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Pa3paboTka TEXHOTIOTUN KUC/IOMOJIOUYHbIX
NPOAYKTOB AN1S1 AETCKOIrO NMUTaHWS

PE3IOME

BocnosiHeH1e Makpo- 1 MUKPOINIEMEHTOB Npu Ux AedpmuuTe y AeTeli sBnseTca Beaylleii 3aaavueil coBpe-
MEHHOI AMETONOMMM 1 OCHOBOMO/MAraoLWyM (PakTopoM 340POBOT0 Pa3BUTUA AeTeil. PelwmTs aTy 3agauy
MOXeT pa3paboTka HOBbIX BULOB NPOAYKTOB NuUTaHus. B faHHOl cTaTbe npescTaB/ieHa paspaboTka TEXHO-
NIOTUU NPOU3BOACTBA KMCIOMO/IOUHOTO NPOAYKTA /19 LETCKOTO MUTaHUs. SKCNepPUMEHTa/ILHO UCCNeA0BaH
BapUaHT BBEAEHWS BOAOPOC/M CMIUPY/IMHBI B KUCIOMOJIOUHBIA NPOAYKT. Ha OCHOBaHUM (PU3UKO-XMMUYE-
CKMX, PEONIOTMYECKUX W OpPraHoNenTUUeckx nokasareseil YyCTaHOBMEHO, UTo BBefeHUe 2% Cnvpy/ivHbI
MO3BO/ISIET NOMYUUTH NPOLYKT C NPUEMIEMBIMU (DU3UKO-XUMUYECKUMU 1 PEOSIOTUUECKUMU XapaKTepucTy-
kamn. OpraHonenTuyeckuii Npotusib KOPPEKTUPOBANN fOGABIEHNEM (PPYKTOBOTO HANOMHUTENS B 06be-
Me 20% OT Macchl Cbipbsi. MpoBefeHHbIe UCCEeA0BaHUs NO3BOMMUAN Pa3paboTaTb KUC/IOMOSOUHBINA Npo-
LyKT 1S AE€TCKOTO NUTaHWsl, NO3BONSIOLMIA YA0BNETBOPUTL 10-16% CYTOUHOW NOTPEGHOCTU B MULLEBbLIX
afieMeHTax, 06/1a4aloLLii BLICOKAMY NOTPEGUTENLCKUMY XapaKTepPUCTUKAMN.

Kniouesble cnosa: KUC/IOMOJOYHbIV NPOAYKT, MUKPO- 1 MakpoanemeHTsl, Spirulina platensis, c6a-
NTAaHCMPOBAHHOE NUTaHWe, OpraHonenTUYeckne nccneoBaHus
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Development of technology for the fermented
milk products for child nutrition

ABSTRACT

Replenishment of macro- and micronutrients in case of their deficiency in the children is the leading task
of modern dietetics and a fundamental factor in the children’s healthy development. The development
of new types of food products can solve this task. This article presents the development of technology
for production of fermented milk product for children nutrition. The option of introducing spirulina algae
into a fermented milk product was experimentally investigated. On the basis of physical and chemical,
rheological and organoleptic characteristics it was defined that the introduction of 2% of spirulina allows
obtaining a product with acceptable physical, chemical and rheological characteristics. The organoleptic
profile was corrected by adding fruit filler in volume of 20% from the raw material mass. The conducted
research made it possible to develop afermented milk product for child nutrition, which can satisfy 10-16%
of the daily demand for nutritional elements, and which features high consumer-oriented characteristics.

Key words: fermented milk product, micro- and macroelements, Spirulina platensis, balanced

nutrition, organoleptic studies
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BeepeHue / Introduction

In recent decades, among the population of various
countries, including Russia, WHO has recorded a nutritional
deficiency in the children's diet, which leads to metabolic
disorders, delayed mental and physical development, and
also increases the chance of various diseases onset [1-5].

Food must satisfy the demand of a child's body not
only for nutrients, not only be balanced in proteins, fats,
carbohydrates, but it must also contain the recommended
amount of macronutrients and micronutrients, essential
amino acids, vitamins, essential fatty acids, dietary fiber and
other functional components.

The current living conditions of mankind do require
the daily diet to not only consist of traditional food products,
but also to include functional products, assigned to satisfy
the nutritional demands of various population groups,
depending on the risks of diseases and on features
of population groups that suffer from deficiency of one or
more micro- and macronutrients [6-10].

These are prophylactic dietary food products that
additionally contain functional food ingredients and
essential nutrients [11-15].

MaTepuan n meTogbl nccnepoBaHusa /

Materials and method

The object of the research in this work was the blue-
green alga Spirulina platensis.

The subjects of the research were:

- milk used to produce fortified fermented milk product
for children nutrition;

- fermented milk products produced with starter cultures
and spirulina added;

- fermented milk products produced with starter cultures,
spirulina and fruit filler added.

During the research the physical and chemical,
microbiological and organoleptic methods of tests were
used.

To obtain a fermented milk product, pasteurized milk
was used with fat content of 3.2%. The milk was preheated
to a temperature of 43°C, the ferment was added in amount
of 5% from the volume of fermented milk; and dry spirulina
algae was thoroughly admixed involume of 1%, 2% and 5%
of the fermented milk. Samples of the fermented milk
productwere obtained by the thermostatic method, by their
fermentation at atemperature of 42+1°C.

In laboratory conditions the following samples
of a fermented milk product for children nutrition were
developed:

- Sample Cisafermented milk product obtained with lactic
acid bacteria (control smaple). For this, liquid starter
culture of pure cultures in volume of 5% from fermented
milk was added to 100 cm3 of pasteurized milk with
temperature of43°C. The starter - 3 cm3of Streptococcus

salivarius thermophilus strain and 2 cm3 of Lactobacillus
delbrueckiisubsp. bulgaricus strain.

- Sample No. 1 is a fermented milk product obtained
with lactic acid bacteria and spirulina, added in volume
of 1% (experiment No. 1). For this, 5% of starter culture
(3 cm3 of Streptococcus salivarius thermophilus strain
and 2 cm3of Lactobacillus delbrueckii subsp. bulgaricus
strain) and 1% of spirulina (1 g) were added to 100 cm3
of pasteurized milk heated to a temperature of 43°C.

- Sample No. 2 is a fermented milk product obtained
with lactic acid bacteria and spirulina, added in volume
of 2% (experiment No. 2). For this, 5% of starter culture
(3 cm3 of Streptococcus salivarius thermophilus strain
and 2 cm3of Lactobacillus delbrueckii subsp. bulgaricus
strain) and 2% of spirulina (2 g) were added to 100 cm3
of pasteurized milk heated to a temperature of 43°C.

- Sample No. 3 is a fermented milk product obtained
with lactic acid bacteria and spirulina, added in volume
of 5% (experiment No. 3). For this, 5% of starter culture
(3 cm3 of Streptococcus salivarius thermophilus
strain and 2 cm3 of Lactobacillus delbrueckii subsp.
bulgaricus strain) and 5% of spirulina (5 g) were added
to 100 cm3 of pasteurized milk heated to a temperature
of 43°C.

PesynbTatbl 1 06cyxaeHue /

Results and discussion

At the initial stage it was found that the starter culture,
which consisted of Streptococcus salivarius thermophilus
and Lactobacillus delbrueckii subsp. bulgaricus with
addition of 1%, 2% and 5% spirulina formed a curd inthe milk
in 5 hours, while the control sample (without spirulina) got
fermented in 6 hours.

The titratable acidity in the samples 1-3 after 5 hourswas
(74-80)°T In the control samples (in triplicate) at the end
of fermentation the titratable acidity was (72-75)°T.

Fermented samples of fermented milk products were
cooled down to a temperature of 4+2°C.

The obtained samples of fermented milk products
after cooling were tested by the following parameters:
physical and chemical, rheological and organoleptic
parameters. The results are presented below in table 1
The results of tests for titratable acidity are presented below
in table 2.

The samples of the ready fermented milk product with
spirulina formed a uniform dense curd within 5 hours.
The control samples formed the curd within 6 hours.
The samples No. 1, 2, 3 of fermented milk product have
higher values of titratable acidity than in the control samples
due to adding of spirulina in various amounts. In samples
with spirulina the titratable acidity values are increased
proportionally to the added amount of spirulina in the ready
product.

| Table 1.Physical and chemical indicators of samples of fermented milk product with spirulina for children nutrition

Characteristics of parameters

Parameter
control sample No. 1
Mass fraction of fat, % 3,240,1 3,240,1
Mass fraction of protein, % 3,0+0,1 3,540,1
of carbahydrates, % 47201 48:0.1
Mass fraction of SNF, % 10,0+0,1 10,040,1
Phosphatase Absent Absent

ISSN 0869-8155 (print)
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Norm
sample No. 2 sample No. 3
3,240,1 3,4+0,1 From 1,4 1till 4,0
4,1+0,1 5,0£0,1 2,0-5,0
5,0+0,1 5,640,1 Not more than 16
10,0+0,1 10,5+0,1 Not more than 7,8
Absent Absent Not allowed
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The moisture-holding capacity of the curd formed
by lactic acid bacteria was determined by the centrifugation
method. The results are shown in figure 1 below.

As it can be seen from the diagram, the samples with
spirulina (No. 1 and 2) have a similar moisture-holding
capacity with control sample. The sample No. 3 has less
dense curd structure.

The organoleptic indices of the samples of a fermented
milk product of a functional orientation with spirulina were
evaluated in 5-point rating scale. The results are shown

FOOD BIOTECHNOLOGY

in figure 2 below. Sensory profiles were drawn up to compare
samples of fermented milk product, obtained with liquid
starter culture and spirulina added in various quantities.
According to the results of the taste evaluation
of fermented milk product samples with added spirulina,
it was defined that spirulina changed the taste and smell
of the products. However, the addition of 1% spirulina did not
change the smell, it remained the same. This fermented milk
product also retained the taste of pure fermented milk, but
at the same time the aftertaste of this component appeared.
When 2% of spirulina was added,
the texture was still the same as inthe control

Table 2. Titratable acidity in the samples of fermented milk probiotic personalized

food product

Titratable acidity, °T

Sample
fresh milk fermented milk, 5-6 hours
17+1 7241
Control sample 16+1 73+1
171 751
17+1 751
Sample No. 1 17+1 7441
16+1 741
16+1 741
Sample No. 2 17+1 75+1
17+1 761
17+1 79+1
Sample No. 3 16+1 78+1
16+1 80+1

Fig. 1. Moisture-holding capacity of the test samples of fermented milk products with

spirulina for baby food
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sample, but the increased ratio of spirulina
to fermented milk influenced the taste and
smell of the product. A slight taste of “algae”
appeared in the sample No. 2. The sample

finished product No. 3 turned to be unfit for consumption
85+1 because of strong taste and smell
86+1 of algae. When evaluating the appearance
of the obtained product, it was found that
841 the control samples and samples No. 1
87+1 and 2 had a dense curd and were scored
8641, the maximum number of points - 5.
The sample No. 3 had a less dense curd and
861 scored less points - 4 in the 5-score rating
87+1 system.
The control sample had a pure fermented
881 milk taste and smell, without any foreign
86+1 aftertastes.
89+1 During the sensory analysis, sample
0081 No. 1 with 1% of spirulina showed the best

result in all aspects, but this experimental
91+1 sample had only 8% of the physiological
demand for iron in children from 3to 7 years
old. That does not meet the requirements
for fortified foods. The sample No. 2 had
a more expressed taste and aroma of algae
in comparison with the sample No. 1

The obtained samples of afermented milk
product with spirulina, developed for baby
food, have a specific taste and aroma, that is
not appropriate for traditional food products,
including food for children nutrition.

To impart flavor (taste and smell),
to improve the consumers' perception
of the functional product, it was proposed
to add a fruit filler “Green apple - lemon
balm” (sugar, water, concentrated juices
(apple, lemon), thickener - pectins, natural
flavoring “Green apple”, natural extract
of lemon balm).

The fruit filler was added in volume of 10,
15 and 20% of the fermented milk:

- Sample No. 1- 10% of fruit filler;

- Sample No. 2 - 15% of fruit filler;

- Sample No. 3 - 20% of fruit filler.

The prepared samples were placed
into thermostatic chamber at temperature
of 42+1°C. The fermentation was controlled
by titratable acidity of the fermented base.
The titratable acidity in the formed milk after
5 hours was (73-76)°T. Fermented samples
of fermented milk products were cooled
down to the temperature of 4+2°C.

The produced samples of fermented
milk products after cooling were tested by
following parameters: physical, chemical

ISSN 2686-701X (online)
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and organoleptic, the results are presented
intable 3.
The results of titratable acidity tests are

presented in the table 4. Parameter
The organoleptic parameters of the

samples of the fermented milk functional Mass fraction

product were evaluated in a 5-point rating of fat,%

scale. The results of evaluation are shown Mass fraction

in figure 3.

The organoleptic analysis of the obtained
data showed that sample No. 1 with 10%
of fruit filler got the smallest score in terms

of protein,%

Mass fraction

“ » “ N : Mass fraction
of “taste .a.nd smell”. The sample with of SNF, %
10% of fruit filler featured the taste of algae;

Phosphatase

that proved insufficient quantity of the fruit
filler. In sample No. 2 the flavor was mixed,
i.e. green apple flavor was expressed, but

of carbohydrates, %

Table 3. Physical and chemical parameters of samples of afermented milk functional
product with spirulina and fruit filling “Green apple - lemon balm”

Characteristics of the parameters

Norm
sample No. 1  sample No. 2~ sample No. 3
2,740,1 2,6+0,1 2,610,1 From 1,4to 4,0
3,440,1 3,5¢0,1 3,240,1 2,0-5,0
10,0£0,1 10,0+0,1 10,0+0,1 Not less than 7,8
9,00,1 11,240,1 13,420, Not more than
16,0
Absent Absent Absent Not allowed

Table4. Titratable acidity in the finished samples of fermented milk product

the sample had algae aftertaste.

The sample No. 3 turned to be the best
sample in all aspects and regards. The smell
conformed to the fruit filling. The taste
of sample No. 3 changed, the taste was
dominated by “green apple” and “lemon
balm”. The texture of all three samples
scored the maximum number of points,
the obtained curd was dense.

Sample

Sample No. 1

BbiBoabl / Conclusion

The production and further analysis
of the samples with spirulina showed that
the texture of the experimental samples
corresponded to the control sample, but
increase in ratio of spirulina to fermented
milk changed the taste and smell.

A slight taste of algae was detected
in the sample No. 2. The sample No. 3
was not suitable for consumption because
of overexpressed taste and smell of algae.
The assessment of the fermented milk
product  appearance revealed, that
the control samples and the samples No.
1 and 2 had a dense curd and scored
the maximum number of points - 5,
the sample No. 3 had a less dense curd and
scored less points (4) in 5-point rating scale.

The assumption was confirmed that
the fruit filler would neutralize the effect
of spirulina on organoleptic characteristics
of the product. During the analysis,
the data of organoleptic test were obtained.
The sample No. 1 with 10% of fruit filler
scored the least number of points in terms
of “taste”and “smell”. Inthe sample with 10%
of fruit filler, the taste of algae was clearly
noticeable. That witnessed the insufficient
quantity of fruit filler. The sample No. 2
featured the mixed flavor with distinct taste
of green apple, but algae aftertaste was also
expressed.

The sample No. 3 proved to be the best sample
in all regards. The aroma corresponded to the fruit filling.
The taste of sample No. 3 changed, as its taste was
dominated by “green apple” and “lemon balm”. The texture
of all three samples scored the maximum number of points;
the obtained curd was dense.

Thus we have determined the best ratio of base to fruit
filler - 80:20. When 2% of spirulina powder isadded, the iron

Sample No. 2

Sample No. 3

ISSN 0869-8155 (print)
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with spirulina (2%) and fruit filler

Titratable acidity, °T

fermented milk, finished product

fresh milk finished product

5-6 hours with filler
17+1 73+1 87+1 90+1
16+1 73+1 87+1 91+1
17+1 75+1 88+1 91+1
17+1 75+1 87+1 92+1
1741 74+1 89+1 93+1
16+1 74+1 88+1 92+1
16+1 74+1 88+1 94+1
17+1 75+1 89+1 95+1
17+1 761 89+1 93+1

| Fig. 3. Organoleptic profile of fermented milk product samples with spirulina and fruit filling

content in the finished product corresponds to 10-16%
of the physiological demand, which helps to satisfy the iron
deficiency in a child’s body.

As a result of the conducted research it is possible
to conclude that use of spirulina in the production
of fermented milk products for children nutrition can reduce
iron deficiency in a child’s body.
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Bce aBTOpbI HECYT OTBETCTBEHHOCTb 3a CBOK paboTy v NpeacTaB/eH-
Hble AaHHble.

Bce aBTOpbI BHEC/IM paBHbIi BKNaA, B 3Ty HayuHyto pabory.

ABTOpbI B PaBHO CTeNeHW y4acTBOBa/IN B HANMCaHWUV PyKoOnucu v
HECYT paBHyt0 OTBETCTBEHHOCTb 3a rviarviar.

ABTOpbI 3a5BNAOT 06 OTCYTCTBUM KOH(D/IMKTA UHTEPECOB.
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