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Abstract: The Arctic is currently a strategic region of Russia and it requires military protection. Good nutrition is
a prerequisite for successful performance of the servicemen in such extreme conditions. The Russian armed forces
do not have a special ration for the Arctic region. The existing rations lack products enriched with biologically ac-
tive substances, probiotics, prebiotics, or vitamin and mineral complexes. Subcaloric nutrition, even with short-term
physical exertion, in combination with low temperatures deprives the human body of vitamins and minerals. There-
fore, the development of freeze-dried bioproducts with functional properties is highly relevant. This article presents
the results of a study aimed to develop new freeze-dried milk-based bioproducts for the Russian military in the Arc-
tic. For this, we created a microbial consortium of lactic acid bacteria with a wide spectrum of antimicrobial activity.
We also used a range of functional ingredients, namely pectin, pine nut meal, a ‘Lactobel’ prebiotic protein-and-car-
bohydrate product, rowan puree, and rosehip syrup in the amounts established during the study. The new freeze-
dried milk-based bioproducts named ‘Pobeda’, enriched with combiotics and metabiotics, will provide the Russian
military with better nutrition in the extreme conditions of the Arctic.
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INTRODUCTION

Gaining control over the Arctic region is current-
ly becoming not only a matter of geopolitics, but also a
matter of survival in the future multipolar world. Its geo-
graphical and transport conditions, as well as ample ene-
rgy resources, make the Arctic zone of Russia an area of
increased interest not only for the Arctic states, such as
the USA, Norway, Canada, and Denmark, but also for
some non-Arctic countries, such as Japan, China, South
Korea, and others. Therefore, this strategic region re-
quires Russian military presence to protect the northern
state border and ensure national security. Good nutrition
of the Russian military is a prerequisite for the success-
ful implementation of their duty in the extreme Arctic
conditions [1-4].

In the Arctic, the human body is affected by a com-
plex of adverse factors even if living conditions are quite
satisfactory. These factors disturb almost all types of

metabolism and greatly reduce the content of vitamins
and glucose in the blood. According to scientists, even
short-term physical exertion in combination with low
temperatures and a subcaloric diet can lead to a deficien-
cy of vitamins (C and group B), as well as macro- and
microelements (potassium, calcium, magnesium, fluo-
rine, selenium, and iodine). Moreover, low temperatures
disturb the metabolism of vitamin C and the B vitamins
[5-8, 34].

Currently, there are no special rations for the Rus-
sian military serving in the Arctic zone. Their diet is
regulated by the Decree of the RF Government of De-
cember 29, 2007 ‘On food supplies for servicemen and
other categories of staff, as well as feed (food) supplies
for animals in military units and organisations in peace-
time’. According to this decree, food rations for the mili-
tary are as follows: ration no. 1 (common ration) with
extra products for units in the Extreme North (canned
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fish 40 g, butter 15 g, biscuits 40 g, and condensed milk
25 g); ration no. 2 (summer ration); and ration no. 5
(medical ration) [9]. During the cold season (from Oc-
tober 1 to March 31), 100 g of rye and wheat bread is
replaced with 20 g of salo (cured fatback) [10]. Thus, the
limited range of products and a complete replacement
of fresh fruits and vegetables with canned ones, cannot
provide the Arctic servicemen with adequate nutrition.

The current system of army rations is based on the
theory of sensible nutrition. This explains why they lack
foods enriched with biologically active substances, eu-
biotics, prebiotics, vitamin-and-mineral complexes, and
phytoprotectors. Therefore, their inclusion in the rations
is perceived as an innovation.

The theory of functional nutrition is better suited for
the Arctic conditions. Functional nutrition contains a va-
riety of essential elements such as:

— fat-soluble and water-soluble vitamins (A, D, E, B, B,,
B,, B,,, B,, C, and PP);

— vitamin-like substances (choline, L-carnitine, ubiqui-
none, lipoic and orotic acids);

— essential amino acids;

— polyunsaturated fatty acids (omega-3, omega-6);

— phospholipids;

— antioxidants (vitamins C, E, carotenoids);

— macro- and microelements (calcium, magnesium, po-
tassium, iodine, selenium, iron, zinc, etc.);

— probiotics (probiotic microorganisms);

— prebiotics (dietary fibres, carbon-containing com-
pounds of microbial and non-microbial origin, plant and
microbial polysaccharides, etc.);

— synbiotics (probiotics + prebiotics);

— combiotics (synbiotics + functional ingredients, such
as vitamin-and-mineral premixes, phenol-based and
other plant compounds); and

— metabiotics (containing active metabolites, metabolic
products of probiotic cultures) [3, 8, 11-13].

The Military Medical Academy, the RF Ministry of
Defence is currently developing nutrition standards for
military personnel serving in the Extreme North. They
may include foods from local raw materials, such as
plants (cranberries, lingonberries, blueberries, etc.), al-
gae, mushrooms, and lichens [14].

The priority here is to develop various freeze-dried
bioproducts, since they have a low weight, a small size,
and a long shelf life. They also ensure the vitality of vi-
tamins and probiotic microorganisms at low tempera-
tures. Freeze-dried bioproducts are especially important
as a survival ration for military personnel serving in
remote areas, away from logistics bases, as well as for
raid groups and special forces whose work involves in-
creased physical activity and long-distance transitions.
This makes the development of milk-based freeze-dried
functional bioproducts a promising direction.

Thus, we aimed to develop a biotechnology for pro-
ducing milk-based bioproducts with functional ingre-
dients to improve the diet of servicemen in the Arctic.

STUDY OBJECTS AND METHODS

The study objects were Siberian starter cultures of

203

lactic acid bacteria with a high content of viable cells,
not less than 10° CFU/cm?. The cultures were adapted
for Russians and had proven health-benefitting effects.
They were:

— Lactobacillus  acidophilus ~ (L-1),  Lactobacillus
casei (L-2), and Lactobacillus delbrukii subsp. bulga-
ricus (L-4) produced by ZAO Vektor-BiAlgam, Novosi-
birsk;

— Lactococcus lactis subsp. lactis, Lactococcus lactis
subsp. cremoris, Lactococcus lactis subsp. diacetilac-
tis, and Streptococcus salivarius thermophilus (BK-Al-
tai-Snzh) produced by the Barnaul Biofactory, Barnaul;
— their microbial consortium obtained during the study;
and

— liquid and dry synbiotic bioproducts developed during
the study.

Titratable acidity was determined according to State
Standard 3624-92* by titration with a 0.IN sodium hy-
droxide with phenolphthalein and expressed in Turner
degrees (°T)

Active acidity was determined by a potentiometric
method according to State Standard 32892-2014** on a
SG8-ELK SevenGo pro pH-meter / ion meter (Mettler
Toledo, Switzerland).

The quantity of lactic acid bacteria cells was mea-
sured by the method of limiting dilutions on a dense agar
medium MRS according to State Standard 10444.11-
89***and State Standard 10444.11-2013%***,

The morphology of the bacteria was studied by mak-
ing preparations stained with methylene blue, followed
by microscopy in an immersion system with a 100x ob-
jective lens using a MIKMED-5 binocular microscope
and photographing with a LOMO TC-500 camera.

The concentration of exopolysaccharides (EPSs) was
determined by the anthrone method [15]. The action of
concentrated sulfuric acid on carbohydrates forms fur-
fural, S5-methylfurfural, or 5-hydroxymethylfurfural.
Reacting with anthrone, they produce intensely coloured
green or blue-green products. During the experiment,
4 volumes of distilled water and 10 volumes of freshly
prepared anthrone reagent were added to 1 volume of the
culture liquid of the bioproduct. The mixture was then
incubated for 10 min at 1,000°C in a water bath. The
concentration of EPSs was determined by spectrometry
on a Unico-2800 single-beam scanning spectrometer at
a wavelength of 620 nm. Various concentrations of glu-
cose solutions were used as a standard.

The selection of starter cultures in the microbial con-
sortium was based on the microorganisms’ probiotic
properties and their ability to synthesise EPSs.

The antagonistic activity of starter cultures of lac-
tic acid bacteria and the microbial consortium against

* State Standard 3624-92. Milk and milk products. Titrimetric me-
thods of acidity determination. Moscow: Standards Publ., 2004. 8 p.
** State Standard 32892-2014. Milk and dairy products. Method of pH
determination. Moscow: Standartinform Publ., 2015. 13 p.

***  State Standard 10444.11-89. Food products. Methods for
determination of the lactic acid bacteria. Moscow: Standartinform Publ.,
2010. 14 p.

**** State Standard 10444.11-2013. Microbiology of food and animal
feeding stuffs. Methods for detection and enumeration of mesophilic
lactic acid bacteria. Moscow: Standartinform Publ., 2014. 23 p.
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pathogenic and potentially pathogenic microorganisms
was determined by the method of serial dilutions. The
mixed populations were compared with the growth of
test cultures in a liquid nutrient medium, followed by in-
oculation in solid media [16]. E.coli, S.aureus, Pr.vulga-
ris, Ps.mirabilis, Kl.pheumoniae, Sh.flexneri, Sh.sonnei,
and S.cottbus were used as test microorganisms.

Antibiotic resistance of starter cultures of lactic acid
bacteria and the microbial consortium was measured by
the method of serial dilutions in a liquid nutrient medium.

Physical and chemical indicators of bioproducts were
studied by standard methods.

The solubility index of freeze-dried bioproducts
was determined according to State Standard 30305.4-

The moisture content of freeze-dried bioproducts was
determined on an OHAUS MB-35 moisture analyser.

Sensory characteristics were evaluated according
to State Standard 28283-89****** and State Standard
R ISO 22935-2-201 [¥#**kkk

Safety indicators of the bioproducts were assessed
against the medical and biological requirements estab-
lished by the regulatory documents [17].

The statistical processing of experimental data de-
rived from 3-5 replications was performed with Statis-
tica 12. The differences were considered significant with
p <0.05.

RESULTS AND DISCUSSION

Our earlier studies found that fermented milk pro-
ducts based on microbial consortia of lactic acid bac-
teria that synthesised exopolysaccharides had plenty of
benefits. In addition to improved rheological properties,
they had a wider spectrum of antimicrobial activity,
compared to starter cultures. This promoted adhesion of
beneficial probiotic bacteria to the intestinal walls and
ensured maximum effectiveness for the human body.

Numerous studies by Khamagaeva et al. proved that
multi-strain starters had a higher biotechnological po-
tential and were more resistant to adverse environmental
factors. Therefore, for this study, we created a consor-
tium of lactic acid bacteria with the greatest ability to
synthesise EPSs (Fig. 1) and a wide spectrum of antimi-
crobial activity.

The synthesis of EPSs usually depends on the com-
position of the microbial consortium and the conditions
of its cultivation. For example, an increase or decrease
in the optimal growth temperature causes an active syn-
thesis of EPSs. This was confirmed by our studies with a
cultivation temperature of 38 = 1°C for bioproducts with
the consortium. This cultivation temperature was not op-
timal for all the lactic acid bacteria making up the mi-
crobial consortium.

In addition, a greater synthesis of EPSs leads to clo-
ser intercellular contacts between rod-shaped and coc-

*kkk* State Standard 30305.4-95. Dry dairy products. The procedure of
measurement of solubility index. Moscow: Standards Publ., 2001. 4 p.
*kkkkk State Standard 28283-89. Milk. Sensory analysis. Determina-
tion of odour and taste. Moscow: Standartinform Publ., 2009. 6 p.
Fhkkkkk State Standard R ISO 22935-2-2011. Milk and milk products.
Sensory analysis. Part 2. Recommended methods for sensory evalua-
tion. Moscow: Standartinform Publ., 2012. 20 p.
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Fig. 1. Microbial exopolysaccharides content in bioproducts.
1 — bioproduct with Lactobacillus acidophilus (L-1), 2 — bio-
product with Lactobacillus delbrukii subsp. bulgaricus (L-2),
3 — bioproduct with Lactobacillus casei (L-4), 4 — bioproduct
with Lactococcus lactis subsp. lactis, Lactococcus lactis sub-
sp. cremoris, Lactococcus lactis subsp. diacetilactis, Strepto-
coccus salivarius thermophilus (BK-Altai-Snzh),

5 — bioproduct with the microbial consortium (1:2:3:4 in the
ratio of 1:1:0.8:1.2).

coid microorganisms in the microbial consortium. Fig. 2
shows the morphology of microflora in bioproducts with
starter cultures and their microbial consortium.

Increased formation of EPSs makes the bioproduct
more viscous and enhances cohesion (aggregation). As
shown in studies [18-21], cohesion is an accumulation
of cells, a kind of a supra-organism system similar to a
multicellular organism. It is a cooperation of individual
cells whose concerted activity is aimed at achieving the
same result. The exchange of information and signals in
this system is carried out by extracellular metabolites
that regulate the activity of bacteria. Such interactions
ensure physiological and adaptive resistance of cells to
negative environmental effects.

As can be seen in Fig. 2, the aggrega-
tion of microorganism colonies in the micro-
bial consortium demonstrates their ability for

multicellular organisation, which is characteristic of
bacteria in the gastrointestinal tract. In addition, a bio-

BK-Altai-Snzh

Consortium

Fig. 2. Morphology of microflora in bioproducts with starter
cultures and their microbial consortium (magn. 1000x).
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Fig. 3. Antagonistic activity of microflora in bioproducts with
starter cultures and their microbial consortium against patho-
genic and potentially pathogenic microorganisms: 1 — e.coli,
2 —s.aureus, 3 — pr.vulgaris, 4 — ps.mirabilis, 5 — kl.pheumo-
nia, 6 — sh.flexneri, 7 — sh.sonnei, 8 — s.cottbus.

product with a microbial consortium has a wider spec-
trum of antagonistic activity against pathogenic and
potentially pathogenic microorganisms (Fig. 3), com-
pared to the starter cultures present in it. Such products
are also more resistant to various antibiotics (Table 1)
and can therefore be used in antibiotic therapy.

As can be seen in Fig. 3, the microflora in the bio-
product with a microbial consortium displayed the high-
est antagonistic activity against E.coli, Pr.vulgaris and
S.cottbus, with the number of viable cells being 10> CFU
per 1 cm’. This was probably due to the ability of lactic
acid bacteria to produce antimicrobial substances, such
as nisin (Lactococcus lactis subsp. lactis), diplocin (Lac-
tococcus lactis subsp. cremoris), bulgaricin (Lactobacil-
lus delbrukii subsp. bulgaricus), and lactocins B, F, G,
and M (Lactobacillus acidophilus).

Table 1 shows a greater resistance of microflora in
bioproducts with a microbial consortium to all the anti-
biotics, compared to the starter cultures. This is proba-
bly due to the acquisition of new genetic information
through the transfer of plasmids during conjugation and

transduction by not only closely related bacterial species,
but also by bacterial genera. Changes in the cultivation
temperature appear to cause rearrangements in the lacto-
coccal genome. Lactococcus plasmids are able to encode
such properties as the production of antibiotic substan-
ces and the preservation of antibiotic resistance.

At the next stage, we studied the influence of vari-
ous functional prebiotic substances on the growth of
microflora in the microbial consortium of dairy bio-
products. Namely, we used pectin, ‘Lactobel’ (a milk
protein-and-carbohydrate product), pine nut meal, ‘Si-
birskaya’ rowan puree (developed by Kemerovo State
University), and rosehip syrup. In the course of experi-
mental studies, we established the most optimal process
parameters and amounts of the above prebiotic substa-
nces for producing new bioproducts. The combined pro-
cess flow chart is shown in Figure 4.

The biotechnology for producing freeze-dried pro-
ducts involves standard operations used in the pro-
duction of liquid fermented dairy products [22]. Af-
ter fermentation, the finished bioproduct is cooled and
freeze-dried.

People can consume both liquid bioproducts and
freeze-dried bioproducts in the form of tablets, highly
water-soluble dry powders, or bio-sweets.

Combining dairy raw materials with plant compo-
nents, we can create functional bioproducts with a bala-
nced composition that have a health-benefitting effect
and are better absorbed by the human body. Pectin was
chosen as a polysaccharide with prebiotic properties that
is present in all algae and land plants. It is a common
stabilising and gelling agent used in the food industry to
give products good rheological properties. Pectin is one
of few natural organic compounds that does not under-
go chemical degradation when passing through the aci-
dic and alkaline enzymatic barriers of the human body.
It maintains its chemical structure and properties in the
gastrointestinal tract, helping to restore its mucous mem-
branes. In addition, pectin normalises colonic motility,
regulates intestinal microflora, inhibits putrefactive mi-
croflora, and participates in most of essential physio-
logical processes. Therefore, most countries recognize

Table 1. Antibiotic resistance of microflora in bioproducts based on starter cultures and their microbial consortium

Antibiotic Antibiotic dose

activity unit

Name of antibiotic

Concentration of the antibiotic to which the microflora of starter
cultures and their microbial consortium is resistant

L-1 L-2 L-4 Snzh Consortium

Bicillin units/cm? 100; 10; 1; 0.1; 0.01 1 1 1 0.1 10
Gentamycinum pg/em? 80; 40; 8; 4; 0.8 80 40 40 8 80
Clarbact pg/cm? 1,000; 100; 10; 1; 0.1 100 100 10 100 1,000
Levomycetin pg/em? 2,500; 250; 25;2.5;1.25 250 250 25 25 2,500
Oletetrin ug/cm? 250; 25; 2.5; 0.25;0.025 2.5 2.5 25 250 250
Sparfloxacinum pg/cm? 1,000; 100; 10; 1; 0.1 1,000 1,000 1,000 1,000 1,000
Sulfadimethoxinum  pg/cm? 1,000; 100; 10; 1; 0.1 1,000 1,000 1,000 1,000 1,000
Tetracyclinum pg/cm? 1,000; 100; 10; 1;0.1 1,000 100 1,000 100 1,000
Furadonin pg/em? 1,000; 100; 10; 1; 0.1 1,000 100 1,000 1,000 1,000
5-NOK pg/em? 50; 25;2.5; 0.25; 0.025 25 2.5 25 0.25 50

Note: L-1 — bioproduct with Lactobacillus acidophilus; L-2 — bioproduct with Lactobacillus delbrukii subsp. bulgaricus; L-4 — bioproduct with
Lactobacillus casei; Snzh — bioproduct with Lactococcus lactis subsp. lactis, Lactococcus lactis subsp. cremoris, Lactococcus lactis subsp. diace-
tilactis, Streptococcus salivarius thermophilus; Consortium — bioproduct with the microbial consortium (1:2:3:4 in the ratio of 1:1:0.8:1.2)
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Acceptance of raw materials, quality assessment

v

Blending, standardisation

v

Adding the prebiotic ‘Lactobel’ 10%,

Mixing t = 15-20 min [ or pectin 0.3%, or pine nut meal 3%,
* or sugar 5%, if necessary
Heating, homogenization t = (60 + 5)°C, P = (15 +2,5) MPa
Pasteurisation t = (95 + 2)°C, 1= 5 min
Cooling to fermentation temperature (38 + 1)°C N Adding the aCttl \;agc; r:lc )rgcblal consortium
v
Mixing t = 5-10 min
Ripening t = (38 £ 1)°C, t= (6.0 £ 1) hour
Mixing the finished bioproduct t = 5-10 min | Adding rowan puree 13% or roschip
* syrup 10%, if necessary
Cooling t= (23 £2)°C —> Cooling t= (4 +£2)°C

:

v

Packaging and labelling

Deep freezing t =—(34 £ 1)°C

v

v

bioproduct ‘Pobeda-1’, storage at (4 £ 2)°C

Recooling to t = (4 + 2)°C, quality control of the finished

Freeze-drying t = (30 £ 1)°C,
T=(24+1) hour

v

Fig. 4. Combined process flow chart for producing bioproducts

pectin as a physiologically valuable functional ingredi-
ent that improves human health when present in conven-
tional diets [23-29].

The choice of ‘Lactobel’, a Russian milk pro-
tein-and-carbohydrate  product with prebiotic ac-
tion, was determined by its properties. This slightly
yellow powder with a sweetish taste of powdered milk
is highly soluble in warm water and skim milk. Pas-
teurisation does not change its technological pro-
perties, i.e. it does not cause proteins to precipitate,
coagulate, or denature. In addition, ‘Lactobel’ con-
tains albumin, caseinates, lactose, whey proteins, and
a prebiotic (lactulose). Its prebiotic and bifidogenic
properties revitalise microflora in the microbial con-
sortium and beneficial microflora in the human gastroi-
ntestinal tract. As a result, its use ensures a synbiotic bio-
product with highly nutritional and biological values.

The use of Russian pine nut meal creates a synbiotic
dairy bioproduct with functional properties. According to
some studies [30—32], pine nut meal is a granular powder
with the taste of a pine nut that activates beneficial mi-
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Crushing, packaging, quality control
of the finished bioproduct ‘Pobeda-2’,
storage at (4 £ 2)°C and relative humidity
under 75%

croflora in the gastrointestinal tract and has prebiotic and
bifidogenic properties. Its protein composition includes
19 amino acids: tryptophan, leucine, isoleucine, valine,
lysine, methionine, glutamic acid, histidine, proline,
serine, glycine, threonine, alanine, aspartic acid, phe-
nylalanine, cystine, cysteine, arginine, and tyrosine. Of
these, 70% are essential and conditionally essential ami-
no acids, which indicates a high biological value of the
protein. Pine nut meal proteins contain more methionine
(up to 5.6 g/100 g of protein), cysteine and tryptophan
(3.4 g/100 g of protein) than the ideal protein. Their di-
gestibility (95%) is similar to that of chicken egg proteins.

The carbohydrate composition of pine nut meal in-
cludes polysaccharides (starch, fibre, pentosans, and
dextrins) and water-soluble sugars (glucose, fructose,
sucrose, and raffinose). A high content of dietary fi-
bre gives pine nut meal prebiotic properties. Its vitamin
composition includes mainly fat-soluble vitamins (A, E,
D, K, and F), group B vitamins, and folic acid. Its con-
tent of macro- and microelements makes pine nut meal
a unique natural source of essential minerals that play
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Table 2. Key quality indicators of ‘Pobeda’ freeze-dried bioproducts

Indicators

Characteristics of ‘Pobeda’ freeze-dried bioproducts

with pectin
and rowan puree

with pine nut meal

with ‘Lactobel’ with rowan puree

and rosehip syrup

Fat mass fraction, % 25.0+0.5 25.0+0.5 25.0+0.5 25.0+£0.5
Protein mass fraction, % 25.0+04 350+04 355+04 240+ 04
Carbohydrate mass fraction, %  40.4 + 0.5 455+0.5 36.5+£0.5 504 +0.5
Moisture content, % 3.7+£0.1 4.0=£0.1 4.0+0.1 3.8+0.1
Solubility index, cm? 0.10+0.01 0.10 +£0.01 0.10 +£0.01 0.10 £ 0.01

Sensory indicators

— taste and aroma pure fermented milk
taste with rowan fla-

vour

pure fermented milk
taste with nutty flavour
loose powder

pure fermented milk
taste

pure fermented milk
taste with rowan and
rosehip flavour

— texture loose powder creamy, uniform loose powder loose powder

— colour light pink, uniform throughout the product creamy, uniform light brown, uniform
throughout the product throughout the product throughout the product

Cell count at the end of shelf life, 1x10° 1x10° 1x10° 1x10°

not less than, CFU/g:

lactic acid bacteria

Shelf life, days 180 180 180 180

Safety indicators

Meet Technical Regulations of the Customs Union 033/2013

an important role in many biochemical processes in the
human body. It contains up to 5% of mineral substa-
nces such as copper, manganese, vanadium, potassium,
phosphorus, calcium, molybdenum, nickel, iodine, bo-
ron, zine, iron, phosphorus, and magnesium. Only 100 g
of pine nut meal meets the daily human need for mag-
nesium, manganese, copper, zing, cobalt, and iodine. In
addition, Siberian pine nut meal contains barium, tita-
nium, silver, aluminium, iodides, and sodium. Its lipids
are represented by phospholipids, cerebrosides, sulfo-
lipids, and unsaturated fatty acids (oleic, linolenic, and
gamma-linolenic). They give the bioproduct an attractive
appearance, natural taste, smell, and aroma of the raw
material, thus increasing its sensory characteristics.
Siberian rowan berries and roschips were cho-
sen due to their healing properties and ubiquity in
Western and Eastern Siberia. Rowan berries con-
tain a complex of important vitamins such as C, E,
K, P (rutin), PP (niacin), B group (thiamine, ribofla-
vin, and folic acid), vitamin A, and biologically ac-
tive substances. They have a higher content of vitamin
C (70 mg) than blackcurrant and lemon and are richer
in carotene (vitamin A) than carrots. Rowan ber-
ries contain such minerals as magnesium (331 mg),
potassium (323 mg), as well as calcium (58 mg), phos-
phorus (36 mg), and sodium (9 mg). Their trace ele-
ments include copper, manganese, iron, and zinc. They
also contain organic acids (citric, tartaric, and ursolic),
casily digestible sugars (sucrose, sorbose, fructose, and
glucose), hemicellulose, fibre, and pectic substances. We
developed a special technology to make rowan puree.

Russian rosehip syrup is a pleasant-tasting, sweet,
viscous dark brown liquid rich in vitamins C and P, pec-
tins, and flavonoids. It has a tonic effect, boosts immuni-
ty, prevents hypovitaminosis and malignant neoplasms,
and restores energy in fatigued and physically exhau-
sted people. Also, it enhances vision, improves the func-
tioning of blood-making organs, and normalises blood
pressure. Finally, rosehip syrup has powerful antioxidant
properties, participates in the synthesis of collagen, pre-
vents the destruction of bones, has a positive effect on
the regeneration of tissues and bones in cases of injuries
or fractures, and accelerates recovery from colds [33].

Table 2 shows the key quality indicators of new ‘Pobe-
da’ freeze-dried bioproducts developed during the study.

According to the data obtained during the study, the
‘Pobeda’ freeze-dried bioproducts have good sensory
characteristics and contain a sufficient number of vi-
able lactic acid bacteria cells. These new freeze-dried
bioproducts can be produced in the existing production
facilities, on fermented milk and freeze-dried biofoods
production lines.

CONCLUSION

The ‘Pobeda’ freeze-dried bioproducts of protein and
fat orientation with combiotics and metabiotics can en-
rich the diet of the Russian military performing special
tasks in the Arctic. They can also be used in rations of
servicemen performing long-transition raids with in-
creased physical activity and in survival rations.
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