LD
& ?
SACTAZ Acta Sci. Pol. Technol. Aliment. 18(2) 2019, 185-193

www.food.actapol.net pISSN 1644-0730 eISSN 1898-9594 http://dx.doi.org/10.17306/J.AFS.2019.0653

ORIGINAL PAPER Received: 15.03.2019
Accepted: 11.06.2019

EFFECT OF DIFFERENT TEA EXTRACTS ON THE PHYSICOCHEMICAL
AND SENSORY PARAMETERS OF STIRRED PROBIOTIC YOGHURTS

Pawet Glibowski'™, Matgorzata Karwowska?, Agnieszka Latoch?,
Katarzyna Nosowska?, Kenneth O. Udeh'

!Department of Biotechnology, Microbiology and Human Nutrition, University of Life Science in Lublin
Skromna 8, 20-704 Lublin, Poland

’Department of Animal Raw Materials Technology, University of Life Sciences in Lublin

Skromna 8, 20-704 Lublin, Poland

ABSTRACT

Background. In yoghurt production, additives and flavours are added after the fermentation process, but in
the case of yoghurts with the addition of tea extracts all studies concern set-type yoghurts. For this reason,
the aim of this study was to analyse the effect of green, black, red (Pu-erh) and white tea extracts addition on
sensory characteristics, pH, viscosity and colour of stirred probiotic yoghurts stored for two weeks.
Methods. Skim milk powder (10% w/w), sucrose (4% w/w) and typical yoghurt cultures with the addition
of Lactobacillus acidophilus LA-5 were applied for yoghurt manufacture. Then yoghurts were stirred and 4,
8, 12% black, red, green and white tea extracts were added. The samples were analysed after 1, 3, 7 and 14
days of storage at 5°C. Instrumental colour (L*a*b*) determination, rheological measurements and sensory
evaluation were carried out.

Results. The pH analysis of the final yoghurt samples showed that the type and quantity of tea extract addi-
tion had little effect. Apparent viscosity was affected by 12% addition of tea extracts but not by storage time.
The instrumental analysis of the colour confirmed the visual assessment. Sensory evaluation revealed that
yoghurts with the addition of green tea extract were the most accepted. The addition of extracts made of red,
black and white tea resulted in lower values of all the sensory characteristics tested.

Conclusion. The stirring method can be applied to the production of probiotic yoghurts with various tea ex-
tracts. The acidity of the yoghurts was practically not affected by the addition of the infusion derived from the
different types of tea. 4% addition of tea extract did not affect the viscosity of the yoghurts. The best sensory
scores among tea yoghurts were obtained by yoghurt with 4% green tea addition.
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INTRODUCTION

Yoghurt is milk fermented by Streptococcus thermo-  that combines cultures of Streptococcus thermophi-
philus and Lactobacillus delbrueckii subsp. bulga- Ius and any Lactobacillus species (Codex Alimen-
ricus. Besides regular yoghurt, Codex Alimentarius tarius, 2011). However, many yoghurts available
contains the definition of alternate culture yoghurt on the market contain additional probiotic bacteria
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from the Bifidobacterium genus (Shah, 2011). From
a technological perspective, there are different types
of yoghurts: incubated in packages (set), incubated in
tanks and pumped to the packages (stirred) and those
stirred with a more sheared structure that are often di-
luted with fruit concentrate (drinkable) (Bylund, 1995;
Loveday et al., 2013).

The popularity of yoghurt results from its specific
taste as well as its nutritional value. Consumption of
yoghurt can influence the immune system and conse-
quently decrease the risk of some diseases such as can-
cer, gastrointestinal disorders and allergic symptoms
(Shokery et al., 2017). Moreover, yoghurt is a source
of high-quality protein, vitamins and mineral compo-
nents (Gahruie et al., 2015).

Infusion of tea leaves (Camellia sinensis) is one
of the most widely consumed beverages in the world,
mainly because of its aromatic and flavour benefits.
Tea infusions are a source of antioxidants, which can
reduce the risk of cancer and cardio-vascular diseas-
es (Michalak-Majewska, 2011). There are four main
types of tea: natural (white, green), partly fermented
(oolong or blue), post-fermented (Pu-erh or red) and
fully fermented (black) (Mo et al., 2008; Tong, 2005).
The nutritional merits of tea in conjunction with the
tendency of the consumers to find new flavour percep-
tions in yoghurt products have caused the emergence
of new tea-flavoured yoghurts, as well as researchers’
increased interest in developing yoghurts with the ad-
dition of tea extracts (Granato et al., 2018). To date,
yoghurts with the addition of mainly green tea extracts
or its lyophilisates have been studied (Amirdivani and
Baba, 2013, 2015; Donmez et al., 2017; Jaziri et al.,
2009; Muniandy et al., 2016; Najgebauer-Lejko et
al., 2014; Shokery et al., 2017), although some stud-
ies concerned the addition of black (Jaziri et al., 2009;
Muniandy et al., 2016), white (Muniandy et al., 2016)
and also red (Pu-erh) tea (Najgebauer-Lejko et al.,
2014). The most important finding from the above-
mentioned reports is that the addition of green tea
extracts to milk before fermentation positively affects
the growth of yoghurt microorganisms during fermen-
tation (Amirdivani and Baba, 2015). Furthermore, the
storage period does not change the microbial count of
streptococci and lactobacilli in comparison to plain
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yoghurt (Jaziri et al., 2009). Additionally, the level
of polyphenols present in tea yoghurts does not usu-
ally change significantly during the storage time and
the antioxidant properties of yoghurts are significant-
ly high, especially when compared to plain yoghurt
(Amirdivani and Baba, 2015; Muniandy et al., 2016).

Sensory analysis of yoghurts with the addition of
green tea did not reveal unequivocal results. Shokery
et al. (2017) reported that yoghurt without additives
shows better sensory parameters than that with green
tea, although the opposite results were obtained by
Amirdivani and Baba (2013). Many authors have car-
ried out rheological and textural analyses. Shokery et
al. (2017) reported no significant changes in viscos-
ity and firmness between plain and green tea yoghurt.
Donmez et al. (2017), when analysing 0.01, 0.02,
1 and 2% addition of green tea powder, recorded une-
quivocal rheological results during 14 days of storage.
Amirdivani and Baba (2013) showed better scores
for texture in green tea yoghurts than in the control.
These results were confirmed by Najgebauer-Lejko et
al. (2014), who showed that the index of viscosity, as
well as cohesiveness for green tea and Pu-her yoghurts
were significantly higher than for the control, although
analysis of consistency, as an outcome of back extru-
sion tests, showed no difference.

To the best of our knowledge, all articles available
in the databases describe set-type yoghurts with the
addition of tea extracts. In a typical yoghurt produc-
tion process, additives and flavours are added after the
fermentation process (Bylund, 1995; Loveday et al.,
2013), and nowadays most of the yoghurts available
on the market are of the stirred and drinkable type.
In the case of a set-type yoghurt, the addition of tea
extracts did not cause such a deterioration in quality
as to be rejected. The question remains how the ad-
dition of such extracts will affect the quality of pro-
cessed stirred yoghurts. Moreover, as far as we know,
until now no reports have compared the sensory and
rheological evaluation of processed stirred yoghurts
fortified with four different tea extracts. Due to this,
the aim of this study was to analyse the effect of green,
black, red and white tea extract addition on sensory
characteristics, pH, viscosity and colour of stirred pro-
biotic yoghurts stored for two weeks.
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MATERIAL AND METHODS

Materials

Skim milk powder (SMP) (SM Gostyn, Gostyn, Po-
land), sucrose (Polski Cukier, Torun, Poland), black
tea (Yunnan), green tea (Roger Sp. z o.0., £odz, Po-
land), white tea (Teekanne Kokotéw, Poland) and red
(Pu-erh) tea (BiFIX, Tuszyn, Poland) were purchased
from a local supermarket. All the teas used in this study
were leaf teas. The protein, lactose, and fat contents in
SMP were 35.7, 51.2, and 1.3%, respectively (manu-
facturer’s data). DVS ABT-1 culture (Lactobacillus
acidophilus LA-5, Bifidobacterium animalis subsp.
lactis BB-12, Streptococcus thermophilus TH-4) was
donated by Chr. Hansen (Poland).

Preparation of tea extracts

Samples of 25 g dry tea leaves were infused in static
in 210 ml of distilled hot water (100°C for black tea,
95°C for red tea, 85°C for green and white tea). The
temperatures used were based on the manufacturer’s
recommendations. After natural cooling for one hour,
the infusions, still containing tea leaves, were covered
with aluminium foil and stored at ambient temperature
for about 20 hours, until they were applied to yoghurt
after separating tea leaves on a sieve.

Yoghurt manufacture

The procedure was very similar to that described by
Glibowski and Rybak (2016). Briefly, milk powder
(10% w/w) and sucrose (4% w/w) were dispersed in
distillate water at 23°C with moderate mixing using
a magnetic stirrer. The dispersions were stirred and
homogenized in a laboratory homogenizer H 500
(Pol-EkoAparatura, Wodzistaw Slaski, Poland). After-
wards, the solutions were poured into flasks, and the
flasks were sealed with aluminium foil and pasteurised
in a water bath at 80°C for 30 min. Subsequently, the
solutions were cooled in tap water to 45°C and DVS
ABT-1 culture (Lactobacillus acidophilus La-5, Bi-
fidobacterium BB-12, Streptococcus thermophiles)
was added at a level of 0.015% (w/w). After that, the
solutions in flasks were sealed with aluminium foil,
incubated for 5 and stored for 19 hours at 45 and 5°C,
respectively, in a thermostatic cabinet. Then the yo-
ghurts were stirred with a laboratory spoon (Glibow-
ski and Rybak, 2016) and 4, 8, 12% tea liquid extracts
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(infusions without tea leaves) were added. Next, yo-
ghurts were stirred again, poured into plastic cylindri-
cal containers with a 35 mm inner diameter and the
lids were twisted on to prevent evaporation. The sam-
ples were analysed after 1, 3, 7 and 14 days of storage
at 5°C. Sensory analysis was carried out after 48 hours
of storage after production. The yoghurts were manu-
factured in three independent trials.

pH measurement
The pH was measured using aCP-401 pH-meter (El-
metron Sp. J., Zabrze, Poland).

Rheometry

Rheological measurements were conducted using
a Brookfield DV-II+ rheometer (Brookfield Engineer-
ing Laboratories, Middleboro, USA) equipped with an
S21 spindle. Apparent viscosity was measured at 9.3 s™!
shear rate for 120 s. For the analytical purposes, the
average value was calculated from the 90%, 105" and
120" second of the measurement (Glibowski et al.,
2008). All rheological data were collected and cal-
culated by Wingather V1.0 (Brookfield Engineering
Laboratories, Middleboro, USA).

Instrumental colour (L*a*b*) determination

The samples were evaluated for instrumental colour
using a spectrophotometer (Color Premiere 8200; X-
-Rite Inc., Grand Rapids, MI, USA). The analysis was
carried out according to Karwowska and Kononiuk’s
method (2018) with slight modifications. In brief, the
instrumental conditions were: 25.4-mm port size, D65
illuminant and 10° standard observer. Prior to colour
determination, the samples were wrapped in an air-
permeable polyethylene film. Each time before use,
the colorimeter was standardized against a white ce-
ramic calibration tile wrapped in the same polyeth-
ylene film used for the samples. Colour coordinates
were determined by applying the CIELAB system.
The results were expressed as L* (lightness/darkness),
a* (red/green) and b* (yellow/blue).

Sensory evaluation

Sensory evaluation was conducted using 16 semi-
trained panellists (graduate students of our university).
The panellists (non-smoking, 10 women and 6 men,
aged 23 to 25 yr old) examined the samples by tasting
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and recording their perceptions using nine-point grade
scores (1 — extremely dislike, 9 — extremely like).
Analysis of the 4 samples was performed in daylight,
during which 20 g of each sample was served in con-
tainers coded with random 3-digit numbers at a tem-
perature of approximately 12°C, and in a monadic
manner (Janiaski et al., 2016). They examined colour,
flavour, aroma, sweetness, sourness, consistency and
general acceptance (Baczkowicz et al., 2012; Gad et
al., 2010).

Statistical analysis

The rheological and colour measurements were com-
pleted in three independent trials. Each analysis was
performed in duplicate. All data were analysed by the
Statistical Analysis System (SAS Enterprise Guide
3.0.3.414) using ANOVA procedure for analysis of
variance and Student-Newman-Keuls t-test for rank-
ing the means. In the case of sensory analysis, the
mean values were taken from the grade scores record-
ed by the panellists.

RESULTS AND DISCUSSION

pH

Table 1 shows the pH value of the yoghurts after 3,
7 and 14 days of storage. The acidity of the yoghurts
with the addition of various teas was similar and after
three days of storage, the pH ranged from 4.67 to 4.74.
Even 12% addition of tea did not drastically change
the pH values. The time of storage significantly influ-
enced (P < 0.05) the pH of the yoghurts. After 14 days
of storage, the acidity significantly decreased, reach-
ing a pH in the range of 4.84-5.04. The acidity values
were slightly higher than those for typical yoghurt, i.e.
pH 4.5 (Bylund, 1995). Dénmez et al. (2017) previous-
ly reported changes in the pH values of yoghurt with
the addition of green tea powder similar to the results
presented in this study. They also showed no signifi-
cant differences between the concentration of additive
and the yoghurt pH. Jaziri et al. (2009) recorded that
storage time caused minor changes in the acidity value
of yoghurt. Shokery et al. (2017), when analysing the
impact of green tea addition to yoghurt, recorded a pH
above 4.5 within 15 days of storage. Acidity is one
of the indicators showing the microbiological activ-
ity of bacteria used for yoghurt fermentation. Previous
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Table 1. pH of yoghurts as an effect of storage at 5°C

Storage time, days

3 7 14
N 4.731+0.01 4.87%£0.01 4.84%£0.01
B4 4.69™ £0.01 4928 £0.01  4.94%% £0.01
BS 472m£0.02  4.96% £0.01 5.01°+0.01
BI2 474001 4.97%+0.01 5.042%0.01
R4 465 +0.02  4.90% +0.01 4.87% 0,01
RS 4670001 493001  4.93%+0.01
RI2  4.69™ £0.01  4.95%+0.01  4.96%+0.01
G4 4.68° +0.02 4.891 £0.01 4.87%%0.01
G8 471m™ 001 493001  4.94% =001
G2 4.69™ £0.01  4.94%e +0.01 4.9844+0.01
W4 4670001  4.91#10.01 4.881+0.01
w8 4670001 494001  4.96+0.01
W12 4.68°+0.01  4.96% +0.01 4.99% £0.01

Data are presented as means +standard deviation. Means with
different superscript letters are significantly different, p < 0.05.
N, B, R, G, W — represents plain yoghurt and yoghurts with
black, red, green, white tea addition, respectively, 4, 8, 12 —
percentage addition of tea extracts.

reports on the production of yoghurt with the addition
of tea have shown that the viability of yoghurt bacteria
is better than in yoghurts without tea (Amirdivani and
Baba, 2015). However, in the case of stirred-type yo-
ghurt, in which the addition of tea extract takes place
after fermentation, studies that showed no impact of
storage time on the number of streptococci and lac-
tobacilli are more important (Jaziri et al., 2009). We
can therefore assume that the number of yoghurt bac-
teria has not changed. Further studies are needed to
confirm these assumptions, because we used not only
typical yoghurt bacteria but also probiotic bacteria in
our research.

Apparent viscosity

The results of the apparent viscosity analysis are pre-
sented in Table 2. The addition of tea extracts to the
yoghurts decreased their apparent viscosity. Since the
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Table 2. Apparent viscosity of yoghurts as an effect of stor-
age at 5°C, mPa-s

Storage time, days

3 7 14
N 283bede 43 3350 £0 283bede +3
B4 2900 +34 273¢ef £33 249dei2hi 132
B8 253celehi 134 Q] 4ehikim £3] 197iim 125
BI2 2221 437 1834 428 156" +21
R4 259¢defeh 135 281bede +41] 2540t 198
R8 23] ¢k +3] 2434eiehi 143 2178k 421
RI2 204iKm £28 207"m 30 170'™ +19
G4 29104 +40) 263t +31 2500%2hi £19
G8 253t 433 232¢fehiik £32 2047m 129
G12 2017m £28 221k £29 167™ +21
w4 302 30 321% +£32 260¢ih 428
w8 2430ei2hi 127 2820t £34 2067Km £28
wi2 2180k £20 248¢fehi £36 182Km 115

Data are presented as means +standard deviation. Means with
different superscript letters are significantly different, p < 0.05.

yoghurts that were tested were obtained by the stirring
method and the addition of tea took place after yoghurt
fermentation, the recorded decrease in viscosity seems
obvious, especially at the 12% addition of extract.
However, in most cases, we did not notice significant
differences between 4 and 8% tea extract addition, nor
with 8 and 12%. Such a difference was seen between
4 and 12% addition.

In most samples, the storage time did not signifi-
cantly alter (P < 0.05) the apparent viscosity of yo-
ghurts, suggesting that the addition of up to 12% of'tea
extracts is feasible in industrial practice. Although we
recorded some decrease in apparent viscosity during
storage, all the yoghurts analysed were of good quality
throughout the storage period and revealed no syner-
esis (data not shown). These observations were partly
confirmed by visual assessment (Fig. 1) and sensory
analysis discussed later in the text. This indicates that
the addition of tea extracts can be applied in the pro-
duction of stirred yoghurts.
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To the best of our knowledge, available literature
contains only research concerning the rheological
analysis of set-type yoghurts. Shokery et al. (2017)
reported no significant differences in rheological prop-
erties of freshly made yoghurt with and without the
addition of green tea extract, but observed a significant
increase in viscosity after 15 days of storage. Simi-
larly, Najgebauer-Lejko et al. (2014), in their studies,
found an increase in the viscosity index of yoghurt
with the addition of Pu-erh and green tea extracts in
comparison to the control yoghurt, while Amirdivani
and Baba (2015) recorded lower viscosity of yoghurt
with the addition of tea, although the method used for
yoghurt production is not clear. Additionally, they re-
ported that the storage period had no significant effect
on yoghurt viscosity.

Colour parameters
Colour analysis showed that the lightness of yoghurt
without tea was the highest (Table 3). Increasing ad-
dition of tea extracts decreased the L* values of yo-
ghurts. The darkest yoghurts were made with the ad-
dition of black or red tea (Table 3, Fig. 1). The storage
time increased the lightness of the control yoghurt and
those with the addition of tea extracts. The similar ten-
dency with L* parameter was recorded by Najgebauer-
Lejko et al. (2014) and Shokery et al. (2017).

The a* parameter represents red and green colours.
As expected, the value of this parameter was negative
for yoghurts fortified with green or white tea extract,
which indicates a slight shift of colour in the direc-
tion of greenness (Table 4). Negative values were also
obtained for the control yoghurt, which is in good
agreement with the reports of Najgebauer-Lejko et al.
(2014). These authors presented results in which the
a* parameter increases along with increasing the con-
centration of green tea extract. The same relationship
was observed in our study (Table 4). The lowest value
of the coordinate a* relates to yoghurt without addi-
tives. An increase in the addition of green or white tea
extract paradoxically hinders the colour assessment,
although one could have expected the increased inten-
sity of greenness due to the presence of compounds
such as chlorophyll in tea leaves (Najgebauer-Lejko
et al., 2014). However, we observed that decreasing
the greenness increases the a* value due to a reduc-
tion in lightness (Table 3). Values showing a greater
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Table 3. L* (lightness/darkness¥) parameter of yoghurts as
an effect of storage at 5°C*

Storage time, days

3 7 14
N 7227%+0.02  74.76°+0.09  75.39*+0.09
B4 66.92m+126  69.024+034  69.88*+0.09
B8 64.33°£0.95  65.69"+0.48  66.54™ +0.22
BI12 6228 +1.08  63.39°+0.53  64.00°+0.29
R4 63.63°+1.09  65.82"+0.39  66.77" £0.20
R8 59.147+0.88 613094049  62.35+0.25
RI2 55.11'+2.00  57.89°+0.54  58.94'+0.21
G4 71.20%£0.72  73.74€+0.67  74.10* +0.09
G8 71.34% £0.62  72.82004£0.26  73.47%% +0.11
G2 71.044%£039  7230%+031 72.6 £0.13
w4 69.76%£0.70  71.99% £0.34  72.71¢+0.05
w8 69.289+1.01  70.589+0.35  71.15"+0.14
wi2 68.35'£0.43  69.415£0.28  69.85%+0.19

¥Positive and negative values indicate white and black,
respectively.

*Data are presented as means +standard deviation. Means with
different superscript letters are significantly different, p < 0.05.

share of red colour were of course recorded in the
case of red tea addition in each case, and black tea to
yoghurts containing 8 and 12% extract. The positive
values of the a* parameter suggest a shift toward a red
colour for yoghurts with the addition of either red or
black tea, probably because of theabrownin present in
the infusions of these teas (Najgebauer-Lejko et al.,
2014). The storage time reduced the absolute values
of the a* parameter and correlated evidently with the
increase in the lightness parameter. This phenomenon
can be attributed to the decreasing level of phenolic
compounds in yoghurts along with storage time, as re-
ported by Amirdivani and Baba (2015).

For yoghurts with the addition of black and red tea,
the b* values were significantly higher (P < 0.05) than
for yoghurts with the addition of green and white tea
(Table 5). The lowest b* value was recorded for the
control yoghurt. In most cases, the storage time did not
significantly change this parameter. Since the positive
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Fig. 1. Yoghurts with the addition of various tea extracts

b* values represent the yellow colour, some correla-
tion was found due to the presence of compounds af-
fecting the red colour. A similar dependence on tea yo-
ghurts was found by other authors (Najgebauer-Lejko
et al., 2014; Shokery et al., 2017).
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Table 4. a* (red/green*) parameter of yoghurts as an effect

of storage at 5°C*

Table 5. 5* (yellow/blue¥) parameter of yoghurts as an ef-
fect of storage at 5°C*

Storage time, days

Storage time, days

3 7 14 3 7 14
N ~2.77"+0.01 —2.40'£0.02  -2.37'0.01 N 6.249+0.28 6.99" £0.04 6.70° £0.01
B4 ~0.425+0.14  —0.17£0.06  —0.11/+0.03 B4 143574032 1437£0.09  13.98%+0.09
B8 1.38+0.19 1.25'+0.02 1.281+0.03 B8 18.66°+0.57  18.41<4+0.21 17.96¢ £0.05
BI2 2.675+0.14 2.45"+0.03 2.42"+0.03 BI2 21.69°+0.84  21.22%4027  20.76°+0.14
R4 3.077+0.10 2.84¢40.07 2.79:+0.05 R4 14.65¢+0.25 14.76:+0.19  14.497+0.01
R8 5.549£0.09 5.18¢+0.07 5.02¢ £0.05 R8 18.55¢ +0.23 18.67°£0.15  18.26 +0.14
RI2 7.51° £0.67 6.85° +0.09 6.57¢ +0.04 RI2  2126%+1.13  21.31%+021  20.75°+0.02
G4 ~2.59440.09  -2.14°40.04  —1.98%+0.02 G4 7.920+0.40 8.08° 0.11 8.05° +0.09
G8 —233140.10  —1.93%+0.06  —1.78"+0.03 G8 8.64" £0.22 9.28™ +£0.07 9.10m +0.12
G2 —2.077°£0.15  —1.74%+0.05  —1.63+0.04 G12 10275 £1.14 1023045  10.06*+0.09
W4 —157°+024  —1.45°+0.04  —1.36"+0.03 w4 9.94% +0.67 9.80%+0.07  9.64"+0.06
W8 105020  -0.76'+0.04  —0.72'+0.03 w8 11.24 +0.37 11.92 £0.06 11.74' £0.08
WI2  —0326£0.10  -020%+0.04  —0.22%+0.06 WI2  13230£0.10  13.63":+0.09  13.39"+0.09

¥Positive and negative values indicate red and green, respec-
tively.

*Data are presented as means +standard deviation. Means with
different superscript letters are significantly different, p < 0.05.

Sensory analysis

Sensory evaluation revealed that yoghurts with the
addition of green tea extract were the most accepted
(Fig. 2). The addition of extracts made of red, black
and white tea resulted in lower values of all the sen-
sory characteristics tested. Panellists indicated that yo-
ghurt with a 4% green tea extract was the best, while
yoghurt with a 12% addition of black tea extract was
less accepted. The lowest rated feature was sweet-
ness. This trait was influenced by the amount of ex-
tract added: the higher the percentage of tea extract,
the less sweet the yoghurt for the evaluator. However,
the consistency of the yoghurt was the highest-ranked
feature. Also, in this case, the amount of added ex-
tract influenced the perception of the discriminant: the
smaller the percentage of tea extract, the more desir-
able the yoghurt consistency. Due to the increase in
the percentage of extract addition, the panellists gave
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¥Positive and negative values indicate yellow and blue,
respectively.

*Data are presented as means +standard deviation. Means with
different superscript letters are significantly different, p < 0.05.

a lower score when evaluating taste and aroma. This
may be due to the bitterness generated by the tea in-
gredients in the yoghurt. Of all types of teas, black tea
contains a higher level of theaflavins and tearubigins,
which are responsible for bitter taste (Ost'adalova et
al., 2014), therefore yoghurt with the addition of this
extract faced the greatest disapproval of the panel-
lists. In the available literature, there are few studies
on sensory evaluation of yoghurt with the addition of
tea. Shokery et al. (2017) evaluated yoghurt with the
addition of green tea and reported lower scores than
for the control yoghurt. In contrast, opposite results,
apart from the texture assessment, were reported by
Amirdivani and Baba (2013), who showed that the ad-
dition of green tea increases the production of lactic
acid during lactose fermentation, which positively af-
fects the yoghurt’s taste.
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Fig. 2. Radar plots of sensory analysis of yoghurts with the
addition of various tea extracts

CONCLUSIONS

Based on the physicochemical analysis, it can be con-
cluded that the infusion derived from the different
types of tea, as well as their concentration, did not play
a noteworthy role in the acidity of the yoghurts tested.
The viscosity of yoghurts with the addition of 8 and
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12% tea extract was significantly lower compared to
those with a 4% addition and the control yoghurt. The
instrumental analysis of the colour confirmed the visu-
al assessment. Furthermore, the changes in the colour
intensity of formulated yoghurts correlated naturally
with the colour and concentration of fortified extracts.
However, conclusions from a sensory perspective
seem to be crucial, especially in the context of the in-
dustrial application of the analysed extracts. The sen-
sory results of our studies suggest unequivocally that
the best sensory scores were received by plain yoghurt
and the only additive commonly accepted by the pan-
ellist was the one fortified with green tea extract at the
4% concentration, the lowest examined.
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