Asian Journal of Chemistry Vol. 22, No. 8 (2010), 6133-6139

Influence of Starter Cultures on the Accumulation of
Histamine and Tyramine in Vacuum-Packaged
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Effect of cheese starters (Lactococcus lactis ssp. lactis and
Lactococcus lactis ssp. cremoris; CC), yoghurt starters (Streptococcus
thermophilus and Lactobacillus delbrueckii ssp. bulgaricus; YC) and
helveticus starter (Lactobacillus helveticus; HC) on histamine, tyramine
contents and some microbiologic properties of Otlu (herby) cheese were
investigated in this study. The moisture and salt contents of cheese
were similar for difference cultures but pH of CC cheese was higher
than those of other cultures at the beginning of the ripening. Histamine
and tyramine contents of CC cheese, on the other hand, were lower
than other cheese samples and increased significantly during ripening.
Coliform counts were determined as under < 1 at the end of the storage
period in all cheeses while Enterobactericeae counts were decreased
approximately to a value of 1 cfu. Lactic acid bacteria, yeast and mould
counts of helveticus culture cheeses at 60 days was lower than that of
other (p < 0.05) samples. Results indicated that addition of the different
starter cultures on Otlu cheeses had no significant (p > 0.05) effect on
compositional (moisture, salt contents and pH value) and microbiolo-
gical (total aerobic mesophilic bacteria, coliform and Enterobactericeae
counts) properties when compared with the other cheese samples.
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INTRODUCTION

Herby cheese ("Otlu Peynir" in Turkish) has been produced and consumed in
Eastern and Southern cities of Turkey for a long time. Although there are many
traditional cheese varieties in Turkey, their production is largely based on small-scale
dairies and family farms. The industrial production of Otlu cheese (cheese added
different herbs) has been introduced recently. Otlu cheese, a semi-hard, salty and
herb added cheese, is manufactured in small family businesses for their needs and
commercial purposes from raw sheep's and cow's milk, between May and June, in
the Eastern and South-Eastern of Turkey. For the production; Otlu cheese milk is
filtered through a coot-cloth and heated up to 30-35 °C. Then, it is coagulated by
using rennet. Following the coagulation, curd is cut into small cubes. The herbs
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were added on the curd weight. The herbs commonly used in cheese are as follows:
Allium sp., Chaerophyllum macropodum, Antriscus nemorosa, Silene vulgaris,
Ferula sp., Prangos sp., Tymus sp. and Mentha sp. and they are added to cheese at
different ratios'. These herbs have odour, flavour and bio preservative characteristics
in the dairy products and they are added to cheese at different ratios. Nevertheless,
the traditional production method is still more desirable among the consumers. Starter
cultures (lactococci and lactobacilli) used for cheese fermentation degrade milk
proteins by means of proteases and peptidases to peptides and free amino acids.
These breakdowns of the products support the growth of starter cultures and are
also important for the achievement of the characteristic texture and aroma of the
cheese. On the other hand, they may increase the potential for amine formation
during cheese fermentation, which exhibit a decarboxylase activity, when microor-
ganisms are present”. Utilization of starter cultures enables producers to make food
products with a standard quality in a shorter time.

Histamine accumulates, especially during the ripening in cheese, due to the
presence of lactic acid bacteria coming from milk and other sources. The formation
of free amino acids and biogenic amines is in fact directly influenced by the bacterial
activity, pH and salt concentration. Water activity, storage temperature and ripening
time all influence amine formation indirectly’. Different biogenic amines are predomi-
nant in different kind of cheeses. Putrescine, cadaverine and tyramine were predominant
biogenic amines in Beyaz cheeses manufactured with and without starter culture.
Tyramine was also reported as predominant biogenic amine in Feta and Domiati
cheeses. The content of histamine, phenylethylamine and cadaverine is correlated
with the number of lactobacilli, tyramine, with number of enterococci, putrescine
and with the number of Enterobacteria, respectively®. The predominant amines in
Turkey are putrescine, cadaverine, histamine, tyramine and spermidine in fresh
Kasar, Mihalic, Otlu (herby) and Orgu cheeses. Phenylethylamine, cadaverine,
tyramine and spermidine are predominant in Urfa cheese while the predominance
of putrescine, cadaverine, histamine and tyramine is observed in Civil cheese.
Putrescine and tyramine are also predominat in Beyaz cheese; which is commonly
consumed in Turkey. There is a lack of information regarding the effects of starter
cultures on the accumulation of histamine and tyramine in Otlu (herby) cheese
during ripening which is the aim of this study.

EXPERIMENTAL

Full fat cow milk was obtained from a local dairy plant. Cheese cultures
(Lactococcus lactis ssp. lactis and Lactococcus lactis ssp. cremoris), yoghurt cultures
(Streptococcus thermophilus and Lactobacillus delbrueckii ssp. bulgaricus) and
helveticus culture (Lactobacillus helveticus) obtained from Rhodia Food, Ezal®,
Dange Saint-Roman and France were used as starter cultures. Commercial rennet
was obtained from Mayasan Company®, Istanbul. Herbs known as "sirmo" (Allium
sp.) in eastern region were obtained from dairy products market in Van, Turkey.
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Cheese manufacturing: The raw cow's milk was pasteurized at 65 °C for 0.5 h,
cooled to 32 °C and then divided into three groups. Starter cultures, Lactococcus lactis
ssp. lactis and Lactococcus lactis ssp. cremoris (cheese starters, CC), Streptococcus
thermophilus and Lactobacillus delbrueckii ssp. bulgaricus (yoghurt starters, YC)
and Lactobacillus helveticus (helveticus culture, HC) were then added at the ratio
of 1 % in each group and incubated for 0.5 h. Milks were coagulated with rennet for
1.5 h. Curds were cut into 8-10 mm cubes with a wire knife. The herb was added to
the all groups with the ratio of 1 % milk weight following the coagulation. The
herbs were then thoroughly mixed into the curds. Curds were pressed and all cheeses
were then cut into blocks with dimensions of 7 cm x 7 cm x 5 cm. These cheese
blocks were salted with dry salt (5 %) and kept for 2 days. After the 2 days period,
vacuum-packed cheeses were stored in the 7 = 1 °C to ripe the experiment cheese
for 3 months.

Chemical analyses: The moisture content was analyzed by oven-drying (Nuve,
Ankara) in a laboratory oven at 105 °C until a constant weight was obtained. Salt
content was determined according to the Mohr method and the pH value of each
sample was recorded using a digital pH meter (pH 211, Hanna Instruments,
Centralino, Italy) equipped with a glass electrode that was inserted directly into the
cheese samples as described by Case et al.’. All analyses were performed with
duplicates.

Histamine and tyramine analyses: Sample preparation and biogenic amines
(histamine and tyramine) analyses were carried out as described by Hurst®. The
fluorescence of the compound was measured by fluorometery (Perkin-Elmer LS 50
B Luminescence spectrometer, Wellesley, USA). The developed fluorescence in-
tensity was recorded using an excitation wavelength of 350 nm and emission wave-
length of 450 nm for histamine and an excitation wavelength of 464 nm and emis-
sion wavelength of 520 nm for tyramine’. The standard curves were automatically ob-
tained by fluorometery using standard solutions. The results were expressed as mg/
100 g wet weight.

Microbiological analyses: Representative 10 g cheese samples were homogenized
with 90 mL of sterile 2 % (w/v) sodium citrate solution at 45 °C in a stomacher
blender (2300/400, Barcelona, Spain) for 2 min. Decimal dilutions were prepared
in 0.1 % sterile peptone water and plated in duplicate. Total aerobic mesophilic
bacteria (TAMB) counts were realized on Plate Count Agar (Oxoid) at 30 °C for 48 h.
Coliforms and Enterobacteriaceae were determined on Violet Red Bile Lactose
(Merck) and Violet Red Bile Glucose Agar (Merck), respectively and then incubated
at 30 °C for 24-48 h. Lactic acid bacteria were grown anaerobically on M17 agar
(oxoid) with its pH reduced to 5.7 at 30 °C for 5 days and cycloheximide (Sigma)
was added (100 mg/L) to prevent the growth of yeasts. Yeasts and moulds were
created on Potato Dextrose Agar (Oxoid) adjusted to pH 3.5 with 10 % lactic acid
(Merck) at 25 °C for 3 days. After the incubation, colonies were counted and results
were expressed as log cfu/g of the cheese®.
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Statistical analyses: Statistical analyses of data for determining the effects of
starter cultures and ripening times on some chemical, histamine and tyramine contents
and microbiological properties on Otlu cheese were performed by ANOV A procedures
using SAS’. The differences between means were evaluated by implementing the
Duncan's multiple range tests.

RESULTS AND DISCUSSION

The values of moisture, salt, pH values and biogenic amine contents of cheeses
at different ripening times are presented in Table-1. The moisture contents of HC
culture added cheeses were slightly higher than cheeses containing CC and YC. It
was found that starter cultures and ripening periods did not significantly affect the
moisture content (p > 0.05). The salt contents of cheeses were varied between 3.57
and 4.09 %. The salt content of all cheese samples did not show a change during
ripening. The type of starter culture types was not found to be important on the salt
content (p > 0.05) of Otlu cheese. The rate of salt absorption was very high at the
first month due to the movement of NaCl molecules, as a result of the osmotic
pressure and difference in the moisture contents of cheeses'’. Salting of the cheese
can influence the pH value of the cheese due to its effect on microbial activity. Low
levels of salt can stimulate bacterial activity whereas concentrations that are higher
than 2.5 % display a negative effect''. The pH values of cheeses were simply statistically
(p <0.05) affected by starter cultures types in 2 days. The pH value significantly (p <
0.05) decreased until the 30 days of ripening and then displayed a change slowly.
The decrease in the pH value is a result of the production of organic acids (primarily
lactic acid) in which Lactobacillus is responsible for most of the sugar fermentation'.

The histamine and tyramine values of HC culture added cheeses were higher
than cheese samples containing CC and YC, as can be seen in Table-1. The histamine
and tyramine values showed a significant (p < 0.05) increase during the ripening of
all cheese samples. These values are much lower than those reported for Swiss
cheese and Cheddar cheese by Taylor et al.'' and Voight and Eitenmiller'?, respectively
but almost similar with the findings of Tarakci et al.”’ and Ekici et al."* for Tulum
cheese with black cumin and pasteurized and non-pasteurized Otlu cheeses, respectively.
Since the main factor for the production of biogenic amines in cheese is the presence
of microorganism with high decarboxylation activity, several studies have been
published on this concept matter””. This microorganism presence is in fact even
desirable in most types of cheese because proteolysis and acidification are very
important factors for the quality of the final product. Therefore, minimizing tyramine
accumulation by changing the production conditions would seem not to be the solu-
tion. The solution, rather, is to prevent the appearance of tyramine producing bacte-
ria. In this respect, the use of pasteurized milk acquires special importance'®.

Some bacteria growing on the surface of Munster cheeses, on the other hand,
degrade histamine. Strains of B. linens reduced histamine and tyramine contents, in
course of deamination, by 55-70 % during a 4-week ripening period”. Yetismeyen'’,
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TABLE-1
CHEMICAL AND BIOCHEMICAL PROPERTIES OF
CHEESE SAMPLES DURING RIPENING

Property Cheese Ripening time (day)
2 30 60 90

Moisture CC 5434+1.06 53.09 £0.65 54.32 £ 1.56 53.57 £ 1.56
(%) YC 55.12+£0.79 54.92 £ 2.65 55.08 £0.29 55.61 £ 1.60

HC 56.18+1.25 56.74 £ 0.44 56.13 £2.07 55.87 £ 0.54

CC 5.59+0.05* 5.37+0.048 5.28 + 0.06" 5.34+0.058
pH YC 554+0.01* 536+0.028 5.31 + 0.04® 528 +0.04°

HC 543 +0.04™ 5.29+0.04 5 5.26 +0.03" 5.27+0.06°

CC 371052 3.60+0.18 3.59 +0.05 3.80+0.35
Salt (%) YC 3.89+0.33 3.84 +£0.53 3.65+0.16 345+0.15

HC 357+0.26 3.62+0.27 3.86 +0.13 4.09+£0.22
Histamine CC  3.015 +0.05° 13.068 +3.23%  19.670 +0.13" 37.596 + 5.88>*
(mg/100 YC 3.252+0.11° 14.495+1.59°% 18.179+235%  43.159 +0.65"*
g) HC 3.169 + 0.09° 9.622+1.10¢ 43875+0.71®°  51.627 +0.83**
Tyramine CC 20462 +0.80°  27.085 + 4.63 **° 44.069 +3.55"  89.529 + 15.38"*
(mg/100 YC 16.885+4.29°  30.981+3.06™® 34.269+0.05° 107.198 £2.21™*
g) HC 16424 +4.93° 17.657 £3.11%¢  77.642 +3.05*® 122.591 +2.81**

CC; cheese added Lc. lactis ssp. lactis and Lc. lactis ssp. cremoris, YC; cheese added St.
thermophilus and Lb. delbrueckii ssp. bulgaricus, HC; cheese added Lb. helveticus. *Letters
indicate differences (p < 0.05) between culture groups. “*“Letters indicate differences (p <
0.05) between ripening times.

who investigated'® samples of Otlu cheese, found a positive relationship between
the formation of biogenic amines and the levels of titratable acidity, protein, water-
soluble nitrogen, non-protein nitrogen and tyrosine'®. Durlu-Ozkaya'® reported that
the concentrations of amines in Otlu cheese were much lower than the toxic levels.
Histamine levels in brined herbs used in the manufacturing of Otlu cheese were
determined by Ekici ef al."* and 23.8, 23.0, 24.9 and 24.2 mg/kg histamine were
found in brined herbs including Allium, Ferula, Anthriscus and Silene, respectively.
These values can be considered negligible for Otlu cheese to which the herbs are
added at a level of 1 %.

Changes in some microbiological properties of the cheese samples are shown
in Table-2. Total aerobic mesophilic bacteria (TAMB) counts decreased until 30 d,
then increased and again decreased during ripening and these changes were significant
for YC and HC cheese samples (p < 0.05). Otlu cheeses, which the starters cultures
were added, were not statistically (p > 0.05) significant regarding TAMB counts.
Coliform bacteria counts, on the other hand, decreased statistically (p < 0.05) in 60
days of ripening and all cheeses were not treated for 90 days. The results found
were similar to the results reported by other researchers. The coliform counts of HC
culture added cheeses were higher than cheeses containing CC and YC. This differ-
ence might be high for biogenic amines in the same cheese samples. Statistical differ-
ences between Enterobactericeae counts of the cheese samples were not significant (p >
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0.05) and Enterobactericeae counts decreased continuously during the ripening. The
lactic acid bacteria (LAB) was the dominant bacteria during the storage time and
may contribute to the production of cheese. The general trend for lactic acid bacte-
ria values was to increase up during 60 days of storage period and then the values
decreased. The lactic acid bacteria and yeast-mould counts of HC culture added
cheeses in 60 days was merely higher, statistically, than cheeses containing CC and
YC cultures (p < 0.05). Yeast and mould levels in the samples decreased continu-
ously during ripening and they were lowest at the end of ripening. Yeast and moulds
may grow in the higher acidity values. Microorganisms possessing the enzyme histi-
dine decarboxylase, which converts histidine to histamine, are responsible for the
formation of histamine in foods. One organism among them, Lactobacillus buchneri,
may be vital to the dairy industry due to its involvement in cheese-related outbreaks
of histamine-poisoning. The toxicity of histamine appears to be enhanced by the
presence of other biogenic amines found in foods that can inhibit histamine me-
tabolizing enzymes in the small intestine™.

TABLE-2
MICROBIAL PROPERTIES OF CHEESE SAMPLES DURING RIPENING
Property Cheese Ripening time (day)
2 30 60 90
Total acrobic mesophilic CC 926%+ 0.51B 857+ 0.59B 9.27 + 0.52A 8.04 + 0.06B
bacteria YC 845+023° 877+045° 9.66+0.03" 8.14+0.08
HC 8.55+0.29°¢ 8.83+0.03® 9.48+0.20" 8.05%0.21°
CC  3.69+0.12"* 325+0.13"" <1 <1
Coliform YC 4.66+0.13** 451+0.12** 3.08+0.00° <1
HC 435+0.100 4.64+0.11" 323+131 <1
CC 426+0.67* 3.06+040"® 3.15+0.78"® 1.15+1.63°
Enterobacteriaceae YC 371£1.00 397026 340+£028 <1
HC 4.17+055% 4.04+1.05* 2.89+0.16° 1.95+275"
CC 841+0.10° 872+0.05° 9.56+0.11** 8.18+0.04°
Lactic acid bacteria YC 8.64+037° 8.69+0.10° 9.45+0.04** 828+0.03"
HC 858+033 836+0.18 8.62+040" 8.28+0.28
CC 723+083" 742+0.16" 7.53+0.11"* 594 +0.91"
Mould and yeast YC 6924048 7.37+0.86"® 8.69+0.42" 6.86+ 0.31°
HC 690+023* 7.25+027% 6.93+047"* 6.04+1.05"

CC; cheese added Lc. lactis ssp. lactis and Lc. lactis ssp. cremoris, YC; cheese added St.
thermophilus and Lb. delbrueckii ssp. bulgaricus, HC; cheese added Lb. helveticus. “°Letters
indicate differences (p < 0.05) between culture groups. “*“°Letters indicate differences (p <
0.05) between ripening times.

However, the selection of the starter culture should be realized by only considering
not only the lactic acid production of the strains but also their activity in biogenic
amine synthesis®'. Biogenic amines are organic bases with an aliphatic, aromatic or
heterocyclic structure, which have been found in many foods, such as fishery products,
cheese, wine, beer and other fermented foods*'. Utilization of raw or pasteurized
milk in cheese making, higher ripening temperature, excessive proteolysis, high pH
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and low salt concentration may contribute to the ability of an organism to produce
histamine®. The increases in the amine content of cheese, however, may be attributed
to various microorganisms. These microorganisms may form the flora, associated
with the milk used to make the cheese, by the contamination during cheese making
and storage. Thus, they may be added to the cheese deliberately as a part of the
starter cultures™.

In conclusion, it would be appropriate to say that the amount of histamine and
tyramine in Otlu cheese increases during the ripening period. On the other hand, it
is clear that no general deduction may be derived from this fact since there is no
standardization in Otlu cheese production and these types of cheese may be kept
ripening for longer periods than the ripening period in this study. The histamine
and tyramine contents of cheeses with CC starters (Lactococcus lactis ssp. lactis
and Lactococcus lactis ssp. cremoris) were higher than the values of yoghurt cultures
(Streptococcus thermophilus and Lactobacillus delbrueckii ssp. bulgaricus) and
helveticus culture (Lactobacillus helveticus). Nonetheless, it must be further investigated
whether high maturing temperatures are significant in terms of histamine and
tyramine formation in herb cheese or not through detailed researches in the future.
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