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Abstract

Zlatev, Z., 1. Taneva, S. Baycheva and M. Petev, 2018. A comparative analysis of physico-chemical indicators and
sensory characteristics of yogurt with added honey and bee pollen. Bulg. J. Agric. Sci., 24 (1): 132-144

The research presents the main physico-chemical characteristics of the analyzed yogurt with or without the addition of
honey and bee pollen. An analysis is made of the possibility to predict the organoleptic indicators of yogurts with and without
supplements honey and bee pollen using basic physical and chemical indicators. From the comparative analysis between the
created yogurts and those distributed commercially is established that the use of honey up to 5% and pollen up to 0.4% im-
proved organoleptic and physico-chemical properties of the final product. The results of these analyzes are confirmed by data

found in the literature.
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Introduction

The functional foods are among the new trends in the sci-
ence of healthy nutrition. In recent years, the group of function-
al foods as products with a specific beneficial effect on human
health, there is a growing share in the food industry. Worldwide
production of functional food accounts for about 10% of total
food production. The concept of positive (healthy, functional)
feed set the beginning in the early 1980s in Japan, where is
gained great popularity of the so called functional products.

The European association for Food Safety (EFSA) de-
fines two types of health claims in relation to the supply of
functional foods — Increased physiological function and re-
duction in the risk of disease.

The production of functional foods in Bulgaria are car-
ried out in accordance with the Law on Food of 1999 and
Regulation Ne47/2004 of the Bulgarian Ministry of Health,
the requirements for the food additives and the forms that
can be used.

There are very close in meaning definitions of the term
functional food offered by various research teams. The Insti-
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tute of Medicine’s Food and Nutrition Board defines functional
foods as “Any food or food ingredient that may provide a health
benefit beyond the traditional nutrients which it contains.”

To avoid abuse by manufacturers and retailers with the
quality of functional foods, the Council of Ministers of the
European Union (EU) adopted a regulation on nutrition and
health claims on foods. This regulation deal with all ques-
tions about functional foods, their advertising and providing
to the attention of consumers.

The researchers (Lomova et al., 2014) define three main
qualities that must have functional products:

» Pleasant taste;

» Positive physiological effect on the human body;

» To have nutritional value.

The known literature and research data regarding func-
tional foods and their beneficial impact on various aspects
of human health can be summarized in two main directions:

» Effect on various physiological processes and metabo-
lism in the human body;

» Influence on the balance of the microflora in the gas-
trointestinal tract.
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For centuries the milk and milk products are used as di-
etary, prophylactic and therapeutic food. They represent a
major part of the so-called “functional foods”. By biotech
processing not only of carbohydrates, but protein in cow’s
milk and the addition of plant carbohydrates, fiber, etc., can
be obtained functional foods included in the diet shortens the
recovery period in severely ill.

The above described is reason to propose the creation of
new functional milk-based products (yoghurt) containing
bioactive supplements.

Lately conducted increasing number of research on the
production of Bulgarian yoghurt with various additives. The
aim is to improve the organoleptic and medicinal properties
of milk (Mladenov et al., 2015).

The purpose of this article is to make a comparative anal-
ysis of the sensory characteristics of functional dairy prod-
ucts (yoghurt) with the addition of bee products.

The paper is organized in the following order: A review
was made of some research on functional foods yoghurt with
apiculture products. Indicated are the material and methods
used in the study. Presented are the results for physico-chem-
ical and organoleptic indicators of the the studied products.
The data are processed and was made a comparative analysis
of the results with those known from the literature.

Related work

The study and application of natural raw materials, their
optimal qualitative and quantitative combination are essen-
tial for the development of functional products. There are
different technological methods for the preparation of yo-
ghurt with the addition of honey and bee pollen.

Functional yoghurt with added honey

Varga L. (Varga, 2006) demonstrate that the addition of
honey in yoghurt, in an amount of 1 to 5% does not affect
the viability of the bacteria Streptococcus Thermophilus and
Lactobacillus. The amount of honey has no influence on the
sensory characteristics, the active acidity and final products
in lactic acid fermentation and during storage of the milk for
six weeks.

Sert D. et al (Sert et al., 2011) tracked the effects of sun-
flower honey on physico-chemical, microbiological and sen-
sory characteristics of yoghurt during storage in refrigeration
conditions. The water activity decreases according to the ad-
dition of honey with a higher concentration at the time of
storage (4°C). At the end of fermentation, the pH values of
the yoghurt range from 4.33 (no honey) and 4.52 (adding
honey up to 6%). The addition of honey in the the yoghurt,
affects the viability of starter cultures during fermentation
and during storage of samples of yoghurt.

Rashid A. and Er.Thakur (Rashid et al., 2012) after re-
search and analysis concluded that Lactobacillus bulgaricus
and Streptococcus Thermophilus retain their viability, with the
addition of honey in yoghurt in quantities of 5, 10, 15 and
20%. Of all the samples yoghurt that obtained with the addi-
tion of 5% honey was evaluated with the highest organoleptic
and sensory indicators.

Similar analyzes were made by Bakr I. et al. (Bakr et al.,
2015). The authors show that addition of 5% honey of fennel
in yoghurt, improve the physico-chemical parameters of the
product, increasing its sensory and organoleptic evaluation.

It has been found that high amounts of bee products in
milk (honey, royal jelly and bee pollen), influence on other
vital activity of lactic acid bacteria. The amount of more than
5% honey slows the vital activity of Lactobacillus bulgari-
cus in yoghurt, after the third day of storage. High amounts
of bee pollen over 0.1% inhibitory act on the vital activity
of Streptococcus Thermophilus (Lomova et al., 2014). De-
creased consumption of polyunsaturated fatty acids of the
omega-3 series leads to increased incidence of various dis-
eases in humans. These fatty acids are highly susceptible to
oxidation and their incorporation into foodstuffs such as yo-
ghurt requires the addition of antioxidants.

Murage W. et al. (Murage et al., 2016) showed that honey
and ascorbic acid are good natural antioxidants that prevent
lipid oxidation of omega-3 fatty acids added to yoghurt.

The bee pollen and other bee products are gaining more at-
tention as a feed additive due to its high content of carbohydrates
(30-50%), proteins, amino acids (25-30%) and lipids (1-20%).

Functional yoghurt with added bee pollen

Khider M. et al. (Khider et al., 2013) investigated bee
pollen derived from a variety of plant sources such as corn,
clover (Trifolium alexandrinum), and date palm (Phoe-
nix dactylifera). They proved that bee pollen supplements
in milk, reduce fermentation time, increase the content of
polysaccharides enhance the growth of the starter culture.
The resulting yoghurt with added bee pollen from corn im-
proves texture, reducing syneresis and has a pleasant taste
and aroma, while pollen from clover and date palm give the
milk sweet taste. Highs and evaluation of aroma and flavor is
found in yogurt with added 1% bee pollen.

Lomova N., et al. (Lomova et al., 2014) showed that
moisture and particle size of bee pollen influence techno-
logical and organoleptic properties of the yoghurt. A good
parameters are obtained when the moisture of the bee pollen
is of 2 to 4% and a particle size up to 10 um. It also showed
that bee pollen irradiated in advance with bactericidal lamps
before adding it to milk reduces the risk of contamination of
the product with unwanted microflora.
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The enrichment of the fermented milk beverages with
bee pollen change the course of the fermentation process,
the number of viable bacteria and rheological properties of
the products. The addition of 5-7.5 mg/L in milk has better
acceptability by consumers (Yerlikaya , 2014).

From the review of the investigated research related to
the creation of the yoghurt with added honey and bee pollen
can be concluded that:

» In order to improve the physico-chemical and organo-
leptic parameters of products can be a comparative analysis
of the yoghurt distributed commercially and that obtained
with the addition of honey and bee pollen;

» In the reviewed publications in analysis of taste evalu-
ations of the yoghurt with added honey and bee pollen, the
following methods of analysis: Analysis of variance; Prin-
cipal component analysis; Partial least squares regression;
Generalized Procrustes analysis; Tucker analysis; Parallel
factor analysis; a Hierarchical cluster analysis, and combina-
tions of these methods;

» In an analysis of the sensory data have been used Cor-
respondence analysis, through which data from the tasting
evaluation shall be presented in a new feature space and ana-
lyzed the proximity of the samples to the appropriate organo-
leptic indicator.

» In processing the results of a taste evaluation, can be
used the method of “Partial least squares regression”. The
method is suitable for predicting the organoleptic perfor-
mance through data on physicochemical parameters of the
test product as pH, titratable acidity, dry matter content, wa-
ter content (Mladenov et al., 2015).

» There are no known studies relating to the creation of
the yoghurt with added bee products from Bulgarian sources.
This is a prerequisite to do research on the impact of the ad-
dition of such products in yoghurt and their impact on the
physico-chemical and organoleptic parameters. The results
of these analyzes can be compared with those of other for-
eign studies found in the literature and indicate guidelines
for their application in practice.

Material and Methods

Dairy products used in the study

For the purposes of the study used fresh milk purchased
commercially. By dairy analyzer “Milk Analizer Master”
with serial number 19161, are determined its physico-
chemical indicators. The results of this analysis are shown
in Table 1.

The functional dairy products (yoghurt) are produced by
classical technology for Bulgarian yogurt (BNS 12:2010)
(BNS, 2010).

Table 1
Physico-chemical indicators of milk

Indicator | Fresh cow’s milk
Temperature, °C 30.48
Fat content, % 3.60
Non-fat solids 8.90
Density 1.03
Protein 3.20
Salt content, % 0.70
Water content, % 0.00
Freezing Point, °C 0.56

For the purposes of the study have been used bee prod-
ucts — honey (corresponding to BNS 2673-89) and bee pol-
len from Bulgarian producer (Decree Ne9, 2005 (Decree,
2005), purchased commercially.

It is used freeze-dried starter culture of a manufacturer
from Bulgaria (Lactina, 2016) containing local strains of lac-
tic acid bacteria from the group of Streptococcus thermophi-
lus and Lactobacillus delbrueckii ssp. Bulgaricus.

For purposes of the analysis were purchased eight yo-
gurts from Bulgarian producers that use technology accord-
ing to BNS 12:2010. For these samples differences in terms
of net weight as measurement and compared to the marking
of packages vary to a minimum.

Determination of physico-chemical and organoleptic
properties of dairy products

Of functional dairy products and yoghurt commercially
available are determined the following physico-chemical pa-
rameters:

» Titratable acidity — BNS 1111-80;

» Active acidity — by pH meter (Laboratory pH meter,
2017) (Laboratory pH meter MS 2006) equipped with an
electrode (pH electrode Sensorex, Garden Grove, CA, USA);

» Dry matter, % (Dimitrov et al., 2012);

» Vitamin C, mg/100g — GOST 3062.2-98 (GOST,1998);

» Electric conductivity, mS.cm™ — by conductivity meter
DM-750 (Conductivity meter, 2017);

» Organoleptic analysis — performed is of eight-grade
scale. In the organoleptic analysis participate sensory panel
of nine panelists who are not separated by gender and age.
Designated organoleptic indicators are: Colour, Surface,
Type of the coagulant, Sectional structure, Consistency after
breaking, Taste and flavor, Aftertaste.

Statistical analysis

Data analysis was made by the following methods:

» Correspondence analysis (CA) (Kazlacheva, 2011).
For realization of this method is used graphical user inter-
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face a library in Matlab, developed by Lorenzo-Seva et al
(Lorenzo-Seva et al., 2016);

» Partial least squares regression (PLSR) (Mladenov et
al., 2015). The method is used to predict the sensory data
by physico-chemical parameters according to BNS 12:2010;

» An indicator of the consistency of the tasting evalua-
tions is the coefficient of variation (CV) (Kazlacheva, 2011;
Mladenov et al., 2015).

Results and Discussion

Physico-chemical analysis of the products

A comparison was made between the physico-chemical
and organoleptic parameters of the resulting functional yo-
ghurts (with honey and pollen) with yoghurt from different
manufacturers purchased commercially. The obtained results
are given in Tables 2, 3 and 4.

From the results it is clear that yoghurt with added honey
on physico-chemical parameters did not differ significantly
from those purchased commercially.

In the yoghurts created with the addition of bee pollen is
observed low levels of titratable acidity.

This is probably due to the inhibitory action of bee pollen
on the vital activity of Streptococcus Thermophilus and Lacto-
bacillus bulgaricus, and hence on the proper conduct of lactic
acid fermentation. This is confirmed from the data found in the
literature (Lomova et al., 2014; Maksimenkov et al., 2016).

Results from organoleptic evaluation of the investigat-
ed products

Organoleptic assessment is carried of purchased yoghurts,
as well as those obtained with the addition of honey and pollen.
Table 2
Physico-chemical indicators of yogurt with added honey

Table 4
Physico-chemical indicators of yogurt purchased com-
mercially

Sample | Titratable Active Dry matter, Electric
acidity, acidity, % conductivity,
°T pH mS.cm™!
Ne 1 102.00 4.18 12.82 6.19
Ne 2 86.00 4.50 12.40 591
Ne 3 100.00 4.20 12.60 7.34
Ne 4 101.00 4.12 12.60 6.25
Ne 5 106.00 4.14 12.65 6.29
Ne 6 113.00 4.14 12.80 7.26
Ne 7 120.00 4.41 12.80 7.08
Ne 8 122.00 4.10 12.80 6.29

Table 5 lists the statistical parameters of organoleptic
data for yoghurt distributed commercially. It is seen that in
sample 2 and sample 5 has a significant difference in the
opinions of evaluators. Only in indicator colour for these two
samples, the coefficient of variation is less than 30%.

Table 6 provides statistical parameters of organoleptic in-
dicators of the yoghurt with different percentages of honey.
Indicated are mode, average values, standard deviation and
coefficient of variation. From the analysis of the obtained
data it is established that a coefficient of variation of the
opinions of tasters over 30% in a control sample with indica-
tor “aftertaste” and yoghurt with added 15% honey in the
indicator “surface”.

In Table 7 are inflicted statistical parameters of the organ-
oleptic indicators of the yoghurt with different percentages
of bee pollen. Indicated are mode, average values, standard
deviation and coefficient of variation.

Sample Titratable acidity, Active acidity, Dry matter, Vitamin C, Electric conductivity,
°T pH % mg/100g mS.cm™
Control 110.00 4.40 12.80 0.08 12.83
Sample with 5% honey 90.00 4.40 12.60 0.35 13.05
Sample with 10% honey 96.00 4.40 12.60 0.65 13.51
Sample with 15% honey 98.00 4.48 12.80 0.85 13.79
Table 3
Physico-chemical indicators of yogurt with added bee pollen
Sample Titratable Active acidity, Dry matter, Vitamin C, Electric conductivity,
acidity, °T pH % mg/100g mS.cm’
Control 60.00 4.44 12.60 0.10 12.07
Sample with 0.4% bee pollen 65.00 4.43 12.70 0.45 11.03
Sample with 0.6% bee pollen 60.00 439 12.85 0.60 12.49
Sample with 0.8% bee pollen 65.00 4.45 12.85 0.95 13.90
Sample with 0.4% bee pollen and Agar-agar 61.00 4.46 12.80 0.50 14.89
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Table 5
Statistical parameters of organoleptic data for commer-
cially available yoghurts

Table 6
Statistical parameters of organoleptic data of yoghurts
with honey
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mean — average value; mode — mode of the data; SD — standard deviation;
CV — coefficient of variation, %

From the analysis of the obtained data it is established
that a coefficient of variation of the opinions of tasters below
30% is only the control sample in all of the indicators.

By the indicator “colour” is the sample with 0.8% bee
pollen which has a coefficient of variation in the opinions of
tasters below 30%.

5
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mean — average value; mode — mode of the data; SD — standard deviation;
CV — coefficient of variation, %

15% honey 10% honey 5% honey  Control

By indicator “type of coagulant” samples with 0.8% bee
pollen and 0.4% with agar are up to 30% coefficient of varia-
tion.

By the indicator “Consistency after breaking” the sam-
ples with 0.4% bee pollen and this with agar-agar have coef-
ficient of variation up to 30% in the opinions of tasters.

By the indicator “taste and flavor” samples with 0.8% bee
pollen and 0.4% of agar are up to 30% coefficient of variation.

Data from an organoleptic evaluation of the yoghurt com-
mercially available by method “Correspondence analysis”

The results of the data analysis are presented in Figure 1.
The graphs show the strength of relationships between the
samples of analyzed yoghurt and various organoleptic indica-
tors based on Correspondence analysis. The closer the indi-
cator is designated to a particular sample, the stronger is the
relationship between them.

Conversely, the more apart from each other is an indica-
tor from the sample, the weaker is this indicator in particular
sample. The closer to the origin of the coordinate system are
given metric and the sample, the more frequently they occur
in the study.



A Comparative Analysis of Physico-Chemical Indicators and Sensory Characteristics of Yogurt... 137

Table 7
Statistical parameters of organoleptic data of yoghurts
with bee pollen
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mean — average value; mode — mode of the data; SD — standard deviation;
CV — coefficient of variation, %, BP — bee pollen; AA — Agar-agar

By the analysis is established that the second and sixth
sample differ in all its organoleptic properties of the other
samples. The remaining samples with indicators grouped
around origin of the coordinates, indicating that they have
the same values of the indicators.

Using statistical parameter mode — the value that occurs
most in those from tasters estimates. The results show that
sample 2 is diverted by the organoleptic characteristics of
the other samples.

Data from an organoleptic evaluation of the yoghurt
with added honey by method “Correspondence analysis”

Figure 2 presents the results of the data analysis by meth-
od ,,Correspondence analysis“. Using average value of the
data is found that the control sample differs significantly by
organoleptic indicators of the remaining samples, which is
incorporated in different percentage amount of honey. By the
graph is also observed that all the samples differ significantly
in indicator “aftertaste”.

Mode of data from organoleptic evaluation, as in the
use of the average value, and here the control sample
also differ on characteristics of the other samples. In the
same way differences can be observed in indicator “af-
tertaste”.

Data from an organoleptic evaluation of the yoghurt
with added bee pollen by method “Correspondence anal-
ysis”

Figure 3 presents the results of the data analysis by
method “Correspondence analysis”. Using average values of
the data from organoleptic evaluation, the control and the
sample with 0.6% of supplement differ in indicators from the
other samples. By the indicator “colour” there are significant
differences between the samples analyzed.

Using the mode of the data is observed grouping of the
samples around individual indicators. The control sample
and that of 0.4% addition of bee pollen and 0.4% and agar
are the best indicators “surface” and “colour”. The sample
with 0.6% supplement is of best indicators “taste and flavor”,
“type of the coagulant” and “Consistency after breaking”.
With good “Consistency after breaking “ is a the sample of
0.8% addition of bee pollen.

Prediction of the organoleptic characteristics of yo-
ghurt by physico-chemical indicators

Figure 4 shows the predictive models, as determined by
the method ,,Partial least squares regression” (PLSR) using
7 principal components. The PLSR method is used to predict
the quality indicators according to BNS 12:2010 set by the
tasters using measurements titratable acidity, active acidity
and electric conductivity.

By processing the data obtained the required number
of principal components that are sufficient to describe the
data in order to predict as the criterion was adopted re-
gression coefficient R? and determined the smallest num-
ber of components after which this ratio remains at a con-
stant value. The data presented can be described with 4 to
6 main components. Discussed are only those indicators
where the regression coefficient is more than 0.65. For the
remainder, this coefficient has values R?= 0.31-0.47 and
they are not taken into account. The results of this analy-
sis are presented in Table 8.

The table shows that the organoleptic indicator ,,Con-
sistency after breaking” can be predicted up to 71% using
average values of physico-chemical indicators: electrical
conductivity, acidity active and titratable acidity. The organ-
oleptic indicator “Surface” can be predicted with an accura-
cy of 0.79%, using physical indicator electrical conductivity
of the yogurt.
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Fig. 1. Results of Data processing of organoleptic data by method “Correspondence Analysis” for commercially avail-
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a) By mean value of the organoleptic data; b) By mode of the organoleptic data
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Fig. 2. Results of Data processing of organoleptic data of yoghurts with honey by the method “Correspondence Analysis”;
a) By mean value of the organoleptic data; b) By mode of the organoleptic data
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Fig. 3. Results of Data processing of organoleptic data of yoghurts with bee pollen by the method “Correspondence
Analysis”;
a) By mean value of the organoleptic data; b) By mode of the organoleptic data
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Fig. 4. Prediction of sensory data by PLS method;
a) Consistency depending on the titratable acidity; b) Taste and flavor depending on the pH

Table 8
Prediction of organoleptic indicators of commercially available yoghurts
Organoleptic indicator Electrical conductivity Active acidity Titratable acidity
R? SSE | RMSE | R’ SSE | RMSE | R? SSE | RMSE |
Colour mean 0.02 0.11 0.11 0.31 0.10 0.19 0.36 0.08 0.20
mode 0.01 0.02 0.21 0.29 0.07 0.06 0.42 0.04 0.05
Surface mean 0.79 0.03 0.21 0.69 0.09 0.28 0.41 0.12 0.22
mode 0.45 0.14 0.16 0.11 0.13 0.17 0.22 0.11 0.22
Type of the mean 0.11 0.07 0.19 0.11 0.14 0.28 0.12 0.13 0.26
coagulant mode 0.11 0.12 0.22 0.53 0.08 0.22 0.52 0.14 0.15
Sectional structure € 0.68 0.02 0.05 0.54 0.13 0.21 0.43 0.06 0.22
mode 0.56 0.07 0.17 0.51 0.10 0.14 0.40 0.08 0.08
Consistency after ~ mean 0.79 0.14 0.21 0.78 0.05 0.13 0.71 0.10 0.19
breaking mode 0.67 0.33 0.45 0.67 0.24 0.28 0.81 0.20 0.29
Taste and flavor mean 0.31 0.21 0.27 0.50 0.21 0.28 0.51 0.18 0.31
mode 0.29 0.15 0.22 0.44 0.17 0.36 0.64 0.23 0.33

Prediction of the organoleptic characteristics of yo-
ghurt with honey on physico-chemical indicators

The results of the evaluation of the the ability to predict the
organoleptic indicators by physico-chemical parameters of
yoghurt with added honey are presented in Table 9. The table
shows that the indicator “Surface” can be predicted with 81%
accuracy in electrical conductivity using an average value of
the organoleptic data. By titratable acidity can be predicted
“Type of the coagulant” with 80-96% accuracy using average
and fashion data organoleptic evaluation for this indicator. By
electrical conductivity with 91-98% accuracy, and pH with
accuracy of 78% can be predicted “Sectional structure” using
both average and mode of the data. The organoleptic indica-
tor “Consistency after breaking” can be predicted by pH with
94% accuracy using mode of the data, while by the titratable
acidity this indicator can be predicted with accuracy 84-95%
depending on whether it is used mode or average of the data.

“Taste and flavor” can not be predicted with accuracy 80-94%
on electrical conductivity and active acidity using average and
mode of organoleptic data.

Prediction of the organoleptic characteristics of yo-
ghurt with bee pollen on physico-chemical indicators

Table 10 presents the results of the examination of the the
possibility to predict the organoleptic indicators by physico-
chemical parameters of yoghurt with added bee pollen. It is
used the method PLSR. The organoleptic indicator “Consis-
tency after breaking” can be predicted with 70% accuracy by
titratable acidity, but with high levels of SSR = 22.63. The
“consistency after breaking” can be predicted with accuracy
of 72% on average of the organoleptic data using electrical
conductivity. This physico-chemical parameter can be used
to predict the “taste and flavor” with an accuracy of 75%
with a small error values.
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Table 9
Prediction the organoleptic indicators of yoghurts with honey
Organoleptic indicator Electrical conductivity Active acidity Titratable acidity
R’ SSE | RMSE | R’ SSE | RMSE R’ SSE RMSE
Colour mean 0.11 0.05 0.17 0.19 0.00 0.02 0.04 8.00 2.00
mode 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Surface mean 0.81 0.09 0.21 0.63 0.01 0.02 0.22 36.73 4.29
mode 0.11 0.05 0.17 0.19 0.01 0.02 0.04 8.00 2.00
Type of the co- mean 0.21 0.09 0.22 0.66 0.01 0.02 0.96 7.22 1.90
agulant mode 0.08 0.04 0.14 0.38 0.01 0.02 0.80 34.12 4.13
Sectional struc- mean 0.91 0.05 0.15 0.78 0.01 0.02 0.29 43.21 4.65
ture mode 0.98 0.01 0.07 0.78 0.01 0.02 0.21 354 421
Consistency after mean 0.05 0.03 0.11 0.43 0.01 0.02 0.95 9.64 2.20
breaking mode 0.51 0.14 0.27 0.94 0.01 0.01 0.84 28.97 3.81
Taste and flavor mean 0.49 0.14 0.27 0.05 0.00 0.01 0.16 28.50 3.78
mode 0.58 0.14 0.26 0.11 0.01 0.01 0.10 18.77 3.06

Table 10

Prediction of organoleptic indicators of yoghurts with bee pollen

Organoleptic indicator Electrical conductivity Active acidity Titratable acidity
R’ SSE | RMSE | R’ SSE | RMSE R’ SSE RMSE
Surface mean 0.50 2.33 0.88 0.02 0.00 0.01 0.11 10.47 1.87
mode 0.29 1.92 0.80 0.08 0.00 0.01 0.00 0.00 0.00
Colour mean 0.10 0.87 0.54 0.04 0.00 0.01 0.22 18.35 2.47
mode 0.42 2.26 0.87 0.01 0.00 0.01 0.14 12.82 2.07
Type of the co-  mean 0.28 1.88 0.79 0.14 0.00 0.01 0.32 23.16 2.78
agulant mode 0.44 2.29 0.87 0.46 0.00 0.02 0.42 26.2 2.96
Sectional struc-  mean 0.49 2.33 0.88 0.19 0.00 0.01 0.21 17.79 2.44
ture mode 0.17 133 0.67 0.40 0.00 0.02 0.70 22.63 2.75
Consistency after mean 0.72 1.87 0.79 0.45 0.00 0.02 0.14 12.60 2.05
breaking mode 0.18 1.37 0.68 0.37 0.00 0.02 0.13 11.84 1.99
Taste and flavor "€ 0.44 2.30 0.87 0.08 0.00 0.01 0.22 18.18 2.46
mode 0.75 1.72 0.76 0.35 0.00 0.01 0.13 12.17 2014

Comparative analysis of results of evaluation of the yo-
ghurt and milk products with honey and bee pollen

In Table 11 are listed in summary form the results of the
study of organoleptic indicators of the yoghurt commercially
available and yoghurt with added bee pollen and honey. In
the analysis of the results for yoghurt distributed commer-
cially is found that samples 2 and 6 differ in indicators than
other yoghurts and they are not taken into account. The six
yoghurts commercially available correspond in organolep-
tic and physico-chemical parameters of the standard BNS
12:2010.

The addition of 5% honey results in an improvement
of the organoleptic characteristics of the the resulting milk
product compared to a standard yogurt. The higher honey
content reduces the quality of the the resulting final product

as influencing the structure and its appearance. which is un-
acceptable to consumers.

Similar results were obtained from (Varga, 2006; Rashid
et al., 2012; Bakr et al., 2015) indicating that the content
of the honey up to 5% preserves the physicochemical and
improves the organoleptic characteristics of the resultant
functional product from yoghurt. Significant differences in
the assessments of the tasters have at milks with 10 and 15%
addition of honey. This is is confirmed by the literature data
on the organoleptic assessment (Khider et al., 2013).

Addition of bee pollen 0.4% resulting finished product
maintains good organoleptic properties. A higher percentage
of bee pollen deteriorates them significantly. The obtained
results are comparable to those indicated by (Lomova et al.,
2014; Yerlikaya, 2014) indicate that the percentage of bee
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Table 11

Comparative Analysis of results from data processing of organoleptic evaluation of yoghurts

Type of the Commercially available yoghurt Yoghurt with added honey Yoghurt with added bee pollen

yoghurt

Evaluation

criterion

Coefficient There is a difference of opinion Differences in opinion of the tast-  In the control sample, there was no difference

of variation ~ between the tasters at samples 2 ers was observed in control and of opinion between the tasters significant dif-

(CV) and 6 products with the addition of 10%  ferences in opinion about yoghurt with added
and 15% honey bee pollen at Surface and Colour

Correspon- Sample 2 is characterized by poor  The control sample differs in in- Samples with 0.6% and 0.8% bee pollen have

dence analy-  organoleptic indicators compared  dicators than the samples with the ~ worst organoleptic indicators

sis (CA) to other samples addition of honey

Prediction of Next indicators can be predicted: ~ Can be predicted: Surface, Type of Can be predicted: Consistency after breaking,

organoleptic ~ Surface, Sectional structure, Con-  the coagulant, Sectional structure, Taste and flavor

indicators sistency after breaking Consistency after breaking

pollen 0.1-0.4% improved physico-chemical and organolep-
tic characteristics of the final product.

By using the coefficient of variation in the milk pur-
chased commercially and those obtained with the addition of
honey and bee pollen at small differences of opinion of the
tasters was observed in control samples.

With weak organoleptic indicators are milks obtained
with the addition of 0.6 and 0.8% bee pollen. This is influ-
ence on organoleptic assessment of tasters proven through
Correspondence analysis confirmed by (Yerlikaya, 2014).

The results of the cited authors are confirmed by the as-
sessment of the ability to predict the organoleptic indicators by
physico-chemical properties of the products examined, which
revealed the influence of titratable, active acidity and electrical
conductivity on the organoleptic properties of yogurt.

Conclusions

e The research presents the main characteristics of the re-
sulting functional products — yoghurts with added bee prod-
ucts — honey and bee pollen.

e Presented are reference laboratory studies on physico-
chemical parameters of the obtained products.

e An assessment is made of the ability to predict the
physico-chemical and organoleptic indicators of the func-
tional products.

e From the comparative analysis of the resulting func-
tional products yoghurts produced by BNS 12:2010 and dis-
tributed commercially is established that the use of honey up
to 5% and pollen up to 0.4% improves the organoleptic and
physico-chemical properties of products.

e The results confirm those of other known studies as
complement the results for yoghurt produced with Bulgarian
bee products and technology in accordance with BNS.
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