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BIOLOGICALLY ACTIVE SUBSTANCES
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Introduction. Prolonged stay in the Far North imposes significant stress on the body’s adaptive mechanisms responsible for maintaining
homeostasis. In this context, the nutrition of military personnel based on a scientifically ground system that ensures optimal intake of essential
nutrients, including micronutrients, plays an important role in the acclimatization process. Proper dietary provision preserves and strengthen
the health of military personnel, preventing the development of chronic adaptive stress.

Objective. Assessment of the adaptation state of military personnel in the Arctic following inclusion of a natural product rich in dietary and
biologically active substances in their diet.

Materials and methods. The study was conducted in June—July 2022 in the Arctic, involving healthy and practically healthy male military
personnel (n = 60; mean age 37.3 + 3.1 years). The median duration of professional activity was 7.0 [5; 9] years. The subjects were divided
into the following groups. The main group (n = 30) received 10.0 g of a plant protein product (PPP) incorporated into the main dinner meal for
21 days, whereas the comparison group (n = 30) was provided with a standard ration. The formulation of the PPP was developed consider-
ing the living conditions. The PPP included: chokeberry (aronia), flax seeds, carrots, broccoli, seaweed, and chicken eggshell. The amount of
macro- and microelements, dietary fiber, and minor biologically active substances included in the PPP was calculated. The assessment of the
body’s adaptation state was performed by analyzing leukograms. A complete blood count was performed using an automated hematology
system (Abbott, USA). The types of non-specific adaptive reactions of the body, levels of reactivity, and adaptation status in the main group
prior to and following administration of the PPP, as well as in the comparison group at baseline and on day 22 of the experiment, were deter-
mined using L. Garkavi’s method. Statistical processing of the initial data was performed using the IBM SPSS Statistica 6.1 software package.
Results. In individuals of the main group, a decrease in leukocyte counts from 6.52 + 0.61 to (6.3 + 0.47) x 10%L was detected, along with an
increase in the number of eosinophils, monocytes, lymphocytes, and the percentage of band neutrophils. At baseline, in 2 (6.7%) participants
from the main group, the type of adaptive reaction was classified as “enhanced activation,” while in 14 (46.7%) individuals it was defined as
“training” and “calm activation.” By the end of the 22-day observation period, 28 (93.3%) subjects from the main group demonstrated the
body’s adaptive reactions classified as “enhanced activation,” except for 2 (6.7%) individuals whose adaptive reaction type was assessed
as “calm activation.” Prior to PPP intake, the level of body reactivity was assessed as high and medium in the majority of subjects. After
22 days, only one person in the main group had a medium level of reactivity, while all others were assessed as having a high level with the “en-
hanced activation” type of adaptive response. In individuals with the “calm activation” type, the level of reactivity was statistically significantly
high in all cases. Following the PPP course in the main group, adaptation was assessed as being within a physiological norm in all servicemen.
The comparison group, conversely, showed an increase in the proportion of individuals in a pre-nosological state.

Conclusions. It was established that in the absence of extreme cold exposure (as the study was conducted in the Arctic during the summer
period), the non-specific adaptive mechanisms of the body in individuals of the main group and the comparison group were predominantly as-
sessed as “training” (46.7-56.7%) and “calm activation” (36.7-43.3%), corresponding to high and medium levels of body reactivity. Nutritional
optimization with the inclusion of PPP in the subjects of the main group contributed to stimulating metabolic processes in the body, a positive
shift in lymphopoiesis (manifested in an increase in the proportion of individuals with the “enhanced activation” type of non-specific adaptive
reaction to 93.3% in the main group), and the restoration of the adaptation state to the physiological norm.
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COCTOAHUNE AOANTALNN BOEHHOCITY XKALLIMX B APKTUKE NMPU ONTUMU3ALUN NMUTAHUA
NMPOAYKTOM, COOAEPXALLUUM MULLIEBBIE N BUOJTOIMMYECKN AKTUBHbIE BELLIECTBA
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BeepeHue. MNMpebbiaHue B ycnosusix KpanHero CeBepa NprBOAUT K HAMPSHKEHWIO afanTalyoHHbIX peakLmin opraHmama, obecrneqmsaroLLmx
noaaep>xaHne romeocTtasa. B cBA3M ¢ aTUM NPOA0BOSIbCTBEHHOE OBECNeqeHe BOEHHOCY>KaLLMX C y4ETOM Hay4YHO 06OCHOBaHHOW CUCTE-
Mbl ajeKBaTHOrO NUTaHUS, NPeaycMaTpmBaroLLen OOBeAeHe 00 ONTUMAIbHOrO YPOBHS B paupoHax He3amMeHUMbIX MULLEBbIX BELLECTB,
B TOM Y/CNE MUKPOHYTPUEHTOB, UrpaeT Ba>kHYKO POJb B MPOLECCE akKMMaTU3auUmmn, COXPaHEHNM 1 YKPENEHNU 300P0BbS KOHTUHIEHTa,
a Takke NpeaynpeXxaeH CUHAPOMa XPOHNYECKOrO aAanTUBHOMO HaMpPsXKEHNS.

Llenb. OueHka COCTOSHMA aganTaumm BOEHHOCTY>XaLlMX B APKTUKE MPY BKIKOYEHUN B PALMOH MUTAHMA HaTypasibHOro MPoayKTa, Coaep-
Kallero nuLlesble U 61MoNorn4eckn akTUBHbIE BELLLECTBA.

MaTepuanel n MeTofpl. ViccnenoBaHue nposeaeHo noHe—none 2022 r. B APKTUKE C yHacTreM 300POBbIX 1 MPaKTUYECKM 300P0BbIX BOEH-
HOCIy>XKaLLUmX-MY>HUH (n = 60; cpegHun BodpacT 37,3 + 3,1 roga). MegvaHHasa oaMTensHOCTb NPOMECCUOHANBHOM AEATENbHOCTM COCTaBU-
na 7 [5; 9] net. MicnbiTyeMble 6binn padaeneHsl Ha rpynnbl: ocHoBHas (n = 30) (B TedeHme 21 cyT Bo Bpems Y kiHa npuHumMany no 10,0 r npo-
OyKTa 13 pactutenbHo-6enkoBoro cbipbs (MPBC), BHeCeHHOro BO BTOpoe 6ntofo); rpynna cpasHeHus (n = 30) (MTaHue No CcTaHOapTHOMY
paumoHny). Peuentypa NPBC paspaboTtaHa ¢ y4eToM yCnoBuin obutanus. B cocTaB NpoayKTa 13 pacTUTebHO-0E8IKOBOIO Chipbst BKIKOYEHDI:
YepHonnoaHas psibrnHa, cemeHa nbHa, MOPKOBb, BPOKKOM, MOPCKas KanycTa 1 CKopslyna KypuHbIX v, BktodeHe B COCTaB MULLEBBIX MH-
rpeaveHToB B MNPBC Makpo- 1 MUKPO3MEMEHTOB, MULLIEBBLIX BOSTOKOH, MUHOPHbIX B1OM0MMHYEeCK akTUBHbIX BELLECTB NMPOBEAEHO paCcHETHbIM
meTogom. OueHka COCTOAHNA aganTaLum opraHaMa NnpoBeaeHa Npu aHanmae nerkorpamm. OBLLEKIMHUHECKNUIA aHANN3 KPOBW BbINMOHEH
C CMNoMnb30BaHNeM aBTOMaTU3MPOBaHHOW remaTonorm4eckon cuctembl Abbott (CLLA). Tunbl Hecneumdmiecknx agantauyoHHbIX peakumi
opraHn3ma, ypoBHM peakTMBHOCTM OpraHuamMa, COCTOsIHME ajanTalmmy B OCHOBHOM rpynne ao v nocne npuema NPBC 1 B rpynne cpaBHeHUs!
00 Ha4Yana un Ha 22-i feHb 3KcnepumMeHTa onpeaensnu no metoguke J1.X. Mapkasn. Ctatuctndeckas obpaboTka MCXOAHbIX AaHHbIX MPo-
BefleHa C 1Crnonb3oBaHNeM nakeTa npuknagHbix nporpamm IBM SPSS Statistica 6.1.

Pesynbtathl. Y L, OCHOBHOWM MpyMMbl BbISBAEHbI CHYXKEHNE Yucna NekoumToB ¢ 6,52 + 0,61 go (6,3 + 0,47)x10%n, Bo3pacTaHne konude-
CTBa 903MHOMUIIOB, MOHOLMTOB, IMMM{OLMTOB 1 MPOLEHTHOrO COAePXKaHWs NanovKkoaaepHbIx HerTpoduioB. [o Havdana nccnenoBaHns
y 2 (6,7%) y4aCTHVKOB 13 OCHOBHOW rpynmbl TUMN afanTaumoHHOM peakummn Obi ONpefeneH Kak «MoBblleHHas akTusauus», y 14 (46,7%)
JINL, — KaKk «TPEHNPOBKa» N «CMOKOMHas akTuBaums». B KoHUe HabnopeHns Yepes 22 aHs y 28 (93,3%) UCbITyeMbIX 13 OCHOBHOW rpynmbl
afanTauMOHHbIE PeakLMn OpraHM3Ma OLEHNBAN Kak «MOBbILLIEHHYIO aKTUBALMIO», 38 UCKOHeHneM 2 (6,7 %) nnL, y KOTOPbIX TUA agantaum-
OHHOW peaKLm OLEHWUIN KaK «CMOKOMHYO akT1BaLIMio». YPOBEHb PeaKTUBHOCTI opranmama ao npuema MNPEC y 60nbLUMHCTBA UCMbITYEMbIX
OLIEHVBAaNCS Kak BbICOKUI 1 CpeaHWi; Yepes 22 AHS ML Y OAHOr0 YeNoBeKa N3 OCHOBHOW MpyMMnbl YPOBEHb PEAKTUBHOCTY OKasasics cpef-
HIM, Y BCEX OCTaSIbHbIX OLEHNBAIICA KaK BbICOKUI MNPV TUMNe afanTauMOHHOM peakumm «nNoBbILLIEHHAsA akTuBaLVs», a npy Tune agantaumoH-
HOW peakLn «CroKoNHast akTMBaLMs» YPOBEHb PEaKTMBHOCTY OpraH1M3ma CTaTUCTUHECKM 3Ha4YMO OMNpeaeseH Ha BbICOKOM YPOBHE Y BCEX
y4acTHVKoB. Nocne kypca nprema NPBC B 0OCHOBHOM rpynne y BCeX BOEHHOCY>KalLMX ajanTaums oleHnBanach kak gusmonornieckas
HOpMa, B rpynne cpaBHeHNs, HA0BOPOT, ObIIO OTMEYEHO HapacTaHne 4ONN ML, B AOHO30/I0MM4ECKOM COCTOSHNM OpraHv3Ma.

BbiBOAbI. YCTaHOBNEHO, YTO MPWU OTCYTCTBUM BIVSIHUS HA OpraH1M3M 3KCTpeMaslbHOro XOomnofa (MccnefoBaHne NMpoBOAMIOCH B APKTU-
Ke B NIeTHee BpeMmsl) Hecrneundunyieckme agantauyoHHbIe peakumn opraHMamMa fnL, OCHOBHOWM rpynmbl W FPynmbl CpaBHEHWS oLeHuBanmv
KaK «TpPeHnpoBKa» y 46,7-56,7% 1 «cnokomHas aktusauuns» y 36,7-43,3% npu BbICOKMX 1N CPEOHNX YPOBHSX PEaKTMBHOCTM OpraHmM3ma.
OnTMM3aumst IUTaHKs NULLEBLIM NPOAYKTOM 13 PaCTUTENBHO-6e1KOBOMO Chipbst Y UCMbITYEMbIX OCHOBHOW rpynnbl criocobcTBOBana ctu-
MYIMPOBaHNIO METabONMHECKNX MPOLIECCOB B OPraHnamMe, Mo3nTUBHOM AnHaMKKe NuMdonoa3sa (BospacTtaHue gonm nuuy o 93,3% B 0CHOB-
HOW rpynne ¢ TUNOM HecneunpuyecKon afanTauOHHON peakLmmn «NOBbILLEHHAsS akT1BauWs») 1 BOCCTAHOBIEHNIO COCTOAHWA adantaumm
00 DU3NONOrNHECKON HOPMBI.

KnioueBble cnoBa: ApKTWKa; BOEHHOCNYXallMe MO KOHTPaKTy; MPOAYKT K3 PacTUTeNbHO-6EKOBOro Chipbsl; PauMOH NUTaHus;
3hhEKTUBHOCTb; COCTOsIHWE aganTaummn

Ons untuposanus: PaxvarHos P.C., HapytomHos [.A., Boromonosa E.C., PasrynuH C.A. CocTosiH1e aganTaLmm BOeHHOCTyXallmx B Ap-
KTUKe Mpvi ONTUMK3ALIMN MMTAHUS MPOAYKTOM, COAEePXKaLLUMM MULLEBLIE 1 OUONOTMYECKN aKTUBHbIE BELLeCTBa. SKCTpemasisHas bruomenn-
umHa. 2026. https://doi.org/10.47183/mes.2026-450

durHaHCcUpoBaHue: cclenoBaHne BbiNoMHEHO 663 CMOHCOPCKON MOAASPXKKN.

CooTBeTCcTBME NPUHLMNaM 3TUKN: UCCNenoBaHne ogobpeHo nokanbHbIM aTndecknm komutetom OIrE0Y BO «MVIMY» MuHaapasa Poccumn
(npoTokon Ne 4 ot 14.038.2022). Bce naumeHTbl nognmcani nHpopM1MpoBaHHOE corflacie Ha ydacTie B UCCNefoBaHuK, a TakKe UCNonb30-
BaHMe 06€3MNHEHHbIX MEQULIMHCKNX AAaHHbIX.

MoTeHuManbHbIN KOHMANKT MHTEPECOB: aBTOPbI 3a9BNAT 06 OTCYTCTBUN KOHMINKTA MHTEPECOB.
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INTRODUCTION

State interests in the development of the Arctic zone of
Russia necessitate a permanent military presence as
part of the strategic deterrent forces'2. Under chang-
ing living conditions, significant alterations occur in the
functional state of the human body, with physiological
functions being reorganized to a new adaptive level [1].
Even permanent residence in the Far North among in-
digenous small-numbered peoples is associated with
stress on the body’s adaptive mechanisms responsible
for homeostasis maintenance [2, 3]. It, therefore, can be
expected that prolonged deployment of healthy military
personnel in this area, in the course of their professional
activity, may have a negative impact on the body’s adap-
tation status and overall resistance [4].

Human activities in northern environments lead to
an increase in the body’s energy and plastic require-
ments, including vitamins and minerals®. In this context,
the adequate nutrition of military personnel based on
a scientifically ground system that ensures the intake
of essential nutrients, including micronutrients, plays
an important role in the acclimatization of servicemen,
preserving their health and preventing chronic adaptive
stress.

The conducted analysis of combined-arms and na-
val rations showed a reduced content of vitamins A,
C, B,, B,, and niacin, as well as a calcium deficiency
[5, 6]. The study by Kirichenko et al. emphasized the
regular (course-based) introduction of vitamins and
minerals into the diet of military personnel during au-
tumn-winter periods [7]. A number of studies [8-11]
proposed food products possessing therapeutic and
prophylactic properties, the formulations of which were
developed based on local raw materials, both plant-
(northern berries) and protein-based (from animal hus-
bandry and fishing). For example, the development of
food products aimed at enhancing the body’s adap-
tive capacity takes into account the pathogenesis of
the predominant diseases observed among popula-
tions residing in northern regions [9]. At the same time,
the technological and resource constrains associated
with the production of such products from raw materi-
als and berries limit their widespread application [8-11].
Consequently, the creation of food products that con-
tribute to the prevention of diseases associated with the
specific conditions of professional activity in the North
remains a pressing issue.

The aim of this study was to assess the adaptation
status of military personnel in the Arctic following the in-
clusion of a natural food product containing dietary and
biologically active substances in the diet.

MATERIALS AND METHODS

The study, conducted in June—July 2022 in the Arctic,
involved healthy and practically healthy male contract
military personnel (n = 60; mean age 37.3 + 3.1 years).
The median duration of professional activity of the par-
ticipants was 7.0 [5; 9] years.

In order to assess the effectiveness of the tested
plant protein product (PPP) on their adaptation state, the
subjects were divided into the following groups:

e Group 1 (main, n = 30) received 10.0 g of the PPP
as part of the main course during dinner for 21 days;

e Group 2 (comparison, n = 30) received a standard
ration.

The inclusion criteria were healthy and practically
healthy military personnel who provided their voluntarily
consent to participate in the study, who had not taken
vitamin and mineral complexes or dietary supplements,
and who had not traveled on leave to other regions of the
country over the previous six months.

The basic food ration included products delivered
during the navigation period, such as canned vege-
tables, vegetables and fruits heat-dried according to
norm No. 1, as well as products delivered to regions
of the Far North*. Water supply was provided using
melted snow or ice, characterized by low mineraliza-
tion. The living and working conditions of the partici-
pants were identical. Prior to the onset of the study,
no vitamin or specialized food products were included
in the diet.

Based on the results of previous studies assessing
hemogram parameters in military personnel [12, 13], as
well as data on insufficient iodine supply in the human
body under northern conditions [14, 15], a formulation
of PPP was developed. The product includes the follow-
ing ingredients: chokeberry, flax seeds, carrots, broc-
coli, kelp (seaweed), and chicken egg shell. The primary
processing method for the ingredients was low-temper-
ature drying [16] (Certificate of Conformity UAEC No. RU
D-RU.PA03.B.69039/24).

The inclusion of macro- and microelements and di-
etary fiber in the PPT composition was carried out by
calculation [17]. The presence of minor biologically active
substances in the composition of the finished product
was assessed without determining their quantitative val-
ues based on the data from [18-22)].

At present, the food package composition for
the Arctic ration has not been specified. The nutrition of
contract military personnel is organized in accordance
with the norms approved in Decree No. 946°. In the
present study, norm No. 1 (combined-arms ration) was
used, taking into account additional products supplied

" Decree of the President of the Russian Federation dated February 27, 2023 No. 126 “On Amendments to the Strategy for the Development of the Arctic Zone
of the Russian Federation and Ensuring National Security for the Period up to 2035.

2 On Approval of the Maritime Doctrine of the Russian Federation / Decree of the President of the Russian Federation dated 31.07.2022 No. 512.

% Methodological Recommendations MP 2.3.1.0253-21 «Norms of physiological requirements for energy and nutrients for various population groups of the

Russian Federation».

4 Decree of the Government of the Russian Federation dated 29.12.2007 No. 946 «On food supply for military personnel and certain other categories of persons,
as well as on the supply of feed (products) for regular animals of military units and organizations in peacetime» (as amended on 18.09.2020, No. 1484).

5 Ibid.

EXTREME MEDICINE | 2026



OPUI'MHAJIbHASA CTATbA | APKTUMECKASA MEOULIHA

in the regions of the Far North and the Arctic zone
(canned fish, butter, cookies, condensed milk, canned
green peas, squash caviar, dried fruits). The energy val-
ue of this ration (norm No. 1) is 4466.7 + 230.7 kcal, in-
cluding proteins — 165.5 + 6.7 g, fats — 158.6 = 16.1 g,
and carbohydrates — 587.9 + 29.4 g [6]. According to
several authors, ration No. 1 provides only 45.3% of the
recommended intake of vitamin A, 75.0% of vitamin C,
70.0% of vitamin B,, 45.0% of vitamin B,, and 77.5% of
niacin, while the calcium deficit reaches 31.4% relative
to the standards established by MR 2.3.1.2432-05°. For
this reason, correction of the standard diet to compen-
sate for deficiencies in essential micronutrients were
proposed in [5-7] .

In this work, we approached the task of optimizing
the nutrition of contract military personnel by introducing
micronutrients in the diet based on determining the clini-
cal signs of their deficiency [12, 13], taking into account
data on iodine status in the population of the North [14,
15]. Individuals in the main group receiving the PPP ad-
ditionally received macro- and microelements, includ-
ing all vitamins (specifically C, K, and A), minerals (the
highest doses of Ca, |, Fe, Se, Cr, Mn), and dietary fiber
(Table 1).

The maintenance of the body’s adaptive capacity
and antioxidant defense system also depend on the
presence of minor biologically active food substances
[23] contained in plant protein products. In addition to a
wide spectrum of vitamins and minerals, the composi-
tion of vegetable and berry powders includes biologi-
cally active substances such as choline, carotenoids,
phytosterols, anthocyanins, lutein, zeaxanthin, beta-
cryptoxanthin, organic acids, pectin, and tannins (from
chokeberry). Flax seeds are rich in polyunsaturated and
free fatty acids, monoacylglycerides, diacylglycerides,
tocopherols, sterols, phospholipids, waxes, carot-
enoids, polysaccharides, and phenolic acids. Carrots
are a source of polyacetylenes, falcarinol, pyrrolidine,
beta-carotene, and organic acids. Broccoli contains al-
pha- and beta-carotene, lutein, zeaxanthin, lycopene,
glucoraphanin, and phenolic compounds, and kelp
contains beta-carotene, fucoxanthin, fucoidans, and
alginic acid.

To assess the status of body adaptation, the leuko-
grams of participants were analyzed in the main group
before and after administration of vegetable and berry
powders, and in the comparison group at baseline
and on day 22 of the experiment. Blood sampling
was carried out in the morning after an overnight fast
into vacuum tubes (LabVac) at the Taimyr Interdistrict
Hospital. Within 3 h, the samples were transported
to the Central Research Laboratory of Krasnoyarsk
State Medical University for performing a complete

blood count using an automated hematology analyzer
(Abbott, USA).

The status of body adaptation was assessed in
three stages according to the method developed by
Garkavi [24]. First, the type of non-specific adapta-
tion reactions of the body was determined based on
the relative lymphocyte count as a criterion indicator.
The following reaction types were identified: “training
reaction” — 20-27.5%; “calm activation reaction” —
28-34%; “heightened activation reaction” — 34.5-
44%; “overactivation reaction” — over 40-44%.

The second stage involved the assessment of the
proportions of monocytes, eosinophils, basophils,
band neutrophils, and the total leukocyte count, as well
as the levels of body response’: high, medium, low, and
very low.

At the third, final stage, the adaptation state was

assessed: physiological norm, pre-nosology, or dis-
ease. To that end, for each type of adaptation re-
sponse, the number of individuals with different levels
of body reactivity was determined. For the “calm ac-
tivation” and “heightened activation” reaction types,
the adaptation state was assessed as “physiological
norm” (healthy) with a high or medium reactivity level,
and as “pre-nosology” with a low reactivity level. For
the “training” adaptation reaction type, with a high re-
activity level, the adaptation state was classified as nor-
mal; with a medium reactivity level — “pre-nosology”;
with a low reactivity level — “disease.” For the “overac-
tivation” and “stress” reaction types, with a high re-
activity level, the adaptation state was assessed as a
manifestation of pre-nosology, and for the others — as
“disease™.
Statistical processing of the initial data was performed
using the IBM SPSS Statistica 6.1 software package
(USA). The normality of distribution was determined us-
ing the Kolmogorov—Smirnov test. For parametric data,
mean values and their standard deviations (M + SD) were
calculated; for non-parametric data, the median (M) and
interquartile range [Q,; Q,] were calculated. The statisti-
cal significance of differences at p < 0.05 for parametric
indicators in dependent samples was calculated using
Student’s t-test, and for non-parametric indicators, us-
ing the Wilcoxon test. The statistical significance of dif-
ferences in assessing the effectiveness of vegetable and
berry powder intake was determined using Pearson’s
chi-squared test (x?).

RESULTS AND DISCUSSION
When assessing the effectiveness of incorporating

vegetable and berry powders into the diet of individuals
in the main group, statistically significant differences

6 MR 2.3.1.2432-08 «Norms of physiological requirements for energy and nutrients for various population groups of the Russian Federation» for individuals working
in the Far North. Moscow: Federal Center for Hygiene and Epidemiology of Rospotrebnadzor; 2009.
7 Khursa RV, Eryomina NM, Korzun NN. Screening methods for assessing body adaptation in outpatient practice: educational and methodological manual. Minsk:

BSMU; 2018.
& Ibid.
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Table 1. Daily intake of macro- and microelements from the plant protein product

Consumption parameters
Nutrient
consumed dose % of daily dose
Proteins, g 1.22 112
Fats, g, including 1.22 2.22
SFAs, 10% of kcal 1.08 0.3
PUFAs, 6-10% of kcal 713 1.95-3.24
Omega-6, 5-8% of kcal 1.674 0.57-0.92
Omega-3, 1-2% of kcal 54 0.15-0.074
Carbohydrates, g 4.43 0.84
Vitamins
A, pg retinol equivalent 701 7.8
E, mg tocopherol equivalent 0.27 1.8
C, mg 15.0 15.0
B,, mg 0.061 41
B, mg 0.032 1.8
B,, mg 0.21 4.2
B, mg 0.066 3.3
B, Hg 4.2 0.84
B, Hg 0.012 0.4
Biotin, pg 0.424 0.85
K, ug 11.34 9.45
PP, mg niacin equivalent 0.224 112
D, ug 0.39 2.9
Minerals
F, mg 0.21 5.25
l, ug 31.91 21.3
Cu, mg 0.052 5.2
Zn, mg 0.31 2.5
Fe, mg 0.7 7.0
Mn, mg 0.121 6.05
Cr, ug 2.45 6.13
Se, ug 4.61 6.6
Mg, mg 16.4 3.9
P, mg 37.52 5.36
Na, mg 15.49 1.2
Ca, mg 684.03 68.4
K, mg 126.71 3.62
Dietary fiber, g 1.43 5.72-712

Table compiled by the authors based on their own data

Note: SFA — saturated fatty acids; PUFA — polyunsaturated fatty acids.
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Table 2. Dynamics of blood leukogram parameters in the examined individuals over the observation period

Observation period
Baseline Day 22
Reference
Leukogram parameters values
General Comparison General Comparison
group group group group
n=30 n=30 n=30 n=30
Leukocytes, x 10%/L! 3.9-10.6 6.52 + 0.61 6.5 + 0.47 6.3 + 047" 6.55 £ 0.65
Band neutrophils, %? 1-6 0.40.2-0.8] | 0.7 [0.5-0.8] | 0.6 [0.5-0.8]" | 0.8[0.45-0.8]
Basophils, %2 0-1 0.51[0.3-0.8] | 0.4 [0.2-0.65] | 0.6[0.4-0.8] | 0.4 [0.2-0.75]
Eosinophils, %? 1-5 2.95[1.9-3.9] | 2.7 [1.7-3.55] | 3.65 [2.8-41]" | 2.8 [1.55-3.55]
Monocytes, %' 2-10 6.05 + 1.88 6.6 + 1.35 6.7 £ 1.14* 6.68 + 1.75
Lymphocytes, %? 28-45 28.2 27.6 39.5 26.9
[25.1-31.9] [25.6-29.25] [37.4-41.2] [25.6-27.65]
Table compiled by the authors based on their own data
Note: ' — data presented as arithmetic means and standard deviations (M + SD); > — data presented as median and interquartile

range (M, [Q,; Q,]); * — differences are statistically significant in dependent groups, p < 0.05.

were revealed within the reference intervals for a
number of parameters, namely: a decrease in leuko-
cyte count from 6.52 + 0.61 to (6.3 + 0.47) x 10%L,
an increase in the number of eosinophils (from 2.95
to 3.65%), monocytes (from 6.05 + 1.88t0 6.7 + 1.14%),
and lymphocytes (from 28.2 to 39.5%). At the same
time, an increase in the ratio of band neutrophils was
noted, recorded at the level of the lower limit of the
physiological norm, while the proportion of basophils
in the subjects remained unchanged. These changes
are likely associated with the enrichment of vitamin
and mineral status in the participants following the
intake of vegetable and berry powders (in particular,
B, B,,, 256-OH-vitamin D, Fe, Ca) and the modulation
of metabolic processes, manifested in the functional
properties of leukocytes [25].

In the comparison group, the analyzed parameters
did not show statistically significant differences over the
observation period (Table 2).

Prior to the study, in 2 (6.7%) subjects from the main
group, the type of adaptation reaction was classified
as “heightened activation” (as the lymphocyte propor-
tion reached 35.0-37.5%), in 14 (46.7%) individuals —
as “training” (lymphocyte proportion within 20-27.5%)
and “calm activation” (lymphocyte proportion with-
in 28-34%). Following the 22-day observation period,
28 (93.3%) subjects from the main group showed the
body’s adaptation reactions assessed as “heightened
activation,” except for 2 (6.7%) individuals, whose adap-
tation reaction type was assessed as “calm activation.”
These types of adaptation reactions are characterized
by specific patterns in the thymic-lymphatic (immune)
and endocrine subsystems of the body, corresponding
to the upper range of physiological norm, where anabolic

processes prevail over catabolic processes. This profile
most likely represents a morphological equivalent of the
participants’ adaptation to constantly acting extreme
environmental factors [24].

In the comparison group, the type of adaptation reac-
tion at baseline was assessed as “training” in 17 (56.7%)
participants and as “calm activation” in 13 (43.3%) indi-
viduals. At the end of the observation period, the propor-
tion of individuals whose adaptation reaction type was
assessed as “training” increased to 19 (63.3%), while the
number of individuals with the “calm activation” type de-
creased to 11 (36.7%).

When characterizing the levels of body response in
the examined individuals over the observation period
across different types of non-specific adaptation reac-
tions, it was found that, prior to intake of vegetable and
berry powders, all individuals, except for one (1.7%) par-
ticipant showed the reactivity at high and medium levels.
In the main group, with the “heightened activation” type,
a low reactivity level was recorded in only one person. At
baseline, among participants in the main group with the
“training” type of adaptive reaction, reactivity levels were
assessed as high in 5 (35.7%) individuals and medium
in 9 (64.3%) individuals (p = 0.001). Meanwhile, among
those with the “calm activation” type, a high level of
body reactivity was statistically significantly determined
in 2 (14.3%) subjects, and a medium level in 12 (85.7%)
participants. For the “heightened activation” reaction
type, in one participant from the main group at baseline,
the reactivity level was assessed as medium, and in one,
as low.

Over the 22-day observation period, only one in-
dividual in the main group exhibited a medium reac-
tivity level, whereas others a high level of reactivity
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Table 3. Characteristics of body reactivity levels during the observation period under different types of non-
specific adaptation reactions, %

Group and observation period
Body reactivity level General Comparison
Baseline Day 22 Baseline Day 22
non-specific adaptation reactions of the body in the "training" state
High 35.7 0 58.8 36.8
Medium 64.3 0 4,2 63.2
p = 0.001 p =0.002
non-specific adaptation reactions of the body in the "calm activation" state
High 14.3 100.0 15.4 9.1
Medium 85.7 0 84.6 90,9
p = 0.001 -
non-specific adaptation reactions of the body in the "heightened activation" state
High 0 50.0 0 0
Medium 50.0 50.0 0 0
Low 50.0 0 0 0
p = 0.001 -
Table compiled by the authors based on their own data
Note: “0” — absence of subjects with a determinable level of body reactivity; “~” — absence of statistically significant differences.

associated with the “heightened activation” adaptation
type. Simultaneously, following 22 days, among individ-
uals in the main group with the “calm activation” type,
the level of body reactivity was statistically significantly
high in all participants.

In the comparison group, conversely, the proportion
of individuals with a medium level of body reactivity in-
creased (Table 3).

Optimization of the diet was reflected in the leuko-
gram parameters of individuals in the main group, while
no changes in the comparison group were noted. This
also influenced the status of body adaptation. Overall, at
the beginning of observation, the adaptation state was
defined as “pre-nosology” in 30% of individuals in the
main group and in 23.34% in the comparison group.

Following the course of vegetable and berry pow-
ders in the main group, the adaptation state was as-
sessed as a physiological norm in all military person-
nel. In the comparison group, conversely, a statistically
significant (x> = 12.0; p = 0.001) increase to 40% was
noted in the proportion of individuals in a pre-nosolog-
ical state of the body (see Figure). Based on leukocyte
indicators and calculated leukocyte indices, it was
previously established that the “pre-nosology” state is
characterized by weakening of the humoral and cellular
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immunity and a decrease in the phagocytic activity of
cells [26].

It should be noted that the observation reported in
the present paper were obtained during the summer pe-
riod. It can be assumed that with increasing exposure

B adaptation state assessed as “pre-nosology”
B adaptation state assessed as “health” (physiological norm)

general group

100 ~
comparison
80 A general group
group comparison
group
60 -

40

20 4

Adaptation state structure, %

Baseline

Day 22 Observation
period

Figure prepared by the authors based on their own data

Fig. Adaptation state parameters among military
personnel during the observation period
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to extreme cold, the body’s adaptation response may
undergo further changes.

The obtained results demonstrate the potential of
multicomponent products developed using cryogenic
technology and containing biologically active substanc-
es. formulations tailored to specific living conditions.
These products can be used for optimizing the nutrition
of military personnel and other populations operating in
Arctic environments.

CONCLUSION

1. Assessment of the effectiveness of PPP inclusion in
the diet of participants in the main group established a
statistically significant decrease in total leukocyte count
and an increase in the relative proportion of band neu-
trophils, eosinophils, monocytes, and lymphocytes, all
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