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ABSTRACT

The aim of the study was to assess the sensory, physicochemical and microbiological quality of natural yoghurts
offered in the Szczecin market, provided by the three largest domestic producers. The following physiochemical
parameters were determined in the tested yoghurts: pH, titratable acidity, colour (CIEL a*, b*) and basic chemi-
cal composition. We assessed the appearance and colour, consistency and smell and taste of natural yoghurts. The
studies also included the number of cells of the desired and harmful bacterial microflora. The best sensory quality,
which consisted of colour, taste, smell, consistency and appearance was shown by yogurts with a high fat content.
The content of protein and fat found in the tested samples was in line with the standard, however a reduced sugar
content was observed. In all three tested products, no normative number of viable cells of desired bacterial micro-
flora was observed in two weeks before the expiration date. The hygienic quality of fermented products was very
good, and no presence of mould, yeast and Enterobacteriaceae bacteria was noted.
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INTRODUCTION

Yoghurts are one of the most popular dairy products on
the food market due to their biological and nutritional va-
lue [Brodziak and Kr6l 2016]. According to the definition
adopted by FAO/WHO, yogurt is a fermented milk pro-
duct obtained through acidifying milk with yoghurt bac-
teria cultures (Lactobacillus delbruecckii ssp., bulgaricus
and Streptococcus salivarius ssp. thermophilus). In case
of new generation yoghurts, also Lactobacillus acidophi-
lus and Bifidobacterium strains are added [Nowak et al.
2010].

At the moment of consumption, 1cm? of yogurt sho-
uld approximately contain 1x 107 of live microorganisms
[Kapka-Skrzypczak et al. 2012].

Health-related qualities and organoleptic features of
natural yoghurts like palatability, consistency or aroma
reflect their quality and play a leading role in the choice
of product by a customer.

The consumers find yoghurts to be a significant part
of the diet, as the annual consumption of yoghurts is esti-
mated at 7-8 kg per individual. Fruit yoghurts have the
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highest share in consumption, while the faster growth
rate of consumption is observed in segment of pota-
ble and natural yoghurts, which is related to the chan-
ging requirements and expectations of consumers [Rdj
and Przybylowski 2012]. Natural yoghurts are identified
as a “healthier” alternative to cream [Wichrowska and
Wojdyta 2014].

Production of fermented milk beverages is a com-
plex process and even slight inadvertences can cause pro-
duct defects. Proper selection of raw material and lac-
tic acid bacteria, use of top-quality additives, adherence
to the technological regime and ensuring the highest hy-
giene standards are crucial requirements that guarantee
a high organoleptic and physicochemical characteristics
of fermented milk beverages [Baranowska et al. 2010].
Therefore, it is necessary to understand and control the
factors that determine yoghurt quality, vital to meet the
expectations, needs and requirements of consumers.

For this reason, the aim of our study was to assess the
sensory, physicochemical and microbiological quality of
natural yoghurts offered by the three largest producers lo-
cated in Szczecin city market.
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MATERIAL AND METHODS

The research material included natural yoghurts purcha-
sed in retail trade in Szczecin. The yoghurts tested in our
research were produced by the three largest producers of
fermented beverages located in the Polish market. The
research material consisted of 90 yoghurts samples (30
separate packages of each producer) with a net weight of
150 to 180 g: brand I (1.5% fat), brand 11 (3.0%), brand III
(3% fat). All yogurts were purchased with a 14-day shelf-
life date. Yoghurts were stored in 4°C, in a refrigeration
cabinet. From of the each purchased batch of yoghurts of
a specific brand we took 10 packages for physicochemi-
cal assessment, 10 packages for sensory tests and 10 pac-
kages for microbiological analysis. Microbiological and
physicochemical tests were performed the next day after
purchasing.

The following physiochemical parameters were de-
termined in yogurt samples: pH, titratable acidity, colour
and basic chemical composition. The colour assessment
was carried out using the MiniScan XE Plus 45/0 ca-
mera, with a 31.8 mm diam. measuring port. We refer-
red to CIE L* a* b* scale, D65 illuminate and standard
10°C observer (CIE, 1976) were used. The pH measu-
rement was performed using a combined glass electrode
and a Cyber Scan pH meter. Evaluation of total acidity in
Soxhlet-Henkel grades was performed using the standard

Table 1. Five-point evaluation pattern [Pieczonka, 1995]

Tabela 1. Schemat oceny 5-punktowej [Pieczonka, 1995]

method (PN-75/A-86130, 1975). The acidity of exami-
ned products was determined at room temperature, and
the final result was the arithmetic mean of two parallel
measurements.

Additionally, the chemical composition of yoghurts
was determined: dry matter content, sugars, total protein
and fat [Kretowska-Kutas 1993]. The Kjeldahl method
was used to determine the total protein content, and the
fat content was measured with the Rose-Gottlieb method.
The Bertrand method was used to determine the content
of sugars (lactose). The dry matter content was determi-
ned by drying at 130°C.

Our study was also focused on microbiological eva-
luation of natural yoghurts. For the microbiological
tests, 1 gram of yogurt was transferred to 9 ml of
sterile saline. The suspension was shaken, and deci-
mal dilutions were made. One ml of suspension from
each of the dilutions was inoculated into the fol-
lowing media: MacConkey Agar, XLD Medium (to
identify Gram-negative Enterobacteriaceae bacteria),
Baird-Parker Agar (to identify Staphylococcus bacteria),
Edwards Medium (to identify streptococci) and MRS
Agar (to isolate Lactobacillus spp.). The cultures were
incubated under aerobic conditions at 37°C for 24 hours.
After that time the colonies were counted with considera-
tion to the previously made decimal dilutions (PN 93/A-
860334-08, PN 93/A-860334-15). The number of yeast

Point scale Quality feature

Skala punktow Cecha jakosci
Appearance and colour Consistency Smell and taste
Wyglad i barwa Konsystencja Smak i zapach

5 The colour is white or characteristic for ~Uniform, dense, slightly ductile, palpable Pure, aromatic, characteristic for yogurt
the used additives, with visible small small particles of additives and harmonized, slightly sour
particles Jednolita, gesta, lekko ciagliwa, Czysty, aromatyczny, charakterystyczny
Barwa biata lub charakterystyczna dla ~ wyczuwalne drobne czastki dodatkéw  dla jogurtu i zharmonizowany, lekko
uzytych dodatkéw, z widocznymi kwasny
drobnymi ich czastkami

4 The colour is white or less characteristic Uniform, dense, slightly ductile, palpable Pure, aromatic, characteristic for yogurt,
for the used additives, with visible single small particles of additives slightly sour
but too large particles Jednolita, gesta, lekko ciggliwa, Czysty, aromatyczny, charakterystyczny
Barwa biata lub mniej charakterystyczna wyczuwalne drobne czastki dodatkow dla jogurtu, lekko kwasny
dla uzytych dodatkow, widoczne
pojedyncze zbyt duze ich czastki

3 The colour is slightly changed, a large ~ Uniform, too thin, ductile, palpable Unclean, less characteristic, less
amount of too small particles larger particles of additives aromatic, sour
Barwa nieco zmieniona, duza ilo§¢ zbyt Jednolita, zbyt rzadka, ciagliwa, Nieczysty, mniej charakterystyczny,
stabo rozdrobnionych dodatkéw wyczuwalne wigksze czastki dodatkow  mato aromatyczny, kwasny

2 The colour is clearly changed Uniform, too thin, ductile, palpable Clearly changed, strongly acidic
Barwa wyraznie zmieniona larger particles of additives Wyraznie zmieniony, silnie kwasny

Jednolita, zbyt rzadka, ciagliwa,
wyczuwalne wigksze czastki dodatkow

1 Unusual colour, detestable appearance  Incomplete, whey drip Unusual, strange
Barwa nietypowa, wyglad odrazajacy Niejednolita, odciek serwatki Nietypowy, obcy
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and mould cells was determined in reference to the Polish
Standard (PN-93/A-860334-07). The results of all micro-
biological determinations were expressed as CFU/g.

Sensory analysis was performed with a five-
point scale according to Pieczonka [1995]: 1 point-
disqualifying rate, 5 points-very good rate. The appe-
arance, colour, consistency, smell and taste of natural
yoghurts were evaluated. Sensory analysis was carried
out by a five-person team verified in terms of sensory sen-
sitivity, according to PN-ISO-4121 [1998].

Statistical analysis of the results was performed with
the Statistica 10 software. We calculated the mean values
and standard deviation and carried out a one-way analy-
sis of variance. The Duncan test was used to estimate the
differences between the experimental groups.

RESULTS AND DISCUSSION

Sensory assessment

The results of organoleptic evaluation did not show sta-
tistically significant influence of the tested yogurt brand
on appearance, colour and consistency. In all the three
cases, the tested beverages were rated with the highest
score: 5.0 points (Table 1). All yoghurts were charac-
terized by white colour, and their consistency was uni-
form and dense, which proves a high quality of evaluated
yoghurts. The results stay in line with opinion of Shukla
and Jain [1991] and Fortuna et al. [2001] and, for whom a
good yogurt is characterized by a smooth surface, a firm
clot and a consistency with no clumps felt in mouth.

The tested yoghurts differed in taste and aroma (Table
1). Significantly the best taste (P < 0.01) was found in
brand II (4.83 points) as compared to brand III (4.65 po-
ints) and brand I (3.92). Fat content was related to the ta-
ste — the more fat there was, the higher was the taste rating
(Tables 1 and 3). Nevertheless, taste of all yoghurt sam-
ples was described as pure, aromatic and slightly sour. In
fragrance, the highest note (P < 0.01) was given to brand
III (4.65 pts), while the other two yoghurts (brand I and
IT) were rated identically (4.33 pts). It should be empha-
sized that the examined beverages were characterized by
an aromatic and characteristic fragrance.

Yoghurts owe their characteristic taste and smell pri-
marily to the products of lactic fermentation such as lac-
tic acid, acetaldehyde and acetoin [Biliaderis et al. 1991,
Kowal and Libudzisz 2000].

The examined yoghurts showed no variations in taste
and smell, and these parameters in all the tested samples
were appropriate.

Physicochemical evaluation

Titratable acidity of the examined fermented bevera-
ges ranged from 46.56 to 52.68°SH and there were no
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statistically significant differences between the samples
(Table 2). The values we measured were slightly higher
than those required by the Polish Standard PN-83/86061
(from 35 to 48°SH). In similar studies performed by
Wichrowska and Wojdyta [2014], the authors assessed
physicochemical quality of selected natural yoghurts of
various producers and found that all the tested yoghurts
represented a correct titratable acidity (from 38.1 to
44.25°SH) after 7 days of storage.

The lowest titratable acidity was found in the pro-
duct with 1.5% fat content (brand I), and the highest in
products with 3% fat content (brand II and III) (Table
2 and 3). Similar results were obtained by Bonczar and
Wszotka [2002], who showed that after fourteen days of
storage the highest titratable acidity characterized the fat-
free yoghurts. Change in acidity of yogurt results from
the presence of yoghurt bacteria in the final product,
which show diversified acidifying, proteolytic and lipoly-
tic activity. During the maturing and storage of yoghurts,
the bacteria use milk compounds, however, the rates and
ranges differ. As the shelf life of tested products was only
two weeks, we expected that the acidity of yogurt will
increase during the storage, which would be consistent
with the literature reports [Kisza et al. 1993, Imhof et
al. 1994, Bonczar and Wszotek 1997, Sady et al. 2007,
Cais-Sokolinska et al. 2009, Mituniewicz-Malek et al.
2010, 2013, Wichrowska and Wojdyta 2014]. According
to Mituniewicz-Malek et al. [2013] changes in the acidity
of acidified milk during refrigerated storage are caused by
fermentative activity of microorganisms included in ino-
culants, which in 4°C still digest lactose, although much
slower than in the optimal temperature recommended for
the growth of lactic acid bacteria.

The observed pH values were in accordance with the
standard. Brand I yoghurt had significantly (P < 0.01)
higher pH (4.43) than yoghurts of the other two brands
(4.48 and 4.49 for II and III, respectively) (Table 2). The
pH values measured in our study were similar to those
observed by Wichrowska and Wojdyta [2014] in yoghurts
from the retail trade after a weekly storage period.

The brightness of colour (L*) in tested natural yogurt
samples ranged from 93.77 to 94.34, and our statistical
analysis showed no significant differences in this para-
meter. According to R6j and Przybytowski [2012], natu-
ral yoghurts show the differences in brightness parameter
(L*) depending on the declared fat content, which howe-
ver has not been confirmed in this study. The a* parame-
ter (change in colour from green to magenta) took nega-
tive values for all the examined yogurt samples, ranging
from —1.50 to —2.21. The b* parameter (change in colour
from blue to yellow) took positive values for all the tested
samples of yoghurts in range from 9.76 to 11.03.

The brand I yoghurt was characterized by the highest
protein content (5.13%) as compared to brand II (4.72%)
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Table 1.

Sensory evaluation of yoghurts from 3 different producers (pts)

Tabela 1. Ocena sensoryczna jogurtow pochodzacych od 3 réznych producentow (pkt)

Producer
Trait Producent
Cecha I 11 I
X S X S X S
Appearance and colour, pts
Wyalad i barwa, pkt 5.00 0.00 5.00 0.00 5.00 0.00
Consistency, pts 5.00 0.00 5.00 0.00 5.00 0.00
Konsytencja, pkt
Taste, pis 3.92A 0.19 4.83B 0.24 4.65C 027
Smak, pkt
Aroma, pts 433A 0.48 433A 0.24 4.65B 027
Zapach, pkt
Letters A, B, C denote significant differences between experimental groups P <0.01.
Literami A, B, C oznaczono rdznice istotne na poziomie P < 0,01.
Table 2. Physicochemical evaluation of yoghurts from 3 different producers
Tabela 2. Ocena fizykochemiczna jogurtow pochodzacych od 3 réznych producentow
Producer
Trait Producent
Cecha I I 111
X S X S X S
pH 4.43A 0.02 4.48B 0.02 4.49B 0.04
Titratable acidity, °SH 46.56 0.54 49.32 038 52.68 0.54
Kwasowo$¢ miareczkowa, °SH
L* 94.04 0.14 93.77 1.03 94.34 0.03
a* -2.21 0.08 —-1.40 0.06 -1.90 0.03
b* 10.75 0.40 9.76 0.26 11.03 0.18
Letters A, B denote significant differences between experimental groups P <0.01.
Literami A, B réznice istotne na poziomie P < 0,01.
Table 3. Evaluation of chemical composition of yoghurts from 3 different producers
Tabela 3. Ocena sktadu chemicznego jogurtéw pochodzacych od 3 réznych producentow
Producer
Trait Producent
Cecha I 11 I
X S X S X S
0,
Dry matter, % 13.8 039 12.9 023 14.5 027
Sucha masa, %
Protein, %
Biatko, % 5.13 0.13 4.72 0.10 4.65 0.12
Sugars, %
Cukry, % 4.57 0.06 2.40 0.09 4.26 0.05
0,
Fat, % 1.43 0.03 2.97 0.05 2.65 0.06

Thuszez, %

and brand IIT (4.65%) (Table 3). Our measures of protein
content did not differ from those given by yoghurt pro-
ducers (Table 4), and were in accordance with the Polish
Standard (PN-A-86061: 2002/Az1).

The percentage of fat in evaluated yoghurts was close
to that declared by yoghurt producers on the product la-

bels (Table 4). The largest amount of fat was found in
brand II yogurt (2.65%), and the smallest fat content was
found in brand I sample (1.43%) which most probably
was the reason to the fact that the taste of this yogurt
was worse when compared to the other two. According to
Zbikowska and Zbikowski [1995], the higher fat content
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increases the final clot volume and limits syneresis, which
results in the consistency of yogurt being more attractive
to the consumer. In the tested yoghurts, the texture was
evaluated very highly regardless of the fat content (5 po-
ints). We found a decrease in sugar content in the tested
yoghurts (Table 3 and 4). The highest sugar content was
measured in brand I and III yoghurts (4.57% and 4.26%
respectively), in comparison to brand II yoghurt (2.40%).
Fluctuations in sugar content in the analysed yoghurts can
be explained by the fermentative activity of microorgani-
sms included in the inoculants, which at 4°C still digest
lactose [Cais-Sokoliiska et al. 2009]. The content of dry
matter in the tested yoghurts ranged from 12.9% to 14.5%
(Table 3).

Microbiological quality

Microbiological analyses were made the next day after
the purchase, and the yogurts were about two weeks of
shelf life. The highest content of Lactobacillus bacteria
was recorded in brand III yoghurt: 9.8x10° CFU - g1,
In the other two brands, the content of Lactobacillus was
similar and ranged from 9.3x10° CFU - g1 to 9.4x10°
CFU - g7! (Table 5). The number of Streptococcus bac-
teria was also determined in the examined yogurts. The
number of these bacteria present in the samples right
after the purchase was from 4.48x10° CFU - ¢! to
5.8x103 CFU - g~!. No infections with moulds, yeasts
and Enterobacteriaceae bacteria were observed.

Table 4. Chemical composition of yoghurts declared by the

producer on the product label

Tabela 4. Sklad chemiczny jogurtéw deklarowany przez pro-
ducenta na etykiecie

Trait Producer — Producent

Cechy I I 11
Protein, % — Biatko,% 5.1 49 4.6
Sugars, % — Cukry, % 7.3 4.2 5.8

Fat, % — Thuszcz, % 1.5 3.0 3.0
Table 5. Microbiological quality of yoghurts from 3 differ-

ent producers, CFU - g

Tabela 5. Jako$¢ mikrobiologiczna jogurtéw pochodzacych
od 3 réznych producentdw, j.tk. - g™

Microorganisms Producer — Producent
Drobnoustroje I I I
Lactobacillus 9.30 x 10° 9.40 x 10° 9.80 x 10°
Streptococcus 4.83 x 10° 2.80 x 10° 5.80 x 10°
Candida - - -
Aspergillus - - -

Enterobacteriaceae - - _

www.asp.zut.edu.pl

Fermented milk beverages should be characterized
with an appropriate content of live typical (and possi-
bly additional) cells in the final shelf-life. The require-
ments of FAO/WHO and FIL/IDF expect their minimal
concentration at 10’ CFU - g‘1 [Kudetka 2005]. In all
the tested brands, there was no normative number of live
cells noted two weeks before the expiration date. This re-
sult is not consistent with the studies on the quality of
natural yoghurts in the Warsaw market by Orzechowska
et al. [2002]. These authors report that the number of
Lactobacillus bacteria below the normative value of 107
was found in 40% of the tested natural yoghurts, and
in Streptococcus bacteria, only in 10% of the products.
Sosnowska and Kurek [2012], analysing the quality of
natural yoghurts in the Lublin market, noted that all the
tested products contained the required number of live
cells typical for the yogurt microflora, and in many pro-
ducts this number exceeded the required quantity by 2-3
orders of magnitude. Also Pluta et al. [2001] analysing
the quality of natural yoghurts on the domestic market in
1995-2001 showed that in 97% of the tested samples the
characteristic microflora occured in the number of 107.
Kycia and Krysinski [2014], who assessed the microbio-
logical and hygienic quality of goat milk yogurts also
showed that 84.3% of the tested samples met the require-
ments for the number of typical yoghurt microorganisms,
specified in the Codex Alimentarius standard, throughout
the shelf life of the products.

The viability of lactic bacteria in fermented and cool-
stored milk depends on many factors, including the time
and temperature of fermentation, storage conditions of
the final product, its acidity, content of dry matter and
sugars, access to bacterial nutrients, presence of oxygen,
and the type and species and strain of lactic acid bacteria
used in fermentation Mituniewicz-Matek et al. [2013].

Studies performed by many researchers clearly de-
fine that storage time affects the number of microflora
typical for yoghurts. Sady et al. [2007] showed that le-
vels of L. bulgaricus and S. thermophilus increased sli-
ghtly up to the 3rd day of storage, and then decreased
to the lowest level on day 14th. In addition, they obse-
rved that the number of bacilli was decreasing slower
than streptococci. In fresh products, the ratio of L. bulga-
ricus to L. thermophilus was 1:1.46, while after 14 days
it changed into 1.23:1. This change is related to the ad-
vancing acidification that happens during the cool storage
(S. thermophilus is less tolerant to high acidity). Similar
results were obtained by Laye et al. [1993] and Beal et
al. [1999], whereas Kneifel et al. [1993] and Barrantes
et al. [1996] did not observe any significant changes in
the number of bacteria during yoghurt storage. Moreover,
Cais-Sokolifiska and Pikul [2001] reported the effect of
storage temperature on a decrease in the number of lac-
tic acid microorganisms. The number of cells was decre-
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asing slower in yogurt stored at 6 =1°C in comparison to
when it was stored at a higher temperature (10 +1°C).

CONCLUSIONS

1. The best sensory quality, which consisted of colour,
taste, smell, consistency and appearance was found
in brand II and IIT yoghurts, with a high fat content
(about 3%).

2. The active acidity of all the tested yoghurts was pro-
per and ranged from 4.43 to 4.49.

3. The titratable acidity of brand II and III yoghurts
ranged from 49.32 to 52.68°SH, and was not con-
sistent with the Norm.

4. The measured content of protein and fat in the tested
samples yoghurts was proper, however a reduced su-
gar content was observed.

5. In all the tested products of three brands, no norma-
tive number of live cells was recorded two weeks
before the expiration date.

6. The hygienic quality of all the fermented products
was very good, and no presence of mould, yeast and
Enterobacteriaceae bacteria was noted.
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OCENA JAKOSCIOWA JOGURTOW NATURALNYCH DOSTEPNYCH W HANDLU DETALICZNYM

STRESZCZENIE

Celem badan byta ocena jakoSci sensorycznej, fizykochemicznej i mikrobiologicznej jogurtéw naturalnych obec-
nych na rynku szczeciiskim, pochodzacych od trzech najwigkszych producentéw krajowych. W zakupionych jo-
gurtach oznaczono nastgpujace parametry fizykochemiczne: pH, kwasowo$¢ miareczkowa, barwe (CIEL a*, b*)
oraz podstawowy sktad chemiczny. Oceniono wyglad i barwe, konsystencjg, zapach i smak jogurtéw naturalnych.
Badania obejmowaty réwniez ilo§¢ komérek zywych mikroflory pozadanej i szkodliwej. Najlepsza jakoScia senso-
ryczna, na ktdra sktadata si¢ barwa, smak, zapach, konsystencja i wyglad charakteryzowaty si¢ jogurty o wysokiej
zawarto$ci ttuszczu. Oznaczona w ocenianych jogurtach zawarto$¢ biatka i tluszczu byta zgodna z norma, nato-
miast odnotowano obnizong zawarto$¢ cukru. We wszystkich badanych produktach trzech marek, nie odnotowano
normatywnej liczby zywych komérek mikroflory pozadanej, na dwa tygodnie przed uptywem terminu waznosci.
Jako$¢ higieniczna produktéw fermentowanych byta bardzo dobra, nie odnotowano obecnosci plesni, drozdzy oraz
bakterii z rodzaju Enterobacteriaceae.

Stowa kluczowe: jogurt naturalny, jako$¢: fizykochemiczna, sensoryczna, mikrobiologiczna.
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