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SUMMARY

Biogenic amines and their precursor aming acids were determined simultaneously, using an ion-
pair HPLC in the dtalian PO cheeses. produced in Piedmont region. The cheeses analysed
were Gorgonzola, Toma Piemontese. Castelmagno. Raschera. Bra and Murazzuno.

Among free precursor amino acids, phenylalanine showed a constant and significant increase in
al! cheeses analysed (up 10 2000 mg/Kg in Gorgonzola). this amino acid could be considered as
an uscful ripening marker. Changes in the concentration of four biogenic amines were
determined. showing the presence of histamine and tyramine in long-ripened cheeses (up o a
total concentration of 145 mg/Kg in Toma Piemontese, 313 mg/Ke in Castelmagno and 120
mg/k.g in Gorgonzofa) and in Murazzano cheese (266 mg/Kg in the type produced using pure
ovine milk). However. the presence of biogenic amines in good ripened cheeses was not directly
correlated with high precursor amino acids concemration. Gorgonzola showed high tree amino
acids concentration {up to 2000 mg/Kg) probably bevause the very high proteolylic activity of
Penicillium rogueforti, bul the correlation of 1otal biogenic amines was hmited.

INTRODUCTION

Biogenic amines are arganic bases formed because of normal metabolic activity in emicro
organisms. Various fermented and seasoned foods as cheese. saucrkraut. wine. beer, fish, and
meat producls may contain biogenic amines [1]. Biogenic amines are vasoactive andior
psy choactive compounds, these compounds are particularly referred 1o the so-calied “cheese
renction™. A content of 500 mg Kg™* of total biogenic amines in food is considered critical.
The tundamental parameters dircetly related to the aceumulation of biogenic amimes in cheese
are: '

- general hygicnic conditions during industrialiartisan cheese making:

- decarboxy fating activily of some staner and non-starter bacterial strams.
For this reason. amines are considercd a potential marker for the control of hy gienic conditions
during cheese production. The formation of biogenic amines in cheese is enhanced by
temperature (mainly iF >18°C). pH>3 and low salt content. Also the ripening and storage
temperatures are other imponant parumeters.
The formation of some biogenic amines (histamine, tyramine, iryptamine. and 2-
phenylethylamine) and their related precursor amino acids (histidine. tyrasine. try ptophan and
phenylalanine) has been studied in ltalian PDO chieeses. produced in Piedmont region.
The analysed cheeses are all classified with the PDO label: Gorgonzola. Toma Piemontese,
Castelmagne. Raschera. Bra and Murazzano: the principal characteristics of these cheeses are
listed in Table L.
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Table L. Principal characteristics of the Piedmont PDO cheeses analysed in this study.

Cheese Milk used Minimum | Profein Fat Ashes Micro organisms
davs of {% drv (% dry (%6 dry v fved in cheese
rigening mcier) | muatter) | matter) miaking
CGorgonzola Cow 50 377 57.0 n.d Penicillivm rogqueforii
Castelmagno Cow 60 378 509 5.6 Spontaneous fungal
flora, unidentified
Toma Ficm. Cow &0 38.3 519 56 Lactic bacteria
Bra Cow 45 40.2 50.3 5.7 [.actic bacteria
Raschera Cow 30 186 50.4 6.4 [ actic bacteria
Murazzano Sheep/Cow fresh 41,6 52.3 5.5 i.actic bacleria
Murazzano™ Sheep fresh 34,8 583 4.0 Lactic bactenia
EXPERIMENTAL
Cheese Sampling

Samplés of cheeses were manufactured in a commercial scale in industrial plam or in
cooperatives. according 10 the standard protocols reported in PDO regulations. These samples
were kindly supplied from “Associazione Produtteri Latte Piemonte™. The samples were taken
at different days of ripening, following the standard protocols. A total representative sample of
100 g was obtained by grating and homogenising the pieces collected from whole cheese: each
sample was then analysed, avoiding any loss of motsture.

Compositional Analysis

Cheese moisture, ash and fat were determined according 10 the [talian Official Methods for
Cheese analysis [2]. Total nitrogen value was determined by the Kjeldahl method {3] using the
Kjellee system (Tecator, Sweden). protein was calculated using the conversion factor 6.38.
Total fat was determined using the Soxhlet apparatus with dichloromethane for 14 hours.
Hiogenic amines (tyramine, histamine, tryptamine and 2-phenylethylamine) and their precursor
amino acids were determined using an ion-pair HPLC method previously oplimised for
Gorgonzola PDO cheese [4]. Experiments were carried out on an Shimadzu Class VI* HPLC
system. equipped with a temperature controller (Column Oven CTO-10AS) and a UV-¥1S§
detector SPD-10A. using a ODS 2 column, (4.6 1.D.. 250 mm length, Waters). Each sample (10
g) was extracted with 30 ml of trichloroacetic acid (5%, wiv). All chemical reagents (reagent
grade) were purchased from Fluka Chemie AG.

RESULTS AND DISCUSSION
Biogenic amings and amino acids were determined using a method optimised for cheeses [4].

Table 2. Biogenic amines and related precursor aming acids in Gorgonzola PDO during
ripening (mg kg''; mean + S.D).

Gorgonzota byrosing histidine phenylalanine | tryptophan tyramime histamine
samplcs
0 davs 12 0412 5841 4312 - -
23 days 99+8 34+0 10542 32+l 60 340
53 davs 3433 160+ 1 205+2 108+9 Sx1 4k4
0 dax s T43x13 296x1 491+3 2212 28+6 49+3
B2 duys 207244 8043 1190£62 640 1 266 §2+|
L0 days 32122115 15813 188215 1464+3 3342 53210
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Table 3. Biogenic amines and related precursor amino acids in Castelmagno PDO during
ripening (mg kg''; mean £ S.D}.

Castelmagno | tyrosine histidine phenylalanine | iryptophan 1yTamine histamine

samples

7 days 82+7 241 [48£16 2442 130 20+3
28 days 111 19+£2 193+21 2952 2382 30+1
42 days 163£11 12£2 334x27 53%6 391 432
62 days 2613 l6+] 55444 82£22 214 T8+2
77 days 23318 94+34 712+126 13331 123432 9217
S0 days 458+2 157£3 890£17 13941 183+5 1121
155 davs 36121495 1331£20 2G18+64 1386+23 199£7 495:18

All cheeses showed a significant increase in free amino acids during ripening (Tables 2-7) as
reported for other cheeses [3]. The concentration of each amino acid exceeded 1000 mg/kg only
in the cheese with longer ripening. in the presence of a massive fungal growth. In another PDO
cheese produced in Piedmont (Robiola di Roccaverano) the amount of cach amino acid was <29
mg/K g this is a fresh cheese, produced without ripening [6].

Among free precursor amino acids, phenylalanine is the principal amino acid in all samples of
Toma Picmontese. Bra. Raschera. Murazzano and in some Castelmagne samples. Tyrosine was
the amino acid prevaknt in all Gorgonzela samples and in the sample of Castelmagno at 155
days of ripening. showing a possible correlation with fungal growth.

Phenylalanine showed a constant and significant increase in all cheeses analysed (up to 1880
mg/Kpg in Gorgonzola and 2900 mg/Kg in Castelmagno}; this amino acid could be considered as
a good ripening marker. Apparently, decarboxylation of pheny lalanine did not occur. in contrast
to tyrosine and histidine. for the absence of phenylalanine-decarboxylating bacterial strains: the
formation of 2-phenylethylamine, if present. could be related to the action of other enzymes. for
example [vrosine-decarboxylase, that has shown a slight activily towards phenylalanine, amino
acid structurally-retated to tyrosine. Also this amino acid could be considered an uselul ripening
marker.

Table 4. Biogenic amines and related precursor amino acids in Toma Piemontese PDO
during ripening (mg kg™'; mean + S.D of two different batches) 7).

Tema Piem. tyrosine histidine phemytalanine | tryptophan Lyramine histarung

samples

4 days 8539 24+1 58140 943 r -

19 days 170+23 55220 295227 182 101 12+
29 davs 141323 08+49 333433 1644 264 I4£3
30 dns 1804235 1{18+31 43942 21+6 348 3]
49 davs 188£23 96£56 304+60 29=9 614 22:9
&1 dass 254423 25394 0936 5721 108+46 37+9

Table 5. Biogenic amines and related precursor amine acids in Bra PDO during ripening
(mg kg'; mean £ S.D).

Bra samplcs T rosine histidine phenylalanine iy plophan vraming histamine
0 davs Q08 233 Q5+0) -4 -
0 davs 16524 18+4 234430 [8=2 - i3
20 duys 3403 24412 54342 372 - H+0
27 davs 369115 Liax14 fid+21 37£5 - Tzl
57 davs 333120 45618 633133 463 - Q2
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Changes in the concentration of four biogenic amines were determined, showing the presence of
histamine and tyraming in long-ripened cheeses (up to a total concentration of 145 mg/Kg in
Toma Piemontese. 313 mg/Kg in Castclmagno and 120 mg/Kg in Gorgonzola} and in
Murazzano cheese (266 mg/Kg in the type produced using pure ovine milk). 2-
phenylethylamine and tryplamine are present only in Gorgonzola and Castelmagno, but in little
concentration (<33 mg/Kg). However, the presence of biogenic amines in good ripened cheeses
was not directly correlated with high precursor amino acids concentration. Gorgenzola showed
high free amino acids concentration (up to 2000 mp/Kg) probably because the very high
proteclytic activity of Peniciflium rogueforsi, but the correlation of total biogenic amines was
limited.

Table 6. Biogenic amines and related precursor amine acids in Raschera PDO during
ripening (mg kg''; mean £ S.D).

Raschera tyrosine histidine phenylalaning | tryptophan tyramine histamine
samples
5 days 2743 1244 35:16 62 - -
12 days 3710 181 751 T+0 - -
26 days 391 18£1 ild+b 6| - -
33 days 41&l 1343 [37+8 6| - -
54 days 56+l 15+5 249+438 5+1 . -

Table 7. Biogenic amines and related precursor amino acids in Murazzano PDO during
ripening (mg kg''; mean + S.).

Murazzane 1yrosing histidine phenylalanine | trypiophan tyramine histamine
samples

{mixed milk)
4 days 240 110 4420 5£0 410 -
11 dayvs 50+0 180 25641 130 2640 &
18 davs 510 31+1] 549+8 26=1 30x2 -

Murazzano*
satmples

(sheep’ milk)
4 days 371 23l 751 Skl 2241 -
L1 days 280 161 6342 403 20542 -
18 days 47x0 4242 9401 43+1 267+2 -
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