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The total counts of microorganisms, coliform bacteria, psychrotrophic microorganisms, lactic acid bacteria, enterococci and many
others are ranked among the important groups of microorganisms affecting the quality of milk and cheese. In the samples of raw goat
milk (farms breeding I and II) collected within 24 h (morning milking - a, afternoon milking - b) and fresh goat cheese, these groups of
microorganisms were determined by standard methods: the total counts of microorganisms (TCM), lactic acid bacteria, coliform
bacteria, psychrotrophic microorganisms and enterococci. In cheeses, there was also carried out the determination of yeasts and moulds.

After the cultivation, colonies from Petri dishes were counted and the result was expressed in CFU/ml, g. Samples of raw goat milk
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moved between of 10°— 10° CFU/g.
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(except farm II 27.3.) corresponded the requirement of a given legislative act. However, it contained a higher number of coliform and
psychrotrophic microorganisms than the stated recommendations. Microbiological analysis showed relatively high numbers of adverse
coliform bacteria (up to 1.2 x 10’ CFU/g) in all cheeses. Counts of psychrotrophic microorganisms were relatively high as well, they

INTRODUCTION

Goat milk is similar in basic composition to cow milk. On average, it
contains about 12.6 % of solids, 3.4 % of protein, 3.8 % of fat, 4.3 % of lactose
and 0.8 % of minerals (Herian, 2008). It can be used for direct consumption or
production of various products such as cheese, yogurt and kefir. An important
quality factor of goat milk, which one should count with, is microbial
contamination.

The total counts of microorganisms (TCM), coliform bacteria,
psychrotrophic microorganisms, lactic acid bacteria (LAB), enterococci and
many others are ranked among the major groups of microorganisms affecting the
quality of milk and cheese.

Total counts of microorganisms in excess of the value of the legislation act
tells us about poor hygiene in obtaining milk, insufficient cooling, inconvenient
storage of milk and possibility of secondary contamination. Criteria for hygienic
quality of goat milk are set in the European Parliament and Council Regulation
(EC) No 853/2004. Food business operators must bring up procedures ensuring
that total count of microorganisms cultivated at 30 °C would be less than 1 500
000 (per ml) in the raw milk. However, if milk is intended for the manufacture of
dairy products from raw milk by a process that does not include any heat
treatment, the milk must contain less than 500 000 microorganisms per ml. One
of the important group of microorganisms contaminating milk are psychrotrophic
microorganisms. The most frequently isolated genera are Pseudomonas,
Flavobacterium,  Alcaligenes,  Enterobacter,  Klebsiella, =~ Aeromonas,
Acinetobacter, and Achromobacter (Burdova, 1998, Vyletélova et al., 2000b;
Chadwick Hayes & Boor, 2001). Many psychrotrophic bacteria isolated from
raw milk produce extracellular enzymes that degrade milk proteins and lipids
(Vyletélova et al., 2000a). These microorganisms are ubiquitous widespread.
Source of their contamination in milk might be, as Cousin (1982) and Burdova
(1998) reports, water, soil, air, plants, animals and man.

Coliforms, which are defined as aerobic and facultative anaerobic,
asporogenous, gram-negative bacteria that ferment lactose with acid and gas
production within 48 h at 32 or 35 °C, include the genera Escherichia,
Enterobacter, Citrobacter, and Klebsiella (Chadwick Hayes & Boor, 2001). In
milk, coliform bacteria are good indicator of primary and secondary
contamination. In raw milk, an important group of microorganisms are lactic acid
bacteria, the most important genera are Lactobacillus, Lactococcus, Leuconostoc,
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Streptococcus, Pediococcus and Enterococcus. According Gorner & Valik
(2004), they come to milk primarily while grazing in the grass and secondarily
from environment where milk is handled. LAB are important in the manufacture
of fermented dairy products and cheeses but in raw milk, their activity should be
avoided by hygiene compliance and rapid, thorough chilling of milk after
milking. Greifova et al. (2003a) reported that enterococci represent a large
proportion of autochthon bacteria associated with the mammalian gastrointestinal
tract. They often occur in soil, water and on plants. The presence of enterococci
in dairy products is referred as an indication of improper sanitation conditions
during the milk obtaining and processing. Decisive enterococci contamination of
the milk comes from the milking equipment and plant feed, as reported Greifova
et al. (2003a).

In goat farms, fresh cheeses are common products. Cheeses, whose
production is completed with lactic acid fermentation and salting, are ranked to
the group of soft fresh cheese. Produced cheese is of soft consistency (Grieger,
1990). Besides lactic fermentation, there are no other substantial changes in
proteins, as Cempirkova et al. (1997) reported. For the production of fresh
cheese, mesophilic homo- or heterofermentative lactic acid bacteria are suitable.
Besides producing lactic acid, aromatic substances especially diacetyl are
formed. The bacteria used for production of soft fresh cheese are Lactococcus
lactis ssp. lactis, Lactococcus lactis ssp. cremoris, selected according formation
of lactic acid with minimal CO, production, Leuconostoc mesenteroides ssp.
cremoris and Leuconostoc mesenteroides ssp. dextranicum. In farm-produced
cheeses, a number of defects caused by the contaminating microorganisms may
occeur.

The aim of this study is to compare the microbiological parameters of raw
goat's milk and fresh cheese from farms with conventional and organic farming.

MATERIAL AND METHODS

For microbiological analysis, samples of raw goat milk and fresh goat cheese
from farmed animals were used. In the samples of raw goat milk (farms breeding
I - conventional farming and II - organic farming) collected within 24 h (morning
milking - a, afternoon milking - b) and fresh goat cheese, these groups of
microorganisms were determined by standard methods: the total counts of
microorganisms (TCM) on PCA with skimmed milk (Biokar Diagnostic, France)
at 30 °C for 72 h, lactic acid bacteria (LAB) on MRS medium (Biokar




JMBFS /Kalhotka et al. 2013 : 2 (5) 2314-2317

Diagnostic, France) at 37 °C for 72 h, coliform bacteria on VRBL medium
(Biokar Diagnostic, France) at 37 °C for 24 h, psychrotrophic microorganisms on
PCA with skimmed milk (Biokar Diagnostic, France) at 6 °C for 10 days and
enterococci on COMPASS ENTEROCOCCUS AGAR (Biokar Diagnostic,
France) at 44 °C for 24 h. In cheeses, there was also carried out the determination
of yeasts and moulds.

For microbiological analysis of the cheese, the portion was homogenized
together with saline solution 1 min. in Stomacher homogenizer. Subsequently,
the decimal dilutions series were prepared. Then 1 ml of the dilution was
inoculated into sterile Petri dishes and sealed with an appropriate medium. The
above-mentioned groups of microorganisms were set. For cheese, the
determination of yeasts and moulds was carried out on Chloramphenicol Glucose
Agar (Biokar Diagnostics, France) at 25 °C for 120 h. After the cultivation of
particular Petri dishes accrued colonies were counted and the result was
expressed in CFU/g.

RESULTS AND DISCUSSION

In samples of raw goat milk taken during lactation and fresh goat cheese, the
numbers of important groups of microorganisms have been determined. The
results of microbiological analysis are presented in Tables 1 to 2.

Raw milk

The results show that in raw goat milk, the total number of bacteria for the
whole period varied around 10° CFU/ml (farm I), with the only one exception
resp. 10* — 10° CFU/ml (farm II). Average values then ranged from 1.2 to 2.9 x
10° CFU/ml (farm I) resp. 1.9 x 10*to 3.0 x 10® CFU/ml (farm II). The farm II
has supplied pasteurized milk from August to November. The results are not
further commented although for completeness, they are shown in Table 1. In
farm, incorrect pasteurization or low level of hygiene might be estimated because
of high levels of microorganisms (10> - 10* CFU/ml TCM and 10* - 10*
psychrothrophic microorganisms). Similar results were also found out by
Koufimska & DvoFakova (2008) who reported a value 1.1 x 10° CFU/ml as the
average value per lactation. EC Regulation No 853/2004 sets limit < 1 500 000
resp. < 500 000 microorganisms per ml for raw goat milk. It is obvious that the
samples of raw milk correspond with the threshold throughout the traced period
with some exceptions.

Psychrotrophic bacteria counts ranged from 10* — 10° CFU/ml (farm I resp.
10 — 10° CFU/ml (farm II). Gorner & Valik (2004) reported that in milk, the
numbers of these bacteria should not exceed 50 000 CFU/ml. In Tab. 1, there is
shown that numbers of psychrotrophic bacteria have been detected in milk
samples in the range of 10° - 10° CFU/ml and in some cases, the recommended
limit was exceeded. Defects of fluid milk, associated with the growth of
psychrotrophic bacteria, are related to the production of extracellular enzymes.
Sufficient enzyme which causes defects is usually present when the population of
psychrotrophs reaches 10° to 10’ CFU/ml (Fairbairn & Law, 1987).
Prolongation of pasteurized milk storage by one day is associated with 8.6
mmol/kg increase of FFA (free fatty acids) in the case of psychrotrophic
microorganisms occurrence 10°- 10° CFU/ml (Vylet&lova & Hanus, 2000).

In samples of raw milk, lactic acid bacteria counts ranged from less than 100
to 10° CFU/ml. Their negative impact on the quality of raw milk is limited by
rapid and thorough chilling in the milk preservation after milking. Coliform
bacteria counts ranged from less than 100 to 2.2 x 10° CFU/ml. Gérner & Valik
(2004) gives a number less than 1 000 CFU/ml as an additional indication of cow
milk quality. Taking into consideration the looser limits of EC regulations for
goat milk, determined values were not high except some samples. However, there
should still be enhanced attention devoted to increased counts of coliform
bacteria.

The amount of enterococci ranged from few colonies up to 10* (farm II)
CFU/ml (Table 1). Greifova et al. (2003) reported that the decisive enterococci
contamination of milk comes from the milking equipment and plant feed. In raw
milk, enterococci are clear indicators of inadequate decontamination of
equipment and machinery. As thermoresistant bacteria, some species of
enterococci survive required pasteurization temperature, therefore they are
normal part of pasteurized milk.

Fact, that TCM and psychrotrophic microorganisms in milk from farm I
(conventional farming) were very similar during whole lactation, can be clearly
seen from the results above. Callon et al. (2007) reports that the composition of
microflora and counts of microorganisms during lactation can be variable and
they are involved by many outer factors e.g. physiological state, way of feeding,
type of feed and weather. At milk from the second farm (organic farming), higher
oscillation of these microorganisms could be suggested. This can be reasoned out
from the relatively high counts of microorganisms determined in milk delivered
in 8" and 11™ month which was already pasteurized by farmer. Similar trends
were found out earlier by Kalhotka et al. (2010). Provably higher total counts of
microorganisms and coliform bacteria in milk from ecological farming can be
seen in Koufimska et al. (2012). Similar results can be expected at goat milk.

Table 1 Microorganisms in raw goat milk (CFU/ml)

Date  Sample TCM LAB CB PM ENT
27.5. Ia 25x10°  29x10° 22x10° 22x10° 15x10°
b 9.0x10*  75x10* 1.6x10° 53x10* 14x10°
meanl 1.7x10° 1.8x10° 19x10° 14x10° 1.4x10°
Ila 31x10°  99x10* 24x10* 15x10° 15x10°
IIb 14x10°  12x10° 49x10* 57x10° 1.7x10*
meanll 22x10° 11x10° 3.7x10° 1.0x10° 1.6x10°
23.6. Ia 26x10°  99x10° 94x10° 12x10* 56x10°
b 2.1x10°  7.0x10° 18x10* 3.5x10° 28x10°
meanl 23x10° 85x10° 14x10° 24x10° 4.2x10°
Ila 5.0x 10" <100 25x10° 2.0x10° <10
IIb 1.4x10* <100 1.0x10° 2.7x10° <10
meanIl  3.2x10* <100 1.8x10> 24x10° 10
23.7. Ia 13x10°  1.1x10° <100 2.1x10* <10
b 1.1x10°  2.0x 10 <100 1.6x10* <10
meanl  12x10° 6.7 x 10 <100 19x10* <10
Ila 26x10°  20x10* 1.1x10° 19x10* 62x10°
IIb 35x10°  1.9x10* 1,0x10° 19x10* 9.6x10°
meanIl 3.0x10° 19x10° 1.1x10° 19x10* 7.9x10°
58. Ia 31x10°  44x10° 14x10* 3.1x10° 28x10°
b 27x10°  13x10* 92x10* 59x10* 34x10°
meanl 29x10° 88x10° 53x10° 1.8x10° 3.1x10°
Ia* 25x10° 23 x 10 50 8.6x10° <10
IIb* 1.4x10* 91 1.5x10° 3.1x10* <10
meanIl  1.9x10° 1.6x10> 1.0x10* 2.0x10* 10
13.10. Ia 14x10°  39x10° 62x10° 45x10° 4.5x10°
b 13x10°  41x10° 21x102 24x10° 3.0x10°
meanl  13x10°  4.0x10° 32x10° 34x10° 3.8x10°
Ila* 32x10* <100 3 8.2x10° 1
IIb* 1.4x10* <100 8 9.5x10° 1
meanIl  23x10* <100 6 8.9x10° 1
10.11. Ia 1.6x10°  24x10* 1.6x10° 19x10* 6.8x10°
b 23x10°  27x10* 1.7x10° 27x10* 1.0x10°
meanl  1.9x10° 2.6x10° 1.6x10° 23x10° 8.5x10°
Ia* 2.8x 10 2 2 1.5x 10 ND
IIb* 69 3 2 1.0x 10 ND
meanl 1.7 x 10’ 2 2 1.3 x 10? ND
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Legend: * pasteurized milk, ND — not detected, TCM - total count of
microorganisms, LAB — lactic acid bacteria, CB — coliform bacteria, PM —
psychrotrophic microorganisms, ENT - enterococci

Fresh goat cheese

Together with the samples of milk, cheeses from both farms were delivered
for analysis. Table 2 presents the results of microbiological analysis of fresh goat
cheese made from analyzed milk. The results of microbiological analysis from
Table 2 show that the total number of bacteria in cheese ranged in orders of
magnitude 107 - 10° CFU/g (farm I) resp. 10® - 10° CFU/g (farm II). Results
cannot be attributed only with indication of the low level of hygiene in the
production of cheese, but there are significantly reflected lactic acid bacteria
whose numbers have varied in the range between 107 - 10° CFU/g. These bacteria
are the most important group of microorganisms from the technological point of
view.




JMBFS /Kalhotka et al. 2013 : 2 (5) 2314-2317

Table 2 Microorganisms in fresh goat cheeses (CFU/g)

Date Sample TCM LAB Coll)i:(C).rm Psych:‘r(:.troph. Enterococci Yeasts and moulds
Total counts Yeasts Moulds
Total counts Geotrichum
27.5. Ia 2.7x107 7.0 x 10’ 1.4x10* 1.2x10* 1.1x10° 25 10 15 ND
Ib 48x10° 6.0x 107 2.0x 10 2.7x 10 1.2x 10 50 0 50 50
mean I 25x10° 34x107 1.7 x 10* 2.0x10* 5.9 x 10’ 38 5 33 25
Ila 59x10° 4.6x10° 3.9x10° 25x10° 8.7x 10° 7.7 x 10° 63x10° 14x10° 14x10°
IIb 3.1x 10 3.6x10° 1.3x10° 2.7x 10 1.0x 10* 9.0x10° 7.8 x 10° 12x10° 12x10°
meanll  4.5x10° 41x10* 2.6x10° 2.6x10* 9.5x10° 83x10° 7.0x10° 1.3x10° 1.3x10°
23.6. Ia 1.5x10° 1.6 x 10’ 6.4x10? 59x10° ND ND ND ND ND
b 9.8x 107 40x10 1.2x10* 3.6x10° 14x10° ND ND ND ND
mean I 1.3x10 2.8x10’ 6.2x10° 48x10° 7.2x10° ND ND ND ND
Ila 49x10° 3.6x10° 1.8x10° 22x107 52x10° 1.2x10* 1.2x10* ND ND
IIb 3.0x 10 25x10° 1.1x10 1.0x 10 40x10° 3.8x10° 3.8x10° ND ND
meanll  39x10° 3.0x10* 6.6 x10° 1.6 x 10’ 4.6x10° 7.7x10° 7.7x10° ND ND
23.7. Ia 6.8x 10° 23x10* 1.3 x 10* 7.7x 10 20 78 55 23 ND
Ib 35x10° 1.5x 10 1.4x10* 1.2x10* ND 10 5 5 ND
mean I 5.1x10° 1.2x10 1.3 x 10 45x10* 10 44 30 14 ND
Ila 7.5x10° 13x10 62x10° 33x10° 6.1x10° 12x10° 12x10° 45 45
IIb 5.0x10° 1.8x 10 7.6x10° 8.7x 10° 23x10° 1.9x10° 1.9x10° ND ND
meanll 6.3 x10° 1.5x 10 6.9 x 10° 6.0x10° 42x10° 1.6 x 10° 1.6 x 10° 23 23
58. Ia 4.1x10° 2.9x107 23x10° 32x10° ND 5 5 ND ND
Ib 22x 10 3.6x 10 1.7x 10* 20x10° 25 32 27 5 ND
mean I 3.1x10° 3.3x107 8.7x10° 1.2 x10° 13 19 16 3 ND
Ila 34x10° 32x107 12x10 49x10° 40x10° 1.6x10° 1.6x10° 45 ND
IIb 1.9x 10° 44x10 7.4x10° 3.7x10° 3.6x10° 23x10° 23x10° 0 ND
meanll  2.7x10° 3.8x10’ 9.8x10° 43x10° 3.8x10° 1.9 x 10° 1.9 x 10° 23 ND
13.10. Ia 6.1x 10 27x10° 50 57x10° 6.3 x 10’ 5 ND 5 ND
Ib 1.7 x 10° 4.5x 10’ 3.0x 10 3.6x10° 23 5 ND 5 ND
mean I 39x10° 1.6 x 10 1.8 x 10* 4.7x10° 3.3x10° 5 ND 5 ND
Ila* 1.5x10° 6.0x 10 1.0x 10 1.5x 108 52x 10’ 52x10° 52x10° 50 ND
IIb* 6.2x 10 2.1x10* 1.5x 10 32x10° 43x10 54x10° 54x10° ND ND
mean 11 1.1x10° 41x10* 1.3 x 10? 7.7 x107 4.8x10’ 53x10° 53 x10° 25 ND
10.11. Ia 57x10° 7.4x 10 1.1x10° 1.2x10* 1.4x10* 5.7 x 10 5.6 x 10 10 ND
b 3.8x 10 1.0x 10 12x10° 6.0x10° 15 20 15 5 ND
mean I 47x10° 8.9x10’ 59x10* 8.8x10° 6.8x10° 29x10° 29x10° 8 ND
Ila* 22x 10 1.6x10 <100 23x10° 1.6x10 29x 10 29x 10 ND ND
IIb* 1.9x 10° 2.1x107 <100 29x10° 1.7x 10 2.0x 10 2.0x 10 27x10? 27x10?
mean 1T 2.1x10° 1.8 x 10’ <100 2.6 x10° 1.6 x 10’ 2.5x10° 2.5x10° 1.4 x 10* 1.4 x 10*

Legend: *Goat gervais, TCM — total count of microorganisms, LAB — lactic acid bacteria

In all samples of cheese, coliform bacteria were detected. Their numbers
have varied from several tens to 1.2 x 10° CFU/g  (farm I) resp. 1.2 x 10’ CFU/g
(farm IT). CSN 56 9609 for fresh cheese gives the limit of 5 x 10* resp. 2 x 10°
CFU/g. The occurrence of these bacteria indicates a low level of hygiene in the
production of cheese. These bacteria are the cause of the defects of fresh cheeses.
Approximately 10’ CFU of coliform per gram is needed to produce a gassy defect
(Frank, 2001). They are also producers of biogenic amines (Kalhotka et al.,
2012a) and some of them may also be pathogenic for humans. The numbers of
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psychrotrophic microorganisms which varied within the order of magnitude 10° -
10° CFU/g (farm I) resp. 10* — 10® CFU/g (farm II) also indicates the possibility
of secondary contamination in cheese production.

At the first sight, enterococci act contradictory in food microbiology. In
fermented foods, they have probiotic properties and they are able to form
bacteriocins and needed for cheese ripening (Greifova et al., 2003). The presence
of enterococci in dairy products is also referred as an indication of lack of
sanitation conditions during the milk obtaining and processing. Enterococci are
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also important producers of biogenic amines especially tyramine (Halasz et al.,
1994; Bover-Cid & Holzapfel, 1999; Greifova et al., 2003b and Kalhotka et
al., 2012b). Counts of enterococci ranged from the threshold of detection to 10*
CFU/g (farm ) resp. 10° — 107 CFU/g (farm II). In traditional and artisanal
cheeses produced using raw milk, enterococci usually reach 107 CFU/g (Wessels
et al., 1990). Numbers of enterococci in Mediterranean-type cheese curds range
from 10* to 10° CFU/g, and in the fully ripened cheeses from 10° to 10’ CFU/g.
(Franz et al., 2003)

During cheese production, contamination by yeasts and moulds can result in
final product. Growth of yeasts and moulds is a common cause of spoilage of
fermented dairy products, because these microorganisms are able to grow well at
a low pH. Yeast spoilage is manifested as fruity or yeasty odor and/or gas
formation (Frank, 2001). This group of microorganisms occurred in cheese but
their numbers were low (farm I) being dominated by the yeasts. However, high
counts of molds and yeast were detected in farm II in orders of magnitude ~ 10°
CFU/g. There were higher counts of yeast compare to molds again. Counts of
yeast did not increase the limits 107 given by CSN 569609. Gorner & Valik
(2004) reported that yeasts significantly grow on surface of packed cheese. If the
package is ruptured, fungal growth, usually genera Penicillium and Aspergillus
who dominates in the air of cheese diaries (Johnson, 2001), can occur there.
Cheese is a frequently contaminated by Geotrichum because it commonly
inhabits raw milk and it is part of natural microflora in fresh cheese made of goat
milk (Hudecova et al., 2008). The cheese from pasteurized milk is the most
likely source of its contamination from the environment. However, the cheese
analysis showed the appearance of Geotrichum in only one sample (farm 1) resp.
4 in farm II (see Table 2). On cheese, there were no apparent increases of moulds.
Cheese from farm II was worse quality, unlikely taste and there was a smell of
yeast.

CONCLUSION

Samples of raw goat milk (except farm II 23. 7.) corresponded with the
requirement of a given legislative act. However, it contained a higher number of
coliform and psychrotrophic microorganisms than the stated recommendations.
Pasteurization of milk was a reason of significant reduction of microbial
contamination by several orders of magnitude or it was on threshold of detection.

Microbiological analysis showed that for all cheeses, numbers of unwanted
coliform bacteria were relatively high. Counts of psychrotrophic microorganisms
were relatively high as well. This indicates a low level of hygiene in the
production of cheese at the farm. Although in some samples of milk produced by
organic farming, the microbial contamination was lower than in some samples of
milk produced by conventional farming, cheeses made from this milk were
evaluated oppositely. Cheeses from farm II (organic farming) had significantly
worse quality. In conclusion, it is necessary to pay maximum attention to hygiene
during milk obtaining and cheese manufacturing.
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