonin SER
Sodium chloride NaCl
Spermidine SPD
Spermine SPM
Tryptamine TRP
Tyramine TYR

1.1 Biogenic Amines in Foods. Chemical Structures
and Biosynthetic Pathways

Biogenic amines (BA) constitute biological active, non-volatile, low-molecular
weight, organic bases. These compounds can be produced and degraded as the
result of normal metabolic activities in humans, animals, plants and microorgan-
isms. Bioactive amines are also present in a variety of food products like chocolate,
meat, fish and fermented foods (beer, wine and dairy products) [1]. The main
important compounds in this category are: histamine (HIS), tyramine (TYR),
serotonin (SER), tryptamine (TRP), putrescine (PUT), cadaverine (CAD),
2-phenylethylamine (PHE), agmatine (AGM), spermidine (SPD) and spermine
(SPM). The first six compounds are shown in Fig. 1.1.

According to their chemical structure, BA can be classified as aromatic (his-
tamine, tiramine, serotonin, 2-phenylethylamine and tryptamine) on the one hand,
and aliphatic compounds on the other side (putrescine, cadaverine, agmatine,
spermidine and spermine). In addition, BA can be discriminated depending on the
number of amino groups: the proposed classification concerns monoamines
(2-phenylethylamine and tyramine), diamines (histamine, serotonin, putrescine and
cadaverine) and polyamines (spermine, spermidine and agmantine) [2]. These
amines may arise through microbial processes by decarboxylation of free precursor
amino acids (AA) or by amination and transamination of aldehydes and ketones
with the presence of amino acid transaminases [3, 4].

With specific relation to cheeses, the main detected BA are histamine, tyramine,
putrescine, cadaverine and 2-phenylethylamine [5, 6]. These BA are products of the
decarboxylation of histidine, tyrosine, ornithine, lysine and phenylalanine,
respectively. Putrescine can also be obtained through deamination of agmatine [7].
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Fig. 1.1 Chemical structures of six biogenic amines: histamine (HIS), tyramine (TYR), serotonin
(SER), tryptamine (TRP), putrescine (PUT), and cadaverine (CAD). BKchem version 0.13.0, 2009
(http://bkchem.zirael.org/index.html) has been used for drawing this structure

Decarboxylase-producing life forms can be found among the so-called starter
culture, also named lactic acid bacteria (LAB), non-starter lactic acid bacteria
(NS-LAB) and/or other spontaneous microflora [8, 9]. However, the capacity to
produce biogenic amines is a strain-specific feature within microbial groups [10].

With relation to the aminogenesis process, the formation of BA depends on the
activity of two proteins at least: a key enzyme with amino acid decarboxylase
(AAD) activity, belonging to the pyridoxal-phosphate-dependent enzyme group
(whose members use pyridoxal-5’-phosphate as a coenzyme) and a transporter
molecule responsible for AA/BA interchange. These proteins belong to the amino
acid/polyamine/organocation (APC) superfamily [11, 12].

BA production in foods requires the availability of precursors (i.e. AA), the
presence of bacteria able to synthesise AAD and favourable conditions for their
growth and decarboxylating activity [12, 13]. The formation of biogenic amines has
been associated with some groups of microorganisms. Also, some strains are able to
produce more than one amine at the same time, either due to the presence of
different decarboxylases or to the action of a single enzyme which decarboxylates
different AA [14].

AAD are enzymes produced in many microorganisms: these molecules can be
naturally present in microbiota of food products or may be introduced by con-
tamination before, during or after food processing. Decarboxylases have been found
in species belonging to Bacillus, Clostridium, Pseudomonas and Photobacterium;
they are also present in genera of the family Enterobacteriaceae (such as
Citrobacter, Klebsiella, Escherichia, Proteus, Salmonella and Shigella) and
Micrococcaceae (such as Staphylococcus, Micrococcus and Kocuria). On the other
hand, many LAB like genera Lactobacillus, Enterococcus, Carnobacterium,
Pediococcus, Lactococcus and Leuconostoc are capable to decarboxylate one or
more AA [15, 16].
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1.2 Analytical Determination of Biogenic
Amines in Food Products

The interest in the presence and amount of BA in foodstuffs and beverages is
always remarkable because these compounds play an important role in human
health and food safety. In fact, these are involved in natural biological processes;
nonetheless, BA may be hazardous for the human being if their levels in foods or
beverages reach a critical threshold [17].

BA formation can occur during food processing and storage because of bacterial
activities. Thus, higher amounts of certain amines may be found in foods as con-
sequence of the use of poor quality raw materials, microbial contamination and
inappropriate conditions during food processing and storage [1]. Consequently,
biogenic amines have been suggested as chemical indicators of the hygienic quality
of raw material and/or manufacturing practices. The quantity of BA can be con-
sidered a marker of the level of microbiological contamination in foods [7]. For
these reasons and their potential toxicity, BA levels have to be monitored in food
products [1, 2, 4, 13]. Since the presence of BA has great impact on food quality
and safety, different methods have been developed for their identification and
quantitative determination recently [15, 18].

The highest drawbacks in the analysis of BA in foods are, very often, their wide
range of concentrations and the complexity of sampled matrices due to high protein
and fat contents. These factors may complicate BA extraction [18, 19]. Thus, a
large amount of compounds can interfere in the analyte signal, providing matrix
effect to take into account. Matrix effects can be estimated on condition that slopes
of calibration curves obtained from spiked samples before the extraction are con-
sidered, with standard solution at different concentrations (external calibration
curves). A tolerable signal suppression or enhancement effect should be evaluated if
the slope ratio (matrix/solvent) ranges between 0.8 and 1.2, whereas lower values
than 0.8 or higher than 1.2 imply a strong matrix effect.

The quantification of biogenic amines is generally performed by means of
chromatographic methods: thin layer chromatography, ion exchange chromatog-
raphy, gas chromatography and high-performance liquid chromatography (HPLC).
Biochemical assays and capillary electrophoresis have also been reported [18, 20,
21]. Currently, reversed-phase HPLC in combination with pre- or post-column
derivatisation is the most widely used method [1]. Indeed, the European Food
Safety Authority (EFSA) recommends HPLC as the best analytical system, in terms
of reliability and sensitivity, for BA detection in fermented foods [1]. In general,
sample clean-up and pre-concentration procedures, based on liquid-liquid or solid—
phase extraction, can be applied to improve selectivity and sensitivity. Besides, pre-
or post-column derivatisation is usually necessary to attain the desired sensitivity
since the majority of BA display poor spectroscopic features. Typical labelling
reagents used in AA analysis, such as o-phthaldialdehyde, fluorenylmethylchloro-
formate and dansyl- or dabsyl- chlorides have been adapted [18]. The determination
involves usually acid extraction from a solid matrix, after the saturation and
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alkalinisation of the extract, followed by a liquid—liquid partition with an organic
solvent. Solid samples are extracted with acidic solvents such as trichloroacetic,
perchloric or hydrochloric acids [22]. The extraction of amines represents the
critical step of the process and it affects negatively analytical recoveries.
Furthermore, the selective extraction of single amines from the acid solution is a
process influenced by many factors such as the type of acid, the type of organic
solvent, the salt used for saturation, pH for amine extraction (liquid-liquid partition
with the organic solvent), time and type of stirring, etc. In particular, the choice of
acid has to be related to the characteristics of the peculiar food matrix. pH is the key
parameter that certainly exerts the greatest influence on partition equilibrium of
amines between the two phases (aqueous and organic). Since AA are the precursors
for BA formation, analytical methods, aiming to determine both compounds, are
thus of particular interest for two main reasons: reliable information about nutri-
tional or hygienic quality, and immediate quality control monitoring during man-
ufacturing steps. A particular example concerns cheese ripening (and the possibly
associated BA formation) [18].

1.3 Physiological and Toxicological Aspects of the Main
Biological Amines Found in Food Products

BA are involved in different physiological roles such as synaptic transmission,
blood pressure control, hormonal mediation, allergic response and cellular growth
control. Aromatic amines (tyramine, tryptamine and 2-phenylethylamine) show a
vasoconstrictor action. Psychoactive amines such as dopamine and serotonin are
neurotransmitters in the central nervous system while others (histamine and sero-
tonin) present a vasodilator effect. Moreover, tyramine and histamine also act as
hormonal mediators in humans and animals [2].

High amounts of certain amines constitute a potential public health concern due
to their physiological and toxicological effects. The consumption of foods
containing high BA amounts may cause several problems for susceptible con-
sumers. Toxic effects ascribed to BA ingestion because of food contamination
have been observed, particularly in individuals having dysfunctional biogenic
amines-degrading mechanisms, either naturally or due to intake of alcohol or cer-
tain medications [1, 20]. Clinical signs appear normally between 30 min to a few
hours after BA ingestion and disappear generally within 24 h. These symptoms are
reported to be headaches, vertigo, nausea and vomiting, enhancing of secretion by
gastric mucosa, gastrointestinal cramps, stomachache and diarrhoea, hypotension,
tachycardia, extrasystoles, itching, nose congestion, rhinorrhoea, blepharitis, flush,
pruritus and urticaria [20, 23]. The related intensity is dependent on the quantitative
and qualitative kind of ingested amines [17]. For these reasons, the Food and
Agriculture Organization of the United Nations (FAO) considers BA in foods as a
biological hazard [24].
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The EFSA considers tyramine and histamine as the most toxic BA but indicates
that there is no available information to conduct quantitative BA risk assessment [1].

Among intoxications related with BA, the ‘scombroid poisoning’ caused by
histamine ingestion is reported with a certain frequency. Similar incidents have
been associated with the ingestion of spoiled fish of the Scombridae family (which
gave rise to the term ‘scombroid syndrome’) [25, 26]. Cheese follows is notably
associated with tyramine poisoning, the so-called ‘Cheese reaction’, due to the high
content in aged cheese [27].

No legal limits for tyramine in foods have ever been set anywhere; in addition,
there are no legal restrictions for histamine in other foods except for fish. It is
generally assumed that histamine is the most toxic BA. However, later results [28]
indicate that tyramine is even more toxic than histamine. Linares and co-workers
[28] reported cytotoxicity threshold detected for histamine (441 mg kg™ ') and for
tyramine (302 mg kg~ '). Nevertheless, concentrations found to be toxic in both
cases are commonly found in BA-rich foods such as cheese [1, 29]. Concentrations
below this threshold might also cause adverse reactions, although not so severe.
However, people with less powerful BA-detoxification systems caused by genetic
deficiencies, gastrointestinal disease, mono- or diamine oxidase inhibitor medica-
tion, or after ingestion of alcohol or other potentiating factors [30] might be at
greater risk.

1.3.1 Histamine

HIS is synthesised by the pyridoxal phosphate containing L-histidine decarboxylase
from AA histidine. It can be metabolised by oxidative deamination by means of
diamine oxidase (DAO) [30].

The ability to produce HIS has been found in both Gram-negative and
Gram-positive bacteria. Many Gram-negative bacteria normally found in contam-
inated foods are able to produce HIS. For example, strains of Oenococcus oeni,
Pediococcus parvalus and P. damnosus, Tetragenococcus species, Leuconostoc
species, Lactobacillus hilgardii, L. buchnerii and L. curvatus are known to produce
HIS in fermented foods [31]. In recent years, HIS production has been occasionally
described for some previously unrecognised species with reference to BA synthesis,
such as Streptococcus salivarius subsp. thermophilus [32] and Lactobacillus sakei
[33]. However, the proportion of decarboxylase-positive strains is low and their
histaminogenic potential is weak or not proven in food.

HIS has important roles in human metabolism: it acts both as local hormone and
as neurotransmitter. Moreover, mast cells, blood cells and neurons in the brain may
contain HIS [34].

HIS modulates a variety of functions by means of the interaction with specific
receptors on target cells, namely H,, H, and H3 receptors of the G-protein coupled
receptor family [35]. Its physiological role includes gastric acid secretion, cell
growth and differentiation, circadian rhythm, attention and cognition. HIS
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poisoning is the most common food-borne intoxication caused by BA. Although
cheese has been implicated in outbreaks of HIS poisoning, such incidents have long
been associated with the ingestion of spoiled fish [25, 26]. The intake of foods with
high HIS concentration is associated with a range of toxicological effects.
Typically, such poisoning appears with allergic reactions, acute gastrointestinal
distress, headache, nasal secretion, bronchospasm, tachycardia, extrasystoles,
hypotension, edema (eyelids), asthma and perhaps neurological and cutaneous
symptoms. Intoxication is characterised by an incubation period ranging from a few
minutes to hours, with symptoms that are usually noticeable for a few hours only.
These symptoms can be particularly severe in individuals who are deficient in
diamine oxidase—the HIS-degrading enzyme present in epithelial cells of the
intestinal tract—for genetic or pharmacological reasons [30]. Health risks can
increase if enzymatic systems are blocked by mono- or diamine oxidase inhibitors,
gastrointestinal diseases, genetic deficiencies or potentiating factors such as alcohol
and other biogenic amines [30].

A number of drugs containing DAO-inhibitors and alcohol are known to reduce
DAO activity [36]. Individual differences in enzyme activities besides varying HIS
concentrations in food may account for different tolerance levels. In healthy per-
sons, dietary HIS is rapidly detoxified by amine oxidases, but they may develop
severe intoxication symptoms because of high HIS amounts ingested with food
such as scombroid fish or matured cheese [30, 37].

1.3.2 Tyramine and 2-Phenylethylamine

TYR and PHE are synthesised in humans from their corresponding AA (tyrosine
and phenylalanine, respectively) by decarboxylation. Their catabolism is mainly
mediated by monoamine oxidase (MAO).

The main TYR producer organisms found in fermented foods are Gram-positive
bacteria within the genera Leuconostoc, Lactococcus [38, 39], Enterococcus such
as Enterococcus faecalis and E. faecium, and Lactobacillus such as Lactobacillus
curvatus and L. brevis [40, 41]. Also, PHE production is associated with TYR
production as demonstrated for Enterococcus spp., L. curvatus and Staphylococcus
spp. [42].

Both amines have important physiological roles in heterotrophic cells.
Physiological effects of TYR include peripheral vasoconstriction, increased cardiac
output and respiration, elevated blood glucose and release of norepinephrine [41].
PHE is a physiological constituent in the mammalian brain: it has been linked with
the regulation of mood and attention [44]; also, this amine can act as enhancer
substance making easier the release of neurotransmitters catecholamine and sero-
tonin [45]. The ingestion of high concentration of these BA might also causes toxic
effects for human health, especially in individuals with reduced-MAO detoxifying
activity. It has been hypothesised that dietary TYR and trace amines cause
vasodilatation of the mesenteric vascular bed, increasing blood flow at the
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gastrointestinal level and thus facilitating their absorption [46]. Direct effects
associated with specific receptors have also been reported at the cardiovascular
level, causing an increase in heart rate. PHE ingestion has sometimes been asso-
ciated with symptoms such as headache, dizziness and discomfort [47].

In addition, TYR and PHE have been proposed as the initiators of hypertensive
crisis in certain patients and of dietary-induced migraine. Clinical signs appear
between 30 min to a few hours following BA consumption and usually disappear
within few hours; recovery is usually complete within 24 h [1]. TYR has also been
considered a causative agent of certain food-induced migraines, together with PHE.
However, migraine is a multifactorial problem not only affected by one component
of the diet but also by other environmental, physiological and psychological factors.

1.3.3 Putrescine and Cadaverine

PUT and CAD are diamines that can be formed either as natural polyamines during
de novo polyamine biosynthesis or as BA by decarboxylation [2]. PUT formation in
animals and microorganisms requires the free amino acid ornithine and the enzyme
ornithine decarboxylase. Alternatively, PUT can be produced from arginine via
agmatine and carbamylputrescine [48]. AA lysine is decarboxylated by lysine
decarboxylase to form CAD.

Different bacteria species exhibit decarboxylases with high activity. PUT and
CAD production has mainly been related to Gram-negative bacteria, especially in
the families Enterobacteriaceae, Pseudomonadaceae and Shewanellaceae, gener-
ally associated with spoilage [49]. Enterobacteria genera Citrobacter, Klebsiella,
Escherichia, Proteus, Salmonella and Shigella are associated with the production of
considerable PUT and CAD amounts in foods [50]. LAB, lactobacilli mainly, and
staphylococci have been reported to be able to produce PUT and/or CAD [51].

PUT acts as a precursor for the physiological polyamines (i.e. spermidine and
spermine) in humans, and all these molecules are involved in the regulation of cell
growth, cell division and differentiation via the regulation of gene expression and
the modulation of signal transduction pathways [8, 35].

PUT is an important constituent of all mammalian cells and is essentially
involved in a variety of regulatory steps during normal and malignant cell prolif-
eration. PUT and CAD may react with nitrite to form carcinogenic nitrosamines;
they can also be proposed as spoilage indicators [52]. Probably, the most relevant
issue of PUT and CAD is related with their role as enhancers of other BA toxic
effects due to the inhibition of detoxifying enzymes [53, 54]. In fact, PUT and CAD
may potentiate toxic effects of HIS and TYR by inhibiting monoamine oxidase,
diamine oxidase and hydroxymethyl transferase [2].
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1.4 General Legislation Concerning Biogenic
Amines in Foods

Legislation on BA in foods appears insufficient although it is generally accepted
that BA should not be allowed to accumulate in food products. It is very difficult to
establish a uniform maximum limit for ingested BA since their toxic effect depends
on the BA typology, the presence of modulating compounds and the efficiency of
each person’s detoxification system.

The only BA for which maximum limits have been legally set by the EFSA is
HIS, and then only in scombroid-like fish (200 mg kg™') and fish products
(400 mg kgfl) [55]. The United States Food and Drug Administration (FDA) has
suggested that HIS concentration in fish >500 mg kg~ correspond to health dan-
gers [25, 56]. No further legislation exists anywhere to regulate HIS or the
remaining BA in any other food.

1.5 Presence of Biogenic Amines in Cheese

After fish, cheese is the next most commonly implicated food item associated with BA
poisoning [12]. Fermented dairy products and cheeses, in particular, may be a sig-
nificant BA source [7, 12, 57]. High concentrations of HIS, TYR, PUT, CAD and PHE
[4,9]have been found in fermented foods such as cheeses; the phenomenon is ascribed
to responsible enzymes—AAD—and microorganisms, for example in naturally
occurring and/or artificially added LAB, involved in food fermentation [58].

Some strains described as part of the main amine producers in cheeses are
present in the genera Enterococcus, Lactobacillus, Lactococcus, Leuconostoc,
Streptococcus and the Enterobacteriaceae family [12].

Cheese is an ideal substrate for amines production. Indeed, the main biochemical
process (proteolysis) that takes place during cheese ripening leads to the accumu-
lation of free AA, and some of these are BA precursors. As a consequence, the
higher the content of free AA, the higher the probability of BA production [4, 57,
59]. Other factors affecting BA production in cheeses include technological pro-
cesses with the possible presence of decarboxylase-positive microorganisms and the
synergistic effects between microorganisms as well [4, 60], but also environmental
conditions that allow their growth, as well as the presence of suitable cofactors
(pyridoxal phosphate) [12]. For these reasons and their potential toxicity, several
authors studied BA concentration values in different kinds of cheese [1, 4-6, 9, 19,
22, 61, 62]. Obtained data allow assuming that the highest BA amounts are present
in hard-ripened cheese. These compounds can be present in all samples with
notably wide concentration ranges because BA production and the accumulation in
fermented foods is an extremely complex phenomenon affected by multiple factors
and their interactions [12, 22].
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1.6 Biogenic Amines in Cheeses: Technological Aspects

BA concentration and types in cheeses are extremely variable. In particular [1, 4-6,
9, 19, 22, 61, 62]:

(a) PUT can be detected between 4 and 298 mg kg~ ' depending on the typology of
cheese and ripening periods. Interestingly, the maximum amount is found in
ripened cheeses while hard-ripened cheeses are reported to contain slightly
lower quantities (up to 204 mg kg™ ')

(b) HIS may reach 646 mg kg™' in hard-ripened products

(c) TYR can be considered the higher concern with relation to maximum amounts
in hard-ripened cheeses, although the problem can be signalled in ripened
cheeses also (maximum reported quantity: 1009 mg kg™' in hard-ripened
cheeses)

(d) PHE seems to be found in reduced quantities when speaking of ripened,
hard-ripened and unripened cheeses (the maximum detection does not appear to
exceed 145 mg kg™").

Aminogenesis processes depend on multiple and complex variables such as type
and thermal treatment of milk, presence of microorganisms and related proteolytic
and decarboxylase activities, ripening time, pH and sodium chloride (NaCl) con-
centration, storage time and temperature and packaging type [22]. In addition, the
availability of substrate AA is one of the prerequisites for BA synthesis. In par-
ticular, proteolysis is a crucial factor because it is directly related to availability of
free AA. It has been reported that conditions of accelerated or enhanced proteolysis
increase BA formation [38, 57].

1.6.1 Ripening Time

One of the main factors strongly affecting BA accumulation in cheese is the
ripening period. Cheese ripening is a complex phenomenon, producing a series of
physical-chemical, biochemical and biologic variations strictly connected. In this
process, caseins represent the substrate but lipids and soluble components (sugar,
lactic acid, citric acid, etc.) are involved as well. Cheese proteolysis increases AA
availability; AA can be decarboxylated by microbial enzymes to produce BA.
Moreover, the use of starter cultures could influence BA production, either directly
or indirectly, through the interaction with the wild flora [13, 63].

During fermentation, and besides the contribution of contaminating bacteria,
microbiota responsible for fermentation can also show aminogenic activity.
Moreover, proteolytic activity and other biochemical mechanisms such as yeast
lysis and acidification, usually accompanying fermentation processes, increase the
availability of precursor free AA with favoured decarboxylation reactions [13].
However, microorganisms must be carefully selected for each type of product and
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variety (i.e. substrate) taking into account their technological competence (com-
petitiveness, influence on organoleptic characteristics, etc.) and safety requirements,
including the inability to produce BA, which is not a usual criterion for starter
culture selection [64].

Caseins represent the substrate but the process involves also lipids and soluble
components (sugar, lactic acid, citric acid, etc.). Starter LAB and NS-LAB and/or
other spontaneous microflora carry out the ripening process. Starter LAB contribute
to protein degradation, while NS-LAB are responsible for peptidolysis and BA
release [65]. Free AA can be further decarboxylated by bacterial enzymes, pro-
ducing BA accumulation. Therefore, prolonged ripening times are considered one
of the main causes of BA augments in cheese, as reported by several authors [6, 63,
64]. It can be affirmed that BA contents in ripened cheeses are generally higher than
those in unripened cheeses.

Moreover, great variations have been reported in the type and quantity of pro-
duced BA between different strains of the same species or genera [9, 48]. In many
cases, BA accumulation has been attributed mainly to the activity of the non-starter
microflora. However, an indirect role of the starter LAB can be hypothesised:
peptidases released by starter LAB lysis could be essential to provide precursor AA
[54]. It follows that, during the fermentation process, BA formation can be con-
trolled by using starter cultures that are less effective in decarboxylating AA; the
inability to produce BA should be considered a necessary condition for strains
intended to be used as starters. Another approach to reduce BA in cheese is to use
starter cultures with amine oxidase able to degrade BA [66].

1.6.2 Kind of Milk

BA content in cheeses depends mainly on the microbiological quality of milk if
compared with the milk typology. However, many authors found that thermal
treatment is able to reduce BA concentration in cheeses. In fact, many decar-
boxylating bacteria do not survive at high temperature [7, 64, 67]. Other factors
should be considered, including the slower rate of proteolysis observed in cheeses
made from pasteurised milk and heat inactivation of pyridoxal phosphate, the
cofactor for decarboxylase activity [68]. This is the main explanation for lower BA
contents normally detected in cheeses from pasteurised milk or from milk subjected
to high-pressure homogenisation in comparison with those obtained from raw milk
[63, 68]. Anyway, deficient hygienic conditions can promote contamination with
BA-producing microorganisms during cheese manufacturing after the thermal
treatment, leading to BA accumulation (remarkable amounts) in cheeses derived
from pasteurised milk as well [67, 61].
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1.6.3 pH and NaCl Concentration

pH level is an important parameter because of the related influence on AAD activity
[4]. Generally, the pH of cheeses varies from 4.0 to 6.0 [22] and AA decarboxy-
lating enzymes show optimum activity at acid pH values (4.0-5.5) [38]. In par-
ticular, BA formation could be influenced from two main pH-dependent
mechanisms acting simultaneously.

First, the acidification could inhibit the growth of decarboxylation microor-
ganisms [41]. In addition, the production and enzymatic activity may be influenced
at low pH values because bacteria are more stimulated to produce decarboxylase as
a part of their defence mechanisms against acidity [38, 40]. Salt concentration can
influence cheese texture, flavour development and BA formation from free AA.
Different salt contents could be related with the variation of microflora composition,
leading to differences in BA formation. Some studies found that the high salt
content could control BA production [66]. This observation could be explained by
means of the inhibitory effect of high salt content on the growth rate of
BA-producing bacteria [70].

1.6.4 Storage Time and Temperature

Storage temperature is an important technological parameter strongly affecting BA
formation in cheeses. Several authors have found that the quantitative BA pro-
duction is usually reported to be temperature- and time-dependent [5, 7, 66].
Mostly, amine production rates increase with the temperature. In fact, microbial
growth, biochemical reactions and the production of metabolites increase generally
with temperature augments. Conversely, BA accumulation is minimised at low
temperatures, through inhibition of microbial growth and the reduction of enzy-
matic activity [22, 66]. The optimum temperature for BA production by mesophilic
bacteria has been reported to be between 20 and 37 °C, while related decreases are
observed below 5 °C or above 40 °C [1]. For these reasons, low temperatures
should be applied during storage to reduce proteolytic, decarboxylase activities and
microbial growth [71].

1.6.5 Packaging

Modified atmosphere packaging (MAP) is a popular food preservation method
involving the modification of gas composition, surrounding the food product and
packaging with barrier films [72]. Combination of carbon dioxide (CO,), nitrogen
and oxygen (O,) in MAP-perishable foods is able to suppress the aerobic spoilage
flora [73]. Some authors [50, 73, 74] reported studies on the successful control of
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BA formation through MAP in some foods [66]. All these reports represent BA
reduction with MAP techniques but the effectiveness of the method depends on gas
concentration, microbial ecology of the food and storage conditions. Andic and
co-workers [74] have investigated the effect of packaging (non-vacuum and vac-
uum) methods on BA production in cheese during storage. It has been found that
packaging method and storage temperature (4 and 18 °C) had a significant effect on
BA concentrations. In particular, they reported that non-vacuum-packaged cheeses
stored at 4 °C had higher PUT, CAD, HIS and TYR amounts in comparison with
vacuum-packaged cheeses.

1.6.6 Possible Mitigation Strategies Against
Biogenic Amines

Safety is a basic requirement in food productions. At present, legislation defining
BA limits and related tolerances in fermented foodstuff does not appear sufficient.
However, cheese should be strictly monitored because of related high BA con-
centrations. Therefore, a greater knowledge of the factors involved in BA synthesis
and accumulation should lead to a reduction in their incidence in dairy foods.

As above mentioned, the main prerequisites for BA production in foods include:
availability of free AA, presence of BA-producing microorganisms, thermal treat-
ment of milk, ripening time, pH and NaCl concentration, type of packaging, storage
time and temperature. However, many physical-chemical parameters cannot be
easily modified as they are closely related to the fermentation process.

AA availability, an important factor related to BA production, may be difficultly
reduced in dairy products since proteolysis is essential in cheese ripening, and AA
are required for flavour development [75]. This reflection supports the idea that the
control of BA-producing microorganisms by means of adequate milk treatments is
one of the most important factors for BA minimisation in dairy products [76]. This
result could be achieved by means of the application of thermal treatments to
facilitate the dominance of starter bacteria from the early stages of fermentation and
by means of the selection of non-BA producers (these cultures should be able to
outgrow autochthonous microbiota under production conditions in the industry
[58, 66]).

The selection of starters without BA synthesis capability is an important miti-
gation strategy for BA reduction in dairy products. Anyway, it should be noted that
the growing interest in artisanal cheeses is partly due to the uniqueness of such
products, in which specialised microorganisms can grow and contribute to their
organoleptic and qualitative features [59]. However, these dairy products are often
manufactured under poor or uncontrolled hygiene conditions; in addition, they are
produced following different protocols, which can vary from one to another
cheesemaker. Many cheesemakers use raw milk for sensorial reasons (enhanced or
stronger flavour) instead of pasteurised milk, primarily due to greater proteolysis
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and lipolysis by raw milk microbiota in the cheese [77]. These microorganisms play
a major role in the development of the organoleptic characteristics of cheeses.
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Chapter 2

Evolutive Profiles of Caseins

and Degraded Proteins in Industrial
High-Moisture Mozzarella Cheeses.
A Simulative Approach

Abstract This Chapter evaluates the consequences of protein modifications in
cheeses, with special emphasis on mozzarella cheeses. Basic features of modern and
historically relevant cheeses depend on the chemical and physical state of main
components. The palatability and consumeristic acceptance strongly depend on the
flavour and taste features of the fat phase in foods. On the other side, the modifi-
cation of proteins is interesting. With specific reference to caseins, the main
nitrogen-based structure of the final cheese product, many factors influence protein
degradation. Because of the needed bioavailability of free water, the amount of
moisture becomes important enough. Unfortunately, higher moisture contents may
mean lower shelf-life values and enhanced proteolytic degradation. The aim of this
Chapter has been to show analytical results of an emulation study carried out on
different industrial high-moisture mozzarella cheeses during storage. Obtained data
and calculated results seem to suggest that the amount of small molecules increases
globally during time, but demolition is mainly ascribed to medium and large protein
molecules.

Keywords Absorption - Casein - Cow’s milk - CYPEP:2006 - Refrigerated
storage - Low-moisture mozzarella cheese - Moisture - Emulation

Abbreviations

A% Apparent hydric absorption

CYPEP:2006 Cheesemaking Yield and Proteins Estimation according to
Parisi:2006

DP Degraded protein

FC Fat matter

HAC High-absorption casein

HMM High-moisture mozzarella

MC Moisture

MW Molecular weight

PA Protein

SimP Simulated polypeptide
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2.1 Cheese Proteins and Caseins. Chemical Degradation

Cheese is an ideal substrate for amines production, because of the tripartite com-
position of this product and its microbial ecology [1-4]. In fact, each typology of
cheese from goat, cow, or sheep milks is approximately represented with a
three-components formulation concerning moisture content (it is the estimated
water amount in the product), lipids (also named ‘fat matter’), and proteins, with a
minor presence of carbohydrates (residual lactose is the main fraction) and salt
(sodium chloride, calcium salts) [5, 6]. Cheeses may be considered the result of the
dissolution of solid compounds in aqueous media. On the other side, solid com-
pounds—Iipids, proteins, salts, carbohydrates, etc.,—correspond to the solid matter
of cheeses, and are generally defined ‘dry matter’. Fat matter and non-protein
molecules are trapped into a solid matrix made of proteins with various molecular
weights and different spatial arrangements.

The comprehension of cheese structures may be more complicated than the
above-described system because of the nature of proteins in cheeses. These pro-
teins, with variable dimensions and physical-chemical features depending on the
peculiar type of milk (cow milk is the most used raw matter, but other milks can be
considered), should be further subdivided in three categories:

(a) Caseins (with relation to cow milk, four different casein molecules are known
and described)

(b) Lactoglobulins

(¢) Lactoalbumins.

In general, the production of cheeses is based on the precipitation of a ‘caseous’
matrix from the original milk at acid pH values, trapping all other solid substances
with certain molecular weights. This simple descriptions highlights the role of
‘caseins’, while other proteins are not mentioned explicitly [7]. In fact, caseins only
can be modified chemically and physically in this way in synergy with water
(because of the formation of different hydrogen bonds). On the other side, lac-
toalbumins and lactoglobulins cannot coagulate at acid pH values; the result of
initial cheese productions is always the intermediate agglomeration of caseins and
other solid substances (with the exclusion of low-sized molecules) with a consid-
erable water amount. On the other hand, remaining proteins are ‘filtered off” (ac-
tually, expelled) from the new caseous matrix with residual carbohydrates (too low
molecular weights) and different organic or inorganic compounds.

Basic features of modern and historically relevant cheeses depend on the
chemical and physical state of main components: Certainly, the modification of fat
matter after lipolysis and other chemical mechanisms is important by the marketing
and technological viewpoints at least. The palatability and consumeristic acceptance
strongly depend on the flavour and taste features of the fat phase in foods [7]. On
the other side, the modification of proteins may appear more interesting because of
direct and indirect influences on the yield of cheesemaking procedures and the
safety (hygienic profiles) of the final product and the related process.
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With specific reference to caseins, the main nitrogen-based structure of the final
cheese product, many factors influence protein degradation. Generally, these
reactions are ascribed to microbial life forms: proteolytic microorganisms. Because
of the needed bioavailability of free water, the amount of moisture becomes
important enough. When speaking of cheesemaking yields, the higher the moisture,
the higher the resulting weight of recovered curds (and the higher the final quantity
of obtained cheese, with or without ripening).

Unfortunately, higher moisture contents mean also lower shelf-life values and
enhanced proteolytic degradation (with additional demolition of organic molecules
such as residual lactose and lipids). In addition, water absorption may be lowered
depending on the amount of fat matter, the quantitative and qualitative composition
of nitrogen-based molecules (after decomposition of caseins), and the quantity of
cations with peculiar binding properties [8, 9]. On the other side, aqueous amounts
may be overestimated because moisture measures do not concern water only:
actually, ‘moisture’ means all non-solid matters that can be removed under
high-temperature treatments (example: 102 °C) after a defined temporal
period [10].

The study of molecular profiles of nitrogen-based molecules, caseins above all,
is extremely important when speaking of cheeses, in particular packaged products.
The normal detection and quantification of these special molecules is carried out in
the industry (and in official laboratories by means of direct experimental methods.
The main systems are [11, 12]:

(a) The Kjeldahl method This system is widely recognised, applicable to all
possible food products, relatively cheap, and accurate. On the other side, it
measures all organic nitrogen-based molecules, while protein contents might be
overestimated. Moreover, the analytical result concerns only nitrogen (in
grams); the determination of correlated molecules has to be made by conversion
with adequate factors (example for cheeses: 6.25)

(b) The Dumas approach This method is very rapid and it can be performed by
means of automated systems. On the other side, it can be expensive enough. In
addition, it measures all organic nitrogen-based molecules, while protein con-
tents might be overestimated

(c) Infrared spectroscopic systems There are different approaches depending on
the used infrared spectroscopic range. Generally, these procedures are expen-
sive enough and related equipment has to be calibrated.

On the other hand, the proteolysis of caseins in cheeses may be carried out by
means of indirect systems. One of these has been discussed in recent years for a
peculiar typology of cheeses: the ‘Cheesemaking Yield and Proteins Estimation
according to Parisi: 2006’ (CYPEP:2006) method [3]. This system aims to give a
simulated composition of the sampled product on the basis of two parameters only:
moisture (MC) and fat matter (FC).

The aim of this Chapter is to give a description of the proteolysis evolution in
selected cheeses by means of this system. A dedicated study has been carried out
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within a cheesemaking industry of this purpose. However, because of the important
influence of water (moisture) on obtained results, this Chapter discussed only the
proteolysis evolution in high-moisture cheeses only: the chosen category is moz-
zarella cheese obtained by cow milk curd. Other cheeses can be analysed in the
same way: Chaps. 3 and 4 are dedicated to low-moisture and diced mozzarella
cheeses respectively. It should be considered that diced mozzarella cheeses are
normally low-moisture products; however, their moisture content appears to
increase during time. Consequently, their behaviour is peculiar.

Anyway, fat matter and proteins are modified because of a notable number of
chemical and biochemical reactions, in accordance with the First Law of Food
Degradation [13].

2.2 Protein Evolution in High-Moisture Mozzarella
Cheeses Under Refrigerated Conditions

2.2.1 Materials

Nine different productions (lots) of industrial high-moisture mozzarella cheeses
have been sample for this study near a single Producer. These lots have been stored
under refrigerated conditions (temperature: 2 & 2 °C; four 400.0 grams- samples
per lot) and subsequently re-sampled after seven and 14 days of storage.
Consequently, six samples have been obtained for each mozzarella production
(total: 54 samples). All mozzarella cheeses have been found to be
vacuum-packaged with thermosealable films, generally polyamide/polyethylene
plastic matters.

With reference to this study, one single high-moisture mozzarella
(HMM) sample per lot has been named ‘HMM-nnn’ (‘nnn’ is an acronym used for
the representation of the lot) and immediately analysed after 24 h (two samples per
lot, two analyses). The remaining four samples have been named ‘HMM-nnn-x’
(‘x” means seven or 14 days after the production) and analysed after seven and
14 days: consequently, two of them have been presented for analyses after 7 days,
and the remaining cheeses have been analysed after 14 days. As an example, the
third sample group for mozzarella cheeses, lot 010, analysed after 7 days, has been
named ‘HMM-010-7".

All sampled cheeses have been analysed according to the above-mentioned
schedule. MC, FC and proteins (PA) have been evaluated for all sampled products.

2.2.2 Analytical Methods

MC and FC have been obtained with:
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(a) Infrared thermo-gravimetric method, for MC determination;
(b) AFNOR NF V04-287, for fat matter determination.

The most probable amount of proteins (PA) has been indirectly calculated by
means of the CYPEP:2006 indirect method [3, 9]. All results have been calculated
as the average of two data per sample.

2.2.3 Results and Discussion

Table 2.1 shows obtained average data (MC, FC and PA) for sampled cheeses in
function of storage days after the production (1, 7 and 14 days). Obtained data
correspond to the average value of the whole group of samples for MC, FC, pH and
PC respectively.

Substantially, the initial composition of sampled cheeses is variegated enough,
although MC is always in the range 58.4-60.6% 24 h after production. In detail
(Table 2.1):

(1) MC average value is 59.5%

(2) FC value is 19.0%

(3) PA average result, obtained by means of CYPEP:2006, rigorous method, is
17.8%.

After 7 days, analytical data show a little MC augment while FC appear to be
essentially unchanged; PA values seem to decrease (Table 2.1). In particular:

(a) MC increases from 59.5 to 60.8% after 7 days
(b) FC appear to remain constant: 18.7%
(c) PA values seem to tend to the number 14.7% (original result: 18.1%).

Finally, analytical data show a different situation after 14 days (Table 2.1):

(1) MC is 62.1%
(2) FC value appears to be slightly decreased (average result: 17.4%)
(3) PA indirect result is obtained as the average data of MC and FC values, in the

same way of above-mentioned numbers. Interestingly, it appears unchanged:
14.1%.

Table 2.1 Chemical data for HMM samples, average data

Stored high-moisture mozzarella cheeses, refrigerated conditions (average data)

Storage days MC, % FC, % PA, %
1 59.5 19.0 17.8
7 60.8 18.7 14.7
14 62.1 17.4 14.1

MC is for: moisture, FC is for: fat matter, PA represents proteins (the most reliable amount for
proteins, according to CYPEP:2006)
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In general, MC profiles have shown a certain increase: from 59.5 (one day of
storage) to 62.1% (14 days at 2 & 2 °C). On the other hand:

(a) FC decreases from 19.0 to 17.4%
(b) PA values decrease in average (from 18.1 to 14.1%).

Consequently, the most probable amount of proteins in sampled cheeses shows a
certain diminution (—0.9%) during 14 days; however, this decrease could have been
more remarkable if compared with MC amounts (+2.6%). The augment of water in
all samples, measurable as moisture content, can be easily correlated with two
physical-chemical phenomena at least [5, 9]:

(a) The more or less enhanced lipolytic degradation of triglycerides in cheeses,
and/or

(b) The proteolytic degradation of caseins (and the little amount of residual albu-
mins and globulins) in the product.

The result of above-mentioned reactions may give complex situations,
depending on pH, acidity values, storage conditions (high temperatures, sunlight
exposure, etc.), and the involved proteolytic microflora.

The situation of packaged mozzarella cheeses (and other packaged cheeses
unable to expel hydrolysis water from external cheese layers) is complex enough.
The analytical composition obtained by means of CYPEP:2006 shows a tripartite
emulated structure where the sum of MC, FC and PA should not exceed 100%
(actually, the sum should be lower than 100 g per 100 g of sampled product).

On the contrary, examined cheeses show the following results as sum of the
tripartite structure in function of storage days (Table 2.2):

(a) MC + FC + PA after 24 h: 96.3%
(b) MC + FC + PA after 7 days: 94.2%
(¢) MC + FC + PA after 14 days: 93.6%.

Table 2.2 High-absorption casein content, amended high-absorption casein amount, apparent
hydric absorption, the sum of the main three cheese components, and degraded protein values for
HMM samples, average data

Stored high-moisture mozzarella cheeses, refrigerated conditions (average
data)
MC + FC + PA, % HAC, % A% DP HACcogrr, %
Storage days
1 96.3 23.9 134.0 6.1 11.7
7 94.2 24.7 168.2 10.0 4.7
14 93.6 25.0 177.4 10.9 32

MC is for: moisture, FC is for: fat matter, PA represents proteins (the most reliable amount for
proteins, according to CYPEP:2006). HAC is high-absorption protein, A% is apparent hydric
absorption, DP mean ‘degraded proteins’, and HACcorr means ‘amended HAC’. HACcorr
values have been calculated with the Italian patent-pending WISDOM Cheese software [14]
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In other words, the sum of the main components in packaged mozzarella cheeses
seems to decrease after 14 days with 2.7 g ‘lost’ per 100 g (it should be also
mentioned that the labelled shelf-life of these cheeses was 28 days). Consequently, it
could be inferred that the degradation of these cheeses appears be important enough.

Moreover, the chemical structure of proteins is clearly changed during time. The
CYPEP:2006 indirect method can give the simulated composition of these moz-
zarella cheeses including ‘high-absorption casein’ (HAC) amounts, protein con-
tents, and other dissolved matters (salts + residual carbohydrates + organic acids
are the main constituents for this parameter).

A new quantity—apparent hydric absorption (A%)—can be calculated: this
variable means the ratio between absorbed water by HAC and the aqueous content
absorbed by PA. Substantially, A% represents the excessive aqueous absorption in
cheeses mainly ascribed to proteins. HAC is a theoretical casein molecule with
molecular weight (MW): 22,296 Da without the original glycomacropeptide frac-
tion, which is removed in the initial stages of curd production actually representing
the average weight of four different casein species in cow’s milk. HAC may be
apparently higher than the real PA content in cheeses; consequently, it is an
apparent quantity and could be amended if needed [8, 14]. Anyway, HAC repre-
sents all caseins able to absorb water ‘at the maximum level’ [3, 8]. As a result, it
should be considered that HAC and A% values in examined cheeses are different
enough between 1 and 14 days (Table 2.2):

(a) HAC and A% after 24 h: 23.9 and 134.0% respectively
(b) HAC and A% after 7 days: 24.7 and 168.2% respectively
(¢) HAC and A% after 14 days: 25.0 and 177.4% respectively.

In other words, HAC content seems to grow up during time, while the meaning
of A% clearly suggest that the apparent absorption ascribed to HAC is increased if
compared with the moisture amount really inglobated in the caseous matrix.

Actually, HAC can increase during time on condition that A% < 100 only. The
right approach to this problem is to consider that a remarkable fraction of hydrolysis
water (and dissolved gaseous substances) cannot be expelled from packaged
cheeses; caseins could mainly absorb this quantity on condition that these proteins
are the only molecules able to absorb water. Naturally, this conventional assertion
should be demonstrated, but water molecules in packaged cheeses can also remain
‘free’ (without chemical bounds such as hydrogen bonds) and consequently favour
protein degradation [8].

As aresult, A% may be also used as a number expressing the ratio between HAC
amount in the sampled cheese (based on moisture and fat matter data) and the real
PA quantity. According to CYPEP:2006 method (rigorous version), A% = 100
means that HAC = PA in packaged cheeses because:

(a) Water absorbed by HAC is equal to the aqueous content absorbed by PA, and
(b) HAC is conventionally defined able to absorb 100% of the total aqueous content
until a theoretical limit equal to 3.1 kg of water per kilogram of HAC [3, 9].
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Actually, A% can exceed 100% because a certain amount of water can be found
in cheeses without stable hydrogen bonds with protein molecules; as a result, this
‘free’ water is not considered when speaking of A % < 100 [9].

On these bases:

(1) A % values > 100 mean that a certain amount of water is not absorbed by
caseins and proteins; at the same time, the difference ‘(A%—100)/100" may be
assumed as the percentage of degraded PA proteins (DP) with MW between 0
and 22,296 Da (Eq. 2.1). On the other side, the remaining amount is equal to
the amended and reliable HAC able to absorb water ‘at the maximum level’,
also defined HACcorr (Eq. 2.2):

(A% — 100)

DP = PA
100

(2.1)

HACcorg = PA — DP (2.2)

(2) A% values < 100 means that water absorbed by HAC is lower than the total
water absorbed by proteins. Consequently, PA are low-absorption proteins if
compared with HAC: substantially, they correspond to the sum
‘HAC + p-HAC’ where ‘para-high-absorption casein’ (p-HAC) represents
caseins with molecular weight > 22,296 Da. This p-HAC corresponds to the
hypothetical HAC without the original glycomacropeptide fraction, which is
removed in the initial stages of curd production, but it is not able to absorb
notable water amounts [9]. p-HAC is present in the original cheese but is not
able to absorb water ‘at the maximum level’; it can only evolve towards HAC.
At this stage, HAC is not proteolysed; there is no necessity of calculating HAC
amended amounts.

With relation to packaged cheeses, A% apparently increases (hydrolysis water
cannot be expelled and analytically eliminated) and the general trend is always the
augment of A% and apparent HAC. Consequently, HACcorr and DP have to be
calculated if needed (Eq. 2.1 and 2.2; Table 2.2) and possibly displayed with PA vs
time (Fig. 2.1). HACcorr values have been calculated with the Italian
patent-pending WISDOM Cheese software [14]. In general, DP appears to augment
between 1 and 14 days (initial value: 6.1%; after 7 days, 10.0%; after 14 days,
10.9%) as the consequence of hydrolysis and apparent A% increase, while
HACorr decreases: initial value: 11.7%; after 7 days, 4.7%; after 14 days, 3.2%).

This theoretical approach has to be evaluated carefully because of the involved
hypotheses: more research is needed. However, an interesting development of the
simulated calculation concerns more degraded proteins, and polypeptides in par-
ticular. Scientific literature reports that one of the main amino acids found in caseins
is lysine [15] with MW 146.19 Da. Substantially, a polypeptide with 15 lysine units
could be hypothesised for simulation purposes and named ‘simulated polypeptide’
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Fig. 2.1 Protein amount, degraded protein content and amended high-absorption casein in
industrial high-moisture mozzarella cheeses stored under refrigerated conditions (average data)
versus time (days). PA represents proteins (the most reliable amount for proteins, according to
CYPEP:2006); HAC is high-absorption protein and DP mean ‘degraded proteins’. Amended HAC
(also named HACcorr) values have been calculated with the Italian patent-pending WISDOM
Cheese software [14]

(SimP), with MW = 2192.85 Da (very close to 2223 Da). This amount might be
calculated and the related evolution could be expressed versus time.

On these bases, should the DP amount be considered for each experiment and
subdivided mathematically in ten different intervals with MW of 2223 Da (the
HAC MW is 22,296 Da; the interval between 0 and 22,296 Da can be subdivided
in ten 2223 Da- intervals), the related probable amount could be simulated on
condition that:

(a) DP amount is considered as the sum of ten different quantities in the following
way:

i=10
DP = "DP; = DP, +DP,+DP3 + ...+ DPy (2.3)

i=1

where DP; is the DP amount for the 0-2223 Da- interval, DP, is the DP amount for
the 2224-4460 Da- interval, ... and DPy, corresponds to the DP amount for the
final amount excluding HAC
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(b) Each DP; quantity is obtained as the sum of ‘i’ fractions (F) obtained by means
of Eq. 2.4:

e__DP__ pP _ DP 24
S0 (142434+4+5+6+7+8+9+10) 55 '

Consequently, should DP amount be equal to a, the following results could be
calculated:

e F = DP/55 = a/55

e DP, =1 x F=al55
e DP, =2 x F=2a/55
e DP; =3 x F=3a/55
[ )

e DPy= 10 x F = 10a/55

This simulated approach can be used with the aim of displaying the theoretical
degradation of PA (original HAC) during time. Figure 2.2 shows the situation for
cheeses samples after 24 h, while Fig. 2.3 and 2.4 concern cheeses after seven and
14 days respectively.

Finally, the simulated low-MW-polypeptide, SimP, may be estimated (Fig. 2.2,
2.3 and 2.4): it would correspond to the first interval between 0 and 2223 Da,
including all nitrogen-based organic molecules derived from proteolytic reactions in

Fraction content, %
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22285 22296 Da

Fig. 2.2 The theoretical degradation of proteins (original HAC) in industrial high-moisture
mozzarella (HMM) cheeses samples (0—4 °C) after 24 hours-storage. The lowest molecular weight
interval (between 0 and 2223 Da) corresponds to the simulated low-MW-polypeptide, SimP, may
be estimated and shown: it would correspond to the first interval representing all molecules in this
range. Amended HAC (also named HACcorr) values have been calculated with the Italian
patent-pending WISDOM Cheese software [14]
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Fig. 2.3 The theoretical degradation of proteins (original HAC) in industrial high-moisture
mozzarella (HMM) cheeses samples (0—4 °C) after 7 days of storage. The lowest molecular weight
interval (between 0 and 2223 Da) corresponds to the simulated low-MW-polypeptide, SimP, may
be estimated and shown: it would correspond to the first interval representing all molecules in this
range. Amended HAC (also named HACcorr) values have been calculated with the Italian

patent-pending WISDOM Cheese software [14]
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Fig. 2.4 The theoretical degradation of proteins (original HAC) in industrial high-moisture
mozzarella (HMM) cheeses samples (0—4 °C) after 14 days of storage. The lowest molecular
weight interval (between 0 and 2223 Da) corresponds to the simulated low-MW-polypeptide,
SimP, may be estimated and shown: it would correspond to the first interval representing all

molecules in this range. Amended HAC (also named HACcorg) values have been calculated with
the Italian patent-pending WISDOM Cheese software [14]

this range. The emulated proteolysis is clear enough but SimP values decreased
from 0.2% after 24 h to 0.09% after 7 days and 0.06% after 14 days. Substantially,
the amount of small molecules increases globally during time, but demolition is

mainly ascribed to medium and large protein molecules (high MW); in addition, PA
decrease during time, and SimP is a protein fraction.
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2.3 Conclusions

Obtained data may be interesting when speaking of high-moisture mozzarella
cheeses. However, the simulation can obtain different results in other mozzarella
cheeses. Chapters 3 and 4 are dedicated to low-moisture and diced mozzarella
cheeses, respectively, and the same simulative approach may give different results.
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Chapter 3

Evolutive Profiles of Caseins

and Degraded Proteins in Industrial
Low-Moisture Mozzarella Cheeses.
A Simulative Approach

Abstract Mozzarella cheeses are high-perishable products if compared with other
cheese typologies. One of the main reasons for lower shelf-life values in this ambit
is related to protein modifications. Basic features of modern and historically rele-
vant cheeses depend on the chemical and physical state of main components; the
modification of proteins should be taken into account. With specific reference to
caseins, the main nitrogen-based structure of the final cheese product, many factors
influence protein degradation. Because of the needed bioavailability of free water,
the amount of moisture becomes important enough. The aim of this Chapter has
been to show analytical results of an emulation study carried out on different
industrial low-moisture mozzarella cheeses during storage. Obtained data and the
comparison with high-moisture mozzarella cheeses (Chap. 2) appear to suggest that
emulated low-speed proteolysis is not important enough in low-moisture products.

Keywords Casein - Cow’s milk - CYPEP:2006 - Refrigerated storage
Low-moisture mozzarella cheese - Moisture - Emulation

Abbreviations

A% Apparent hydric absorption

CYPEP:2006 Cheesemaking Yield and Proteins Estimation according to
Parisi:2006

DP Degraded protein

FC Fat matter

HAC High-absorption casein

HACcorr High-absorption residual casein

HMM High-moisture mozzarella

LMM Low-moisture mozzarella

MC Moisture

MW Molecular weight

PA Protein

SimP Simulated polypeptide
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3.1 Degraded Cheese Proteins and Caseins.
The Role of Moisture

Cheese is substantially a tripartite matrix composed of water (determined as
‘moisture content’, lipids (also named ‘fat matter’), and proteins, with a residual
presence of carbohydrates and salt (Sect. 2.1) [1, 2]. Water is the reason which
cheeses may be considered solid solutions because of abundant water contents.
With relation to positive features of food products, high moisture contents may
mean low durability and enhanced microbial activity with consequent degradation:
lipids and proteins are mainly attacked and destroyed).

With relation to proteins in cheeses—caseins above all (Sect. 2.1) related
degradation phenomena may appear more interesting because of direct and indirect
influences on cheesemaking yields and safety profiles (Sect. 2.1). On the other side,
similar degradations are expected during time, in accordance with the Parisi’s First
Law of Food Degradation [3].

The study of molecular profiles of nitrogen-based molecules, caseins above all,
in cheeses may be performed by means of direct and indirect methods, including the
‘Cheesemaking Yield and Proteins Estimation according to Parisi: 2006’
(CYPEP:2006) method [4]. This system aims to give a simulated composition of
the sampled product on the basis of two parameters only moisture (MC) and fat
matter (FC).

The aim of this Chapter is to give a description of the proteolysis evolution in
low-moisture mozzarella cheeses by means of this system. A dedicated study has
been carried out within a cheesemaking industry of this purpose with relation to this
typology and two other products: high-moisture and diced mozzarella cheeses
(related results are discussed in Chaps. 2 and 4 respectively). Because of the
important influence of water (moisture) on obtained results, this Chapter discussed
only the proteolysis evolution in low-moisture cheeses only: the chosen category is
mozzarella cheese obtained by cow milk curd [4].

3.2 Protein Evolution in Low-Moisture Mozzarella
Cheeses Under Refrigerated Conditions

3.2.1 Materials

Nine different productions (lots) of industrial low-moisture mozzarella cheeses have
been sampled for this study near a single Producer. These lots have been stored
under refrigerated conditions (temperature: 2 £ 2°C; four 400.0 g- samples per lot)
and subsequently re-sampled after 7 and 14 days of storage. As a consequence, Six
samples have been obtained for each mozzarella production (total: 54 samples). All
mozzarella cheeses have been found to be vacuum packaged with thermosealable
films, generally polyamide/polyethylene plastic matters.
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With reference to this study, one single high-moisture mozzarella (LMM) sample
per lot has been named ‘LMM-nnn’ (‘nnn’ is an acronym used for the representation
of the lot) and immediately analysed after 24 h (two samples per lot, two analyses).
The remaining four samples have been named ‘LMM-nnn-x’ (‘x’ means 7 or
14 days after the production) and analysed after 7 and 14 days: consequently, two of
them have been presented for analyses after 7 days, and the remaining cheeses have
been analysed after 14 days. As an example, the third sample group for mozzarella
cheeses, lot 010, analysed after 7 days, has been named ‘LMM-010-7".

All sampled cheeses have been analysed according to the above-mentioned
schedule (this procedure has also be explained in Chap. 2). MC, FC, and proteins
(PA) have been evaluated for all sampled products.

3.2.2 Analytical Methods

MC and FC have been obtained with:

(a) Infrared thermo-gravimetric method, for MC determination;
(b) AFNOR NF V04-287, for fat matter determination.

The most probable amount of proteins (PA) has been indirectly calculated by
means of the CYPEP:2006 indirect method [4, 5]. All results have been obtained as
the average of two data per sample.

3.2.3 Results and Discussion

Table 3.1 shows obtained average data (MC, FC and PA) for sampled cheeses in
function of storage days after the production (1, 7, and 14 days). Obtained data
correspond to the average value of the whole group of samples for MC, FC, pH and
PC respectively.

Substantially, the initial composition of sampled cheeses is variegated enough,
although MC is always in the range 54.2-56.6% 24 h after production. In detail
(Table 3.1):

1. MC average value is 55.4%
2. FC value is 18.3%

Table 3.1 Chemical data for

Stored high-moisture mozzarella cheeses, refrigerated
LMM samples, average data.

conditions (average data)

MC is for: moisture, FC is for:

fat matter, PA represents Storage days MC, % FC, % PA, %
proteins (the most reliable 1 55.4 18.3 21.9
amount for proteins, 7 56.2 18.1 21.6
according to CYPEP:2006) 14 57.0 17.7 21.4
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3. PA average result, obtained by means of CYPEP:2006, rigorous method, is
21.9%.

After 7 days, analytical data show a little MC augment while FC appear to be
essentially unchanged; PA values seem to decrease slightly (Table 3.1). In particular:

a) MC increases from 55.4 to 56.2% after 7 days
b) FC appear to remain constant: 18.1%
a) PA values seem to tend to the number 21.6% (original result: 21.9%).

Finally, analytical data show a different situation after 14 days (Table 3.1):

. MC is 57.0%

. FC value appears to be slightly decreased (average result: 17.7%)

3. PA indirect result is obtained as the average data of MC and FC values, in the
same way of above-mentioned numbers. Interestingly, it is 21.4%.

N =

In general, MC profiles have shown a certain increase: from 55.4 (one day of
storage) to 57.0% (14 days at 2 & 2°C). On the other hand:

a) FC decreases from 18.3 to 17.7%
b) PA values decrease in average (from 21.9 to 21.4%).

Consequently, the most probable amount of proteins in sampled LMM shows a
little diminution (—0.5%) during 14 days.

The analytical composition obtained by means of CYPEP:2006 shows a tri-
partite emulated structure where the sum of MC, FC and PA should not exceed
100% (actually, the sum should be lower than 100 g per 100 g of sampled product).
On the contrary, examined cheeses show the following results as sum of the tri-
partite structure in function of storage days (Table 3.2):

(a) MC + FC + PA after 24 h: 95.6%
(b) MC + FC + PA after 7 days: 95.9%
(¢) MC + FC + PA after 14 days: 96.1%.

Table 3.2 High-absorption casein content, amended high-absorption casein amount, apparent
hydric absorption, the sum of the main three cheese components, and degraded protein values for
LMM samples, average data

Stored high-moisture mozzarella cheeses, refrigerated conditions (average
data)
MC + FC + PA, % HAC, % A% DP HACcorr, %
Storage days
1 95.6 21.1 96.0 - -
7 95.9 21.4 99.0 - -
14 96.1 21.7 101.2 0.3 21.1

MC is for: moisture, FC is for: fat matter, PA represents proteins (the most reliable amount for
proteins, according to CYPEP:2006). HAC is high-absorption protein, A% is apparent hydric
absorption, DP mean ‘degraded proteins’, and HACcorr means ‘amended HAC’. HACcorr
values have been calculated with the Italian patent-pending WISDOM Cheese software [6]
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In other words, the sum of the main components in packaged LMM seems to
increase after 14 days (augment: + 0.5%). On the other side, HMM cheeses show a
different behaviour (Sect. 2.2.3).

The CYPEP:2006 indirect method can give the simulated composition of these
mozzarella cheeses including ‘high-absorption casein’ (HAC) amounts, protein
contents, and other dissolved matters (salts + residual carbohydrates + organic
acids are the main constituents for this parameter).

A new quantity—apparent hydric absorption (A%)—can be calculated
(Sect. 2.2.3). With relation to HAC and A% values, the situation in LMM samples
is shown in Table 3.2):

(a) HAC and A% after 24 h: 21.1 and 96.0% respectively
(b) HAC and A% after 7 days: 21.4 and 99.0% respectively
(¢) HAC and A% after 14 days: 21.7 and 101.2% respectively.

In other words, HAC content seems to grow up during time, while the meaning
of A% clearly suggest that the apparent absorption ascribed to HAC is increased if
compared with the moisture amount really inglobated in the caseous matrix. This
situation seems similar to the behaviour of high-moisture mozzarella
(HMM) cheeses. Based on the approach suggested in Sect. 2.2.3, two different
situations occur when speaking of LMM cheeses (Table 3.2):

(a) A% is constantly < 100 but increases between 1 and 7 days. HAC is 21.1%
after 24 h and 21.4 after 7 days

(b) A% is > 100 after 14 days; as a result, DP is 0.3% and HAC has to be
re-calculated as HACcorr (Egs. 2.1 and 2.2 have been used, Sect. 2.2.3). In
our situation, HACcogrr is 21.1.

Consequently, HACcorr and DP have been calculated if A% > 100 (Table 3.2).
In general, DP value increases only between seven and 14 days as the consequence
of hydrolysis and apparent A% increase, while HAC or HACcorr values decrease.

After 14 days, the degradation of proteins could be also estimated by means of
the ‘simulated polypeptide’ (SimP, Sect. 2.2.3). With relation to LMM cheeses,
SimP is negligible: < 0.1% after 14 days (Fig. 3.1). In other terms, the emulated
proteolysis is not important enough in these conditions.
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Fig. 3.1 The theoretical degradation of proteins (original HAC) in industrial high-moisture
mozzarella (HMM) cheese samples (0—4°C) after 14 days of storage. The lowest molecular weight
interval (between 0 and 2223 Da) corresponds to the simulated low-MW-polypeptide, SimP, could
be estimated: it would correspond to the first interval representing all molecules in this range.
Amended HAC (also named HACcogrr) values have been calculated with the Italian
patent-pending WISDOM Cheese software [6]

3.3 Conclusions

LMM cheeses show a low-speed proteolysis if compared with HMM samples, as
shown by SimP, HAC and DP data. The comparison with results related to diced
mozzarella cheeses (Chap. 4) might give different results.
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Chapter 4

Evolutive Profiles of Caseins

and Degraded Proteins in Industrial Diced
Mozzarella Cheeses. A Simulative
Approach

Abstract Cheese is substantially a tripartite matrix composed of water, fat matter
and proteins, with a residual presence of carbohydrates and salt. Water is the reason
which cheeses may be considered solid solutions because of abundant water con-
tents. With relation to positive features of food products, high moisture contents
may mean low durability and enhanced microbial activity with consequent degra-
dation. Mechanical processing and related operations may be detrimental when
speaking of food integrity, texture and positive properties: surely, operations such
as cutting can diminish food durability, in accordance with Parisi’s Second Law of
Food Degradation. The aim of this Chapter has been to show analytical results of an
emulation study carried out on different industrial sliced mozzarella cheeses during
storage. Obtained data and comparisons with other high- and low-moisture moz-
zarella cheeses have shown that sliced cheeses show a very low-speed proteolysis.
On the other hand, comparisons between perishable cheeses and these diced
products can be questionable because of important differences such as dissimilar
cheese surfaces (higher superficial areas in sliced products if compared with ‘entire’
cheeses).

Keywords Casein - CYPEP:2006 - Emulation - Modified atmosphere packaging -
Moisture - Refrigerated storage - Sliced mozzarella cheese

Abbreviations

A% Apparent hydric absorption

CYPEP:2006 Cheesemaking Yield and Proteins Estimation according to
Parisi:2006

DP Degraded protein

FC Fat matter

HAC High-absorption casein

HACcorr High-absorption residual casein

HMM High-moisture mozzarella

LMM Low-moisture mozzarella

MC Moisture

MW Molecular weight
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PA Protein
SimP Simulated polypeptide

4.1 Degraded Cheese Proteins and Caseins.
The Role of Food Processing

Cheese is substantially a tripartite matrix composed of water (determined as
‘moisture content’, lipids (also named ‘fat matter’) and proteins, with a residual
presence of carbohydrates and salt (Sect. 2.1) [1, 2]. Water is the reason which
cheeses may be considered solid solutions because of abundant water contents.
With relation to positive features of food products, high moisture contents may
mean low durability and enhanced microbial activity with consequent degradation:
lipids and proteins are mainly attacked and destroyed).

Mechanical processing and related operations may be detrimental when speaking
of food integrity, texture, and positive properties. Sometimes, they can be desirable.
However, mechanical processes such as cutting can diminish food durability, in
accordance with Parisi’s Second Law of Food Degradation [3].

For this reason, diced cheeses such as sliced mozzarella (SM) cheeses can show
lower shelf-life values even in peculiar conditions such as modified atmosphere
packaging. Anyway, the degradation of proteins may be studied in these cheeses
also by means of direct and indirect methods, including the ‘Cheesemaking Yield
and Proteins Estimation according to Parisi: 2006’ (CYPEP:2006) method [4]. This
system aims to give a simulated composition of the sampled product on the basis of
two parameters only: moisture (MC) and fat matter (FC).

The aim of this chapter is to give a description of the proteolysis evolution in SM
cheeses by means of this system. A dedicated study has been carried out within a
cheesemaking industry of this purpose with relation to this typology and two other
products: high-moisture and low-moisture mozzarella (HMM and LMM) cheeses
(related results are discussed in Chaps. 2 and 3, respectively). Because of the
important influence of water (moisture) on obtained results, this Chapter discussed
only the proteolysis evolution in SM cheeses only: the chosen category is moz-
zarella cheese obtained by cow milk curd [4, 5].

4.2 Protein Evolution in Sliced Mozzarella
Cheeses Under Refrigerated Conditions

4.2.1 Materials

Five different productions (lots) of industrial SM cheeses have been sampled for
this study near a single producer. These lots have been stored under refrigerated



4.2  Protein Evolution in Sliced ... 39

conditions (temperature: 2 £ 2 °C; four 2500 g- samples per lot) and subsequently
re-sampled after seven and 14 days of storage. Therefore, six samples have been
obtained for each mozzarella production (total: 30 samples). All mozzarella cheeses
have been packaged under modified atmosphere (gas composition: carbon
dioxide/nitrogen 50:50) with thermosealed films and plastic boxes.

With reference to this study, one single SM sample per lot has been named
‘SM-nnn’ (‘nnn’ is an acronym used for the representation of the lot) and imme-
diately analysed after 24 h (two samples per lot, two analyses). The remaining four
samples have been named ‘SM-nnn-x’ (‘x’ means seven or 14 days after the pro-
duction) and analysed after seven and 14 days: consequently, two of them have
been presented for analyses after 7 days, and the remaining cheeses have been
analysed after 14 days. As an example, the third sample group for mozzarella
cheeses, lot 010, analysed after 7 days, has been named ‘SM-010-7".

All sampled cheeses have been analysed according to the above-mentioned
schedule (this procedure has also be explained in Chap. 2). MC, FC, and proteins
(PA) have been evaluated for all sampled products.

4.2.2 Analytical Methods

MC and FC have been obtained with:

(a) Infrared thermogravimetric method, for MC determination;
(b) AFNOR NF V04-287, for fat matter determination.

The most probable amount of proteins (PA) has been indirectly calculated by
means of the CYPEP:2006 indirect method [4, 6]. All results have been obtained as
the average of two data per sample.

4.2.3 Results and Discussion

Table 4.1 shows obtained average data (MC, FC, and PA) for sampled cheeses in
function of storage days after the production (one, seven and 14 days). Obtained
data correspond to the average value of the whole group of samples for MC, FC, pH
and PC, respectively.

Table 4.1 Chemical data for SM samples, average data

Stored high-moisture mozzarella cheeses, refrigerated conditions (average data)

Storage days MC (%) FC (%) PA (%)
1 453 23.5 26.3
7 46.2 22.5 26.3
14 47.2 21.0 26.7

MC is for: moisture, FC is for: fat matter, PA represents proteins (the most reliable amount for
proteins, according to CYPEP:2006)
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Substantially, the initial composition of sampled cheeses is similar enough. MC
is always in the range 44.0-46.6% (24 h after production). In detail (Table 4.1):

1. MC average value is 45.3%

2. FC value is 23.5%

3. PA average result, obtained by means of CYPEP:2006, rigorous method, is
26.3%.

After 7 days, analytical data show a little MC augment while FC appears to be
essentially unchanged; PA values seem to decrease slightly (Table 4.1). In
particular:

(a) MC increases from 45.3 to 46.2% after 7 days
(b) FCis 22.5%
(c) PA values seem to be constant: 26.3.

Finally, analytical data show a different situation after 14 days (Table 4.1):

1. MC is 47.2%

2. FC value appears to be decreased (average result: 21.0%)

3. PA indirect result is obtained as the average data of MC and FC values, in the
same way of above-mentioned numbers. Interestingly, it is 26.7%.

In general, MC profiles have shown a certain increase. On the other hand:

(a) FC decreases from 23.5 to 21.0%
(b) PA values increase in average (from 26.3 to 26.7%).

Consequently, the most probable amount of proteins in sampled SM shows a
little augment (+0.4%) during 14 days.

The CYPEP:2006 indirect method can give the simulated composition of SM
cheeses including ‘high-absorption casein’ (HAC) amounts, protein contents and
other dissolved matters (salts + residual carbohydrates + organic acids are the main
constituents for this parameter). A new quantity—apparent hydric absorption (A%)
—can be calculated (Sect. 2.2.3). Consequently, the following data have been
obtained:

(a) HAC and A% after 24 h: 18.3 and 69.3%, respectively
(b) HAC and A% after 7 days: 18.4 and 69.7%, respectively
(¢) HAC and A% after 14 days: 18.4 and 68.9%, respectively.

In other words, HAC and A% appear substantially constant between 1 and 14 days
under refrigerated conditions. HAC is only 69-70% of the total amount of PA in
cheeses; on the other hand, the ‘para-high-absorption casein’ (p-HAC), representing
caseins with molecular weight > 22,296 Da, is constantly lower than 30% of PA. This
p-HAC corresponds to the hypothetical HAC without the original glycomacropeptide
fraction, which is removed in the initial stages of curd production [7]. p-HAC is
present in the original cheese but is not able to absorb water ‘at the maximum level’; it
can only evolve towards HAC. At this stage, HAC is not proteolysed.
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Consequently, SM cheese shows a certain modification of several chemical
parameters, MC above all, but packaging conditions and related initial MC values
do not allow observing a remarkable proteolysis. In other words, HAC does not
appear degraded sufficiently (A% < 100). On the other hand, it should be noted that
FC contents constantly decrease due to the probable lipolysis and emersion out of
mozzarella slices [8]. As a result, this study does not appear a good test when
speaking of comparison between partially proteolysed cheeses.

4.3 Conclusions

SM cheeses show a very low-speed proteolysis if compared with HMM and LMM
samples, as shown by HAC and PA data. The comparison cannot be satisfactory
because sliced cheeses are certainly high-surface products and consequently
exposed to increased oxidative phenomena; on the other hand, modified atmosphere
packaging methods act well when speaking of durability enhancement. Therefore,
comparisons between perishable cheeses and these diced products can be difficult.
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