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INTRODUCTION

Milk is a product that plays an important role in a hu-
man diet, owing to high nutrient density and high concen-
tration of the majority of nutrients in relation to the amount 
of  supplied energy [Zmarlicki, 2009; Ebringer et al., 2008]. 
However, at the same time, milk is an excellent substrate for 
microorganisms. The  development of  unwanted microfl ora 
reduces the nutritional value of the product, adversely affects 
the sensory quality by contributing changes in  taste, aroma 
and texture. The presence of pathogenic microfl ora is particu-
larly detrimental from the human health point of view [Gandy 
et al., 2008; Hettinga et al., 2008; Hayes et al., 2002].

In order to ensure the safety of this product pasteurisa-
tion or sterilisation of milk are used as the main preservation 
methods. Due to the long shelf-life and ease of storage, UHT 
milk is very popular with consumers. However, the sterilisa-
tion process contributes to the loss of valuable, from the nu-
tritional point of view, labile milk components, it has a nega-
tive impact on sensory properties of milk as well [Sakkas et al., 
2014; Rysstad & Kolstad, 2006]. An increasingly wider group 
of consumers expects milk to be similar in taste to pasteur-
ised milk but with a longer shelf life. The need for extending 
the shelf life of pasteurised milk, without the negative fl avour 
change normally associated with UHT, resulted in develop-
ment of ESL (Extended Shelf Life) milk. Various combina-
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tions of preservation processes can be used in the production 
of ESL milk. The physical methods (e.g. microfi ltration) are 
most frequently used to remove bacterial cells and  spores 
before pasteurisation. A  low number of microorganisms in 
the milk after microfi ltration allows using the milder tem-
perature and time conditions in heat preservation process to 
destroy any remaining microfl ora with keeping better nutri-
tional value and sensory quality of milk [Sakkas et al., 2014; 
Świderski, 2010; Rysstad & Kolstad, 2006].

High microbiological quality of consumed milk is deter-
mined by good hygiene practices at each stage of its produc-
tion. An important role is played by the technical equipment 
of households and buying raw material organisation, which 
determine the microbiological quality of  raw milk entering 
the dairy plant. The  standard of hygiene and  service facili-
ties in the plant, temperature and thermal processing condi-
tions are important, as well as protection against secondary 
contamination of the product after the heat process [Smigic 
et al., 2012]. In the case of pasteurised and ESL milk, it is also 
important to ensure the proper transport conditions and stor-
age temperature of the fi nished product. According to the lit-
erature, for every 2–3°C increase in  storage temperature, 
the shelf life of pasteurised milk is  reduced by half [Gandy 
et al., 2008; Rysstad & Kolstad, 2006]. Meanwhile experimen-
tal data have shown that in more than a half of  the places 
where the milk is stored (refrigerated counters in commercial 
domestic refrigerators), the temperature exceeded the recom-
mended level, the differences reached even 14°C [Jakubczyk 
& Bogdańska-Zaręba, 2009]. Rysstad & Kolstad found that 
as soon as pasteurised milk left the dairy plant, its tempera-
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ture increased during transport to the retail store. In the su-
permarket, during the day, when doors to the chiller cabinets 
were frequently opened, the temperature exceeded 10°C [Rys-
stad & Kolstad, 2006].

In view of  the diversity of  factors infl uencing the quality 
of the milk, control processes are of the almost importance to 
ensure its microbiological purity, that determines safety, high 
nutritional value and  proper sensory quality. They should 
be carried out at every stage – applied to raw milk entering 
the dairies, milk leaving the processing plant and to the prod-
ucts on the market.

The aim of  the  study was to assess the microbiological 
purity and sensory quality of selected assortments of market 
milk. The paper also compares sensory profi les of milk differ-
ing in the preservation method.

MATERIAL AND METHODS

The study material consisted of 30 assortments of market 
milk including 4 subjected to microfi ltration and low pasteur-
isation, 6 pasteurised at high temperature and 20 preserved 
by UHT method. Until the evaluation, samples were stored 
in  conditions consistent with manufacturers’ instructions. 
Microbiological and  sensory quality assessment was car-
ried out at the end of shelf life. Selected milk samples were 
also subjected to sensory evaluation directly after delivery to 
the laboratory using the profi ling method. 

The studied milk samples were determined for: total bacte-
ria count (TBC) at 30°C according to Polish Standard PN-EN 
ISO 4833:2004 + Ap 1:2005, and  the presence and number 
of Enterobacteriaceae according to Polish Standard PN-ISO 
21528–2:2005.

The  sensory evaluation was performed by  the  scaling 
method using a 5-point scale for quality attributes: appear-
ance, odour, consistency and taste. The study was performed 
according to IDF Standard 99 C:1997, part. 1 and part. 3. 
The evaluation of samples attributes was performed according 
to the Commission Regulation (EC) No 273/2008 of 5 March 
2008  stating down detailed rules for the  application 
of the Council Regulation (EC) No 1255/1999 with reference 
to methods for the  analysis and  quality evaluation of milk 
and milk products. Each sample was analysed by a 9-person 
panel; the basis of the average results was 9 unit ratings.

Quantitative Descriptive Analysis method (QDA) was 
used to determine the detailed sensory characteristics of 6 se-
lected market milk samples with the  same fat content, dif-
fering in the preservation method. The study was conducted 
on the basis of 18 well-defi ned attributes, using the analyti-
cal procedure described in the Polish Standard PN-EN ISO 
13299:2010. Each sample was analysed in  two independent 
replications, the base of the average results was 20 individual 
ratings (10 panellists x 2 sessions).

The sensory characteristics of the samples was performed 
by a  trained and  experienced panel qualifi ed as experts ac-
cording to the Polish Standard PN-EN ISO 8586:2014–03. 
The assessments were performed at the Laboratory of Sen-
sory Analysis at the Faculty of Human Nutrition and Con-
sumer Sciences, Warsaw University of Life Sciences, which 
met all the  requirements specifi ed in  the  standard PN-EN 

TABLE 1. Microbiological quality of milk – the presence and number 
of Enterobacteriaceae and total bacteria count at 30°C.

Samples
Total bacteria count Presence and number 

of Enterobacteriaceae
PN-EN ISO 4833:2004 

+ Ap1:2005 PN-ISO 21528–2:2005

UHT milk containing 3.2% of fat

p1 UHT

below 1 CFU/mL below 1 CFU/mL

p2 UHT

p3 UHT

p4 UHT

p5 UHT

p6 UHT

p7 UHT

p8 UHT

UHT milk containing 2% of fat

p9 UHT

below 1 CFU/mL below 1 CFU/mL
p10 UHT

p11 UHT

p12 UHT

UHT milk containing 1.5% of fat

p13 UHT

below 1 CFU/mL below 1 CFU/mL
p14 UHT

p15 UHT

p16 UHT

UHT milk containing 0.5% of fat

p17 UHT

below 1 CFU/mL below 1 CFU/mL
p18 UHT

p19 UHT

p20 UHT

Milk containing 3.2% of fat pasteurised at high temperature 

p1 HP below 1 CFU/mL below 1 CFU/mL

Milk containing 2% of fat pasteurised at high temperature

p2 HP

below 1 CFU/mL below 1 CFU/mL

p3 HP

p4 HP

p5 HP

p6 HP

Milk containing 3.2% of fat subjected to 
microfi ltration and low pasteurisation

p1 MFLP 
MFLTLP

2.9 x 102 CFU/mL
[2.5 x102; 3.3 x102] below 1 CFU/mL

p2 MFLP 6.8 x 10 CFU/mL
[5.9 x10; 7.8 x10] below 1 CFU/mL

Milk containing 3.2% of fat subjected to 
microfi ltration and low pasteurisation

p3 MFLP 3.0 x 104 CFU/mL
[2.6 x104; 3.5 x104] below 1 CFU/mL

p4 MFLP 6.8 x 102 CFU/mL
[5.9 x102; 7.8 x102] below 1 CFU/mL

Explanatory notes: UHT – sterilised milk; HP – milk pasteurised at high 
temperature; MFLP – milk subjected to microfi ltration and low pasteuri-
sation.



A. Piotrowska et al.  263

ISO 8589:2010. The  computerised support system for sen-
sory analysis ANALSENS NT was used for planning session 
ratings by the QDA method, generating random numbers for 
coding samples, recording individual results and  their pre-
liminary processing.

Individual milk samples in the amount of ~ 30 mL were 
placed in  the previously prepared and encoded plastic bea-
kers (100 mL) and covered with lids. Non-carbonated mineral 
water was used as a taste neutraliser between samples. Sets 
of samples for the individual panellists were coded individu-
ally and presented in random order. Prior to sensory evalua-
tion, the samples had been conditioned to room temperature 
in order to balance the aroma in the samples headspace.

The  signifi cance of  differences in  attributes intensity 
among milk samples assessed by the QDA method was verifi ed 
using multivariate analysis of variance ANOVA and the crite-
rion of the least signifi cant difference NIR (p0.05). Principal 
Component Analysis was applied for the assessment of simi-
larities and  differences of  sensory profi ling characteristics 
in the evaluated samples.

RESULTS AND DISCUSSION

The results of microbiological tests (Table 1) indicate that 
Enterobacteriaceae was not found in  any of  evaluated milk 
samples (<1 CFU/ mL), which proves the high hygienic qual-
ity of the tested milk and the effectiveness of the heat process. 
In accordance with Commission Regulation (EC) No 2073 
/2005 of 15 November 2005 on microbiological criteria for 
foodstuffs (OJ L 338, 22.12.2005, as amended), the control 
of Enterobacteriaceae in pasteurised milk samples is obliga-
tory and the contents should not exceed 10 CFU/ mL. Entero-
bacteriaceae bacteria are considered as indicators of hygienic 
quality of food products. Determination of their level enables 
the assessment of the correctness of procedures and hygiene 
throughout the production process, including the assessment 
of the effectiveness of the pasteurisation process. Pasteurisa-
tion destroys the Enterobacteriaceae bacteria, thus their pres-
ence indicates non-compliance with the required parameters 
of  the heat treatment process or the  secondary contamina-
tion after the heat treatment. Studies show that the presence 
of Enterobacteriaceae in excess of allowable limits is usually 
also accompanied by  a  signifi cant number of  other unde-
sirable microorganisms and  consequently sensory quality 
of products is reduced [Molska, 2007; Tortorello, 2003].

In  all UHT and  pasteurised at high temperature milk 
samples, the total bacteria count was lower than 1 CFU/mL. 
In the group of microfi ltered and pasteurised at low tempera-
ture milk, the TBC ranged from 6.8 × 10 CFU/ mL to 3.0 × 
104 CFU/mL.

In a study conducted by Molska & Pałubińska [2006], con-
cerning the microbiological quality of high-pasteurised market 
milk samples it was found that the  tested milk has retained 
the microbiological quality throughout the storage period. De-
velopment of  the microfl ora was observed during milk stor-
age, but the  total bacteria count did not exceed 105 × CFU 
in 1 mL in any sample [Molska & Pałubińska, 2006]. In this 
study, the TBC in high-pasteurised milk at the  end of  shelf 
life was very low (below 1 CFU in 1 mL), which proves high 

quality of raw milk, effectiveness of the pasteurisation process 
and lack of secondary contamination.  

The  evaluation of  the  sensory quality performed within 
this study showed no change in  appearance, consistency, 
odour and taste as a result of the lack of undesirable micro-

TABLE 2. Sensory evaluation of milk by scaling method using a 5-point 
scale (mean scores n = 9).

Samples Appearance Odour Consistency Taste

UHT milk containing 3.2% of fat

p1 UHT 4.90 4.55 4.90 4.50

p2 UHT 4.50 4.35 5.00 4.75

p3 UHT 4.80 4.45 4.80 4.55

p4 UHT 4.95 4.25 4.90 4.45

p5 UHT 5.00 4.65 5.00 4.80

p6 UHT 4.90 4.70 4.95 4.75

p7 UHT 4.90 4.25 4.90 4.55

p8 UHT 4.90 4.70 4.95 4.55

UHT milk containing 2% of fat

p9 UHT 4.55 4.75 5.00 4.95

p10 UHT 5.00 4.70 5.00 4.75

p11 UHT 5.00 4.70 5.00 4.80

p12 UHT 5.00 4.70 5.00 4.75

UHT milk containing 1.5% of fat

p13 UHT 5.00 4.90 5.00 4.95

p14 UHT 5.00 4.95 5.00 4.85

p15 UHT 5.00 4.40 5.00 4.50

p16 UHT 5.00 4.89 5.00 4.78

UHT milk containing 0.5% of fat

p17 UHT 4.94 4.78 5.00 4.61

p18 UHT 5.00 4.61 5.00 4.39

p19 UHT 5.00 5.00 5.00 4.89

p20 UHT 5.00 4.81 4.94 4.25

Milk containing 3.2% of fat pasteurised at high temperature

p1 HP 4.88 4.75 4.88 4.75

Milk containing 2% of fat pasteurised at high temperature

p2 HP 5.00 4.75 4.88 4.63

p3 HP 5.00 4.75 5.00 4.81

p4 HP 4.86 4.64 4.86 4.57

p5 HP 5.00 4.93 5.00 4.86

p6 HP 5.00 4.94 5.00 4.81

Milk containing 3.2% of fat subjected to 
microfi ltration and low pasteurisation

p1 MFLP 5.00 5.00 5.00 4.56

p2 MFLP 5.00 4.94 5.00 4.81

Milk containing 2% of fat subjected to 
microfi ltration and low pasteurisation

p3 MFLP 5.00 4.69 4.86 4.44

p4 MFLP 5.00 4.88 4.88 4.56

Explanatory notes: UHT – sterilised milk; HP – milk pasteurised at high 
temperature; MFLP – milk subjected to microfi ltration and low pasteuri-
sation.
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fl ora development. Irrespective of  the  preservation method 
and  fat content, the scores given for certain attributes were 
not lower than 4 (Table 2).

The  samples were characterised by  adequate appear-
ance without quality defects. Their colour was evaluated as 
typical, white with a slightly cream shade and intensity with 
little difference among all analysed samples. Milk aroma 
was typical, sweet and  creamy. Odours that negatively af-
fect the  sensory quality of products e.g. unclean, cowshed 
and sour, were not perceived. The consistency of the tested 
milk was also highly rated – all samples were perceived as 
fl uid and smooth. As far as milk taste is concerned, milky 
note, accompanied by  sweet and  fatty taste dominated. 
Adverse fl avours, characteristic for undesirable changes 
in quality, were not detected.

Sensory quality is an important indicator of  the overall 
quality and health safety of milk. One of the factors that re-
duces the risk of food poisoning due to the presence of Bacil-
lus cereus in milk is  the  fact that the  intensive development 
of  this microfl ora causes changes in  the  sensory character-
istics, disqualifying the  product for consumption [Jakub-
czyk, 2004]. Most of psychrotrophic bacteria produce heat-
-resistant extracellular enzymes, such as lipases and  pro-
teases, which remain in  the milk even after the destruction 
of bacterial cells as a result of heat treatment, causing adverse 
effects. These enzymes, particularly proteases, are character-
ised by high heat resistance, they survive pasteurisation tem-
perature and even partially sterilisation [Skrzypek et al., 2002; 
Valero et al., 2001]. 

Sensory quality of milk depends on many factors includ-
ing microbiological and chemical contamination, artifi cial or 
natural light exposure, storage temperature as well as cows 
feed. The  fl avour of  high-quality milk has been described 
as bland, pleasantly sweet and  free of defects. Due to milk 
naturally mild fl avour, the development of  any off-fl avours 
is particularly noticeable in the product. Microbiological con-
tamination has a major infl uence on milk quality [Aires et al., 
2009; Gandy et al., 2008; Hettinga et al., 2008; Fromm & Boor, 
2004]. The nature of adverse changes in milk quality can vary 
depending on the type of present microorganisms. Pseudomo-
nas bacteria produce lipases and proteases that cause the de-
velopment of defects in  taste and  smell described as fruity, 
bitter, dirty and spoiled. Ethyl esters of FFAs are most likely 
responsible for the fruity off-fl avour associated with the Pseu-
domonas development [Hettinga et  al., 2008; Hayes et  al., 
2002]. Species Bacillus circulans ferments lactose, which leads 
to milk acidity increase and as a result to the increase of sour 
taste. In  turn, Bacillus cereus is  the cause of bitter taste ap-
pearance and the formation of a loose curd [Aires et al., 2009; 
Jakubczyk & Bogdańska-Zaręba, 2009]. One of the main en-
zymatic reactions causing quality deterioration in milk is  li-
polysis. The breakdown of triglycerides to free fatty acids can 
cause an off-fl avour described as rancid, butyric or cheesy. 
Pseudomonas fl uorescens has been identifi ed as a major con-
tributor to lipolytic spoilage. Although rancid off-fl avours 
in milk are often associated with the growth of lipolytic micro-
organisms, they may also result from the presence of indige-
nous lipoprotein lipase [Hettinga et al., 2008; Fromm &Boor, 
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FIGURE 1. Sensory profi le of market milk containing 2% of fat preserved with different methods.

Explanatory notes: UHT – sterilised milk;  HP – milk pasteurised at high temperature;  MFLP – milk subjected to microfi ltration and low pasteurisation. 
Tested attributes: o. – odour, t. – taste / f. – fl avor; o. sweet; o.milk; o. of boiled milk; o. creamy; o. rancid; o. untypical;  colour; thickness; smoothness; 
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2004; Hayes et al., 2002]. The activity of proteolytic enzymes 
of native or bacterial origin can lead to undesirable changes 
not only in fl avour (bitterness particularly) but also in texture 
(the so-called gelatifi cation as a result of the storage). It in-
volves the gradual increase of the viscosity of the milk up to 
a  full gelatinisation. These adverse effects result from a di-
rect interaction between casein micelles and  the  formation 
of bonds of  three-dimensional network [Dzwolak & Ziajka, 
1997]. According to the literature, an increased rate of prote-
olysis is observed in skimmed milk compared to whole milk 
[Valero et al., 2001]. Adverse changes in the sensory quality 
of milk can also result from the method of animal feeding. 
The presence of  forage taste and odour may be associated 
with the use of poor quality forage silage typically with high 
pH, a  large amount of  rapeseed meal, as well as frozen or 
stale forage [Jakubczyk & Bogdańska-Zaręba, 2009]. Light 
is another factor that can affect sensory quality of milk. Both 
sunlight and artifi cial light have negative effects on milk qual-
ity and contribute to off-fl avours development, described as 
light-activated, burnt or sunlight. The main reason for light-
-induced off-fl avour is  photo-oxidation of  the  amino acid 
methionine to the strong off-fl avour compound – methional. 
Packaging can directly prevent the development of  light-in-
duced off-fl avour by protecting the product from both light 
and  oxygen. Transparent packaging materials, like glass or 
plastic, offer only minimal protection against harmful light 
[Gandy et al., 2008; Karatapanis et al., 2006; Rysstad & Kol-
stad, 2006].

In studies of  low pasteurised milk, conducted in 2008 as 
part of the “National Evaluation of Milk”, it was found that af-
ter 5 days of storage 13% of the analysed milk samples showed 
defects of taste and odour, whereas in the last day of storage 
defects occurred in 38% of the samples. Low sensory quality 
was associated with the perceptibility of cowshed, bitter, forage 
and unclean taste and smell. In some milk samples changes 
were also found in the appearance. The results of these studies 
indicate that stability of low-pasteurised milk does not always 
correspond with the shelf life declared by  the manufacturers 
[Jakubczyk & Bogdańska-Zaręba, 2009].

The results of microbiological tests and sensory evaluation 
obtained in the present study indicate the high quality of mar-
ket milk. According to literature, the continuous improvement 
of  the microbiological quality of milk is  observed recently 
in Poland. This is due to a whole range of undertaken activi-
ties such as increasing requirements for the raw milk bought 
by dairy plants (according to the requirements of  the Euro-
pean Union), increasing hygienic standards in dairy plants, 
and using new packaging materials for milk. The introduction 
of  the HACCP principles in dairy plants and  improvement 
of the system are also important [Molska & Pałubińska, 2006; 
Ziarno et al., 2006]. Smigic et al. [2009] reported on the im-
provement in the microbiological quality of pasteurised milk 
eight months after HACCP implementation in a dairy plant 
in Serbia. The total plate count decreased from 3.11±0.30 to 
2.18±0.54 log CFU/mL. These changes resulted from addi-
tional investments covering pasteurisation unit, automated 
cleaning and disinfection system [Smigic et al., 2009].

Literature data indicates that heat treatment affects 
the sensory quality of milk. Milk subjected to the UHT pro-

cess has lower sensory quality and poorer fl avouring profi le 
with noticeable cooking note when compared to pasteurised 
products. For consumers, fl avour is  one of  the most sig-
nifi cant quality attributes owing to the overall acceptability 
of a food product. some consumers fi nd the fl avour of UHT 
milk to be undesirable [Zabbia et al., 2012; Clare et al., 2005].

In the present work, in order to compare the sensory profi le 
of market milk preserved at different temperatures, the milk 
samples with 2% of  fat were selected for further evaluation 
by the profi ling method. Results of this analysis (Figure 1) en-
able assuming that the odour profi le of the tested samples was 
dominated by the milk odour accompanied by the sweet note 
smell. Signifi cantly lower intensity of the milk odour was indi-
cated for the milk products which were preserved by microfi l-
tration and pasteurisation method, while higher intensity was 
found for milk preserved using high-temperature pasteurisa-
tion and UHT method. The tested milk subjected to microfi l-
tration and low pasteurisation was also characterised by low-
er intensity of  sweet and  creamy odour compared to other 
evaluated milk samples. Signifi cant differences in  the  inten-
sity of sweet smell were perceived between sample p4 MFLP 
(signifi cantly lower intensity) and  products preserved with 
the UHT method as well as sample p4 HP. Striking differ-
ences in the intensity of creamy odour were observed between 
all samples of microfi ltrated and pasteurised milk (p3 MFLP 
and  p4 MFLP – signifi cantly lower intensity) and  samples 
of UHT milk (p9 UHT and p10 UHT). The boiled milk aro-
ma was highly perceptible in products subjected to UHT pres-
ervation however, the signifi cant difference was observed only 
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FIGURE 2. Principal Component Analysis plot of similarities and differ-
ences of sensory profi ling characteristic of the milk samples containing 
2% of fat, preserved with different methods.

Explanatory notes: UHT – sterilised milk; HP – milk pasteurised at high tem-
perature; MFLP – milk subjected to microfi ltration and low pasteurisation. 
Tested attributes: o. – odour, t. – taste; f. – fl avor; o. sweet; o. milk; o. sour; 
o. of  boiled milk; o. creamy; o. rancid; o. untypical; colour; thickness; 
smoothness; t. sweet;  f. milk; f. of boiled milk; t. sour; t. bitter; o. rancid; 
f. untypical; overall quality.
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between sample p9 UHT and microfi ltrated and pasteurised 
milk (p3 MFLP, p4 MFLP). In the examined milk, sour odour 
intensity was very low and did not differentiate the samples. 
Moreover, the  rancid odour did not occur in  the  evaluated 
samples. UHT milk samples were characterised by intense co-
lour, but these differences were not signifi cant in comparison 
with the other tested samples.

All tested milk samples, irrespective of  the preservation 
method, were characterised by high smoothness, they differed 
however in terms of thickness perception. The most dense was 
UHT milk – the signifi cant differences, however, were found 
between p10 UHT sample and milk preserved by high pas-
teurisation (p2 HP, p4 HP) and microfi ltered and pasteurised 
samples (p3 MFLP, p4 MFLP). The taste profi le of evaluated 
milk, as well as odour profi le, was dominated by  the milk 
fl avour, accompanied by  a  sweet taste note. Microfi ltered 
and pasteurised milk had a  lower intensity of milk fl avour. 
Signifi cant differences in  the  intensity of  this attribute were 
found between p9 UHT and microfi ltrated and pasteurised 
milk (p3 MFLP, p4 MFLP). The intensity of sweet taste was 
slightly higher in samples of UHT milk but these differences 
were not statistically signifi cant. The  intensity of  the boiled 
milk’s taste was similar in all evaluated milk samples. Like 
in  the case of odour profi le, the  intensity of  sour taste was 
rather low and did not differentiate the samples in  taste pro-
fi le. There was no presence of bitter and rancid taste – attri-
butes that may adversely affect the sensory quality of the eval-
uated products.

The overall quality of evaluated milk was rated relatively 
high – in the range of 6.7 – 7.23 points. Samples of milk pas-
teurised at high temperature got the highest scores of the over-
all quality. Especially, the overall quality of p4 HP sample was 
signifi cantly higher compared to milk samples microfi ltered 
and pasteurised (p3 MFLP, p4 MFLP) and one of the UHT 
milk (p10 UHT). There was no difference in the overall qual-
ity between UHT milk and products preserved through micro-
fi ltration and low pasteurisation. 

Figure 2 shows a map of the PCA of similarities and differ-
ences in the sensory profi le of tested milk samples. The space 
on the map was determined by  the  fi rst two components, 
which explains more than 88% of the variability of the tested 
products. The overall quality was positively correlated with 
the milk and  sweet odour and  taste. Three clusters created 
by the samples on the PCA map can be observed, which in-
dicates signifi cant similarity between products included to 
the  same cluster. Each of  the cluster includes milk samples 
subjected to the  same heat treatment method. Samples 
of milk pasteurised at high temperature were located close 
to the overall quality vector and attributes positively corre-
lated with it. UHT milk was located near vectors of  cream 
and boiled milk odour and thickness, which refl ects the rela-
tively high intensity of these sensory attributes in the general 
profi le of  that milk in  relation to the other tested samples. 
The milk samples pasteurised by low pasteurisation and mi-
crofi ltration were located on the opposite side of the scheme, 
the lack of vector in the vicinity of the evaluated parameters 
may be noticed. This is due to the  fact that in  their aroma-
-taste profi le the intensity of evaluated parameters was lower 
or very close to the other evaluated samples.

The  infl uence of heating on milk sensory quality is sup-
ported by scientifi c research. UHT processing leads to the for-
mation of cooked fl avour in milk. Development of this fl avour 
is associated with the presence of a variety of sulfur-contain-
ing compounds including inter alia hydrogen sulfi de, dimethyl 
sulfi de, dimethyl disulfi de and dimethyl trisulfi de (all of which 
have extremely low detection thresholds). The higher heat se-
verity of UHT processing compared to pasteurisation causes 
a marked difference in the quantitative and qualitative com-
position of volatile sulfur compounds (VSCs) between UHT 
and pasteurised milk. A major reason for this is much greater 
extent of β-lactoglobulin denaturation in UHT milk. Pasteur-
ised milk contains also several VSCs, but most of them are at 
sub-fl avour threshold concentrations so they do not contrib-
ute to the fl avour of pasteurised milk [Al-Attabi et al., 2014; 
Zabbia et al., 2012; Clare et al., 2005].

The reactions of VSCs formation in milk depend not only 
on processing temperature but also on the  milk’s matrix, 
especially fat content. The cooked fl avour is more intensive 
in whole milk than in skinned milk, subjected to the same heat 
treatment. Milk fat globule membrane protein plays a signifi -
cant role in VSCs development, so the concentration of VSCs 
in whole UHT milk is higher than in skimmed milk. Generally, 
as the  fat percentage increases, the  concentration of VSCs 
increases and  the cooked fl avour is  intense [Al-Attabi et al., 
2014; Vazquez-Landaverde et al., 2005].

According to literature data, cooked fl avour is  the most 
intensive directly after thermal processing and gradually dis-
appears during storage, which corresponds to the decreased 
concentration of the VSCs. Cooked fl avour is replaced by an 
off-fl avour note characterised as stale. This is associated with 
the formation of methyl ketones via the thermal decarboxyl-
ation of β-keto acids as well as the initiation of lipid oxidation 
in the milk leading to an increase in the formation of aliphatic 
aldehydes during storage [Zabbia et al., 2012; Vazquez-Lan-
daverde et al., 2005; Valero et al., 2001]. 

CONCLUSIONS

Microbiological quality of  evaluated milk samples at 
the end of the storage period showed satisfactory microbio-
logical purity, which proves the effectiveness of the heat treat-
ment and absence of recontamination, as well as high-quality 
of  raw material. All tested milk samples were characterised 
by high sensory quality at the end of the storage period. There 
were no changes in  fl avour and  texture, indicating the  de-
velopment of  undesirable microfl ora. The  sensory profi le 
of tested milk varied among samples preserved with different 
methods (sterilisation, pasteurisation at high temperature, 
microfi ltration and  low pasteurisation). The most harmon-
ised overall quality was observed for milk samples preserved 
by high pasteurisation.
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