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YjieHbl peJaKIIUOHHOM KOJLJIErul

Anucumos Anopeii Ilasnosuu, TOKTOp MEAUIIMHCKUX HayK, podeccop, 3aMeCTHTEIb
JIHUpeKTopa Mo Hay4Ho# padore ([ocymapcTBEHHBIN HAay4HBII IEHTP MPHUKIATHOW MH-
KpoOuonornn u 6norexHoioruu demaepaibHOI CIyKOBI IO HA/30py B Cepe 3amuThl
MpaB MoTpeduTeneld u 6aaronoryyus 4eiaoBeka, noc. Odonenck, CepnyxoBCcKuil p-H,
MockoBckas 00i1., Poceniickas deneparius).

bamuvipoexosa Ceemnana Ecumbexosna, TOKTOp XUMHYECKUX HayK, BEAYIIHI Hayd-
HbIi coTpynnuk (Ka3axckuii HAIMOHANBHBINA YHUBEPCUTET M. anib-Dapabu, Anmarsl,
Pecny6nuka Kaszaxcran).

baxpywun Braoumup Eezenvesuy, TOKTOp HU3HKO-MaTEMaTHISCKHUX HAyK, podeccop,
3aMeCcTUTeNb aupekrtopa VHCTUTyTa MHYOPMAIIMOHHBIX M COIMAIbHBIX TEXHOJIOTHU,
3aBeAyromuil kKadeapoii cucTeMHOTO aHaiIKu3a U Beiciieil MmateMaruku (Knaccuueckuit
MIPUBATHBIN YHUBEPCUTET, 3aI0POXKbE, YKpAHHa).

byxo Bauecnag Yavsnosuy, TOKTOp OHMOIOTMYECKUX HAyK, Ipodeccop, 3aB. OTIEIOM
onoxumuueckoit papmakonoruut (MHCTUTYT OMOXMMUH OMOIOTHYECKH aKTHBHBIX CO-
enunenuit AH Benapycu, I'ponno, Pecriy6nmka benapycs).

Bacunenxo Bumanuti Hukonaesuu, JOKTOp TEXHUYECKUX HAyK, JOLCHT, JEKaH TEXHO-
norndeckoro ¢axynsreta (BopoHeXCKHIt TOCyNapCTBCHHBIH YHHBEPCHTET MHXKEHEp-
HBIX TexHOorui, Boponex, Poccuiickas ®enepanus).

Henamosa Hpuna Axumogna, TOKTOp MEAUIMHCKHX Hayk, mpodeccop JIOP kadenpsr;
BEAYIIUI HAay4YHBI COTPYIHHK Jaboparopun "KnmHndeckoit marodusnonoruu"; py-
KoBOIUTENb Jaboparopun "VIHHOBaIMOHHBIX METONOB OOCIEIOBAHUS M KOPPEKIUHU
CEHCOPHBIX cucTeM uenoBeka" (KpacHospckuii rocynapcTBEHHBI METUIIMHCKUH YHU-
BepcuteT uM. B.®. BoitHo-Scenerkoro Munucrepcrsa 31paBooxpanenusi Poccuiickoii
Genepauny; OenepanbHoe rocyIapcTBEHHOE OIO/KETHOE HaydHOe yupexaenue «De-
JiepajbHBIT HccnenoBaTenbekuil neHTp «KpacHospekuit HayuHblil neHTp CHOHpCKoro
otzaenenus Poccniickoit akagemun Hayk»; denepaabHoe rOCyIapCTBEHHOE OIOKETHOE
oOpazoBarenbHOE YUpexkIeHHE BBICILIETO MPO(eCCHOHATBHOTO 00pa3oBanus «KpacHo-
APCKHI rOCyIapCTBEHHBIH negarornyeckuii yuusepcureT uM. B.I1. ActadoeBay, Kpac-
HosIpcK, Poccuiickas denepanus).

Kasaxosa Anua CabuposHa, OKTOp OHOIOTHUECKHUX HAyK, podeccop, 3aBeayromias Ka-
(enpoii arpodrorexnonoruu (A3oBo-UepHoMOpCcKuid HHKEeHEpHbIH HHCTUTYT PI'BOY
BO Monckoii I'AY, 3epHorpan, Poccuiickas ®eneparus).

Kosnose Bacunuii Braoumuposuy, KaHAUAAT MEANINHCKIX HayK, TOIEHT, TOIEeHT Kade-
JpBI OOIIECTBEHHOTO 30POBBs M 3ApaBooxpaHeHus (PemepanbHOe rocyIapCTBEHHOES
ABTOHOMHOE 00pa3oBaTeIbHOE YUpekaAeHHe Bbiciiero oopa3zoBanus [lepBriii Mockos-
CKUI rocyIapcTBEHHbIM MeauuuHCKul yHuBepcuteT uMmeHu .M. CeuenoBa Munu-
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crepcTBa 3apaBooxpaHeHus Poccuiickoit @enepaunu (CeueHOBCKUil YHUBEpCHUTET),
Mockga, Poccuiickas @enepanust).

Jlecosckaa Mapuna Heopesna, NOKTOp OHONOTHYECKUX HayK, mpodeccop, mpodeccop
kadepsl SKOHOMHKH M arpobOusneca (DexepaibHOE rocylapcTBEHHOE OOIKETHOE
oOpasoBareibHOE YUpekIeHHE Bbicero oopazoBanus «KpacHospckuii rocyapcTBeH-
HBII arpapHblil yHuBepcuteT», Kpacnosipek, Poceniickast enepanns).

Jucnax Anamonuii Anamonvesuu, KaHIUIAT CETbCKOXO3SHCTBEHHBIX HAyK, JOIEHT,
CTapIINi HAYYHBIH COTPYIHUK, 3aBEAYIOIIUI JTabopaTopueil JIeCHOrO MOYBOBEIACHUS
YrkpHUWIIXA; noueHt kadenps! sxoioruu U Heodkonornn XHY (YkpauHckuii Ha-
YYHO-HCCIIEA0BATEIILCKUI HHCTUTYT JIECHOIO XO3SCTBA U arpoJIeCOMEIMOPALUU UM.
I'H. Beicoukoro (YkpHUWIIXA); XapbKoBCKHII HAIlMOHAJIBHBI YHHBEPCUTET HM.
B.H. Kapasuna (XHY), XapbkoB, Ykpauna).

Manuyx Banepuii Tumogheesuu, TOKTOp METUIIMHCKIX HayK, podeccop, dieH-Koppe-
crionneHT PAH, HayuHBI pykoBomuTenh MHCTHTYTa (DenepanbHOe ToCyIapCTBEHHOE
OrOKEeTHOE HayyHOE yupexkaeHue «DenepanbHblii HccinenoBaTenbekuii nentp «Kpac-
HOSApCKUH HaydHbId LeHTp Cubupckoro otaenenusi Poccuiickoil akageMuu Hayk»,
Kpacnosipck, Poccuiickas deneparus).

Meoseoes Jleonuo Hecmeposuu, TOKTOp OHMONOTHYECKHX HayK, Ipodeccop, mpodec-
cop kadenps! Onodusuku MucTuTyTa QyHAaMEHTAIBHOM OMOIOTHU M OMOTEXHOIOTUH
(denepanpHOE TOCYIapPCTBEHHOE aBTOHOMHOE 0OpAa30BAaTENbHOE YUPEXKIECHHE BbIC-
mero npodeccrHoHambHOro 0opazoBanus «CHOUPCKHiA (enepaibHbIli YHUBEPCHUTETY,
Kpacnosipck, Poccuiickas deneparys).

Moticeénox Anopeii ' eopeuesuy, TOKTOp OUOIOTUYCCKUX HAYK, MPOPeccop, WICH-KOp-
pecrionienT HAH Benapycn, 3aBegyromuii OTaenoM BUTaAMAHOIOTHH W HYTPHIICBTH-
ku ['T] "UnctutyT Onoxummn 6uonorndecku akTHBHBIX coeqnneHniit HAH benapycu"
(I'ponHO), m1aBHBIA Hay4HbIH coTpyaHuk Otaena nutanus HIIL HAH Bemapycu mo
nponoBoibeTBri0 (MuHek) (HanmonansHast akagemust Hayk bemapycu, PecryOnmka
benapycs).

Mysyposa Jlroomuna Braoumupogna, TOKTOp MEAWIMHCKUAX HAyK, Ipodeccop, mpo-
(eccop xadenpsr anatoMuu yenoBeka (CapaToBCKUil rOCYIapCTBEHHBIN MEIUITMHCKUH
yuausepcuteT uMm. B.M. PasymoBckoro Munucrepcta 3apaBooxpanennst Poccuiickoit
Ddenepanun, Caparos, Poccuiickas deneparis).

Hayanosa Aiinaw Ilaxyawoena, TOKTOp OMOIOTHYECKUX HAyK, podeccop, TIaBHBII
HayuHbIi coTpynnuk (Kasaxckuit arporexandeckuii yausepcuteT um. C. Ceitdynnmna,
Acrana, Pecriyonuka Kazaxcran).

Oxaszoea 3apuna [lemposna, TOKTOP CEITLCKOX035HCTBEHHBIX HAYK, IOLEHT, IOIEHT Ka-
(denpsr "Teoskonornn u ycroitunsoro pa3zsutus” (CeBepo-OceTHHCKHUI rocyJapcTBEH-
Heid yauBepcutet uM. K.JI. Xeraryposa, Bmagukaskas, Poccuiickas @enepanns).
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IIpuoauyrx Maxcum Ilemposuu, TOKTOp SKOHOMHYECKUX HaykK, rpodeccop, 3amecTu-
Teuss aupexropa (Bonrorpanckuit dpuman PAHXul'C, Bonrorpan, Poccuiickas dene-
panus).

Ipowun /Imumpuii Heanosuu, KaHAUJAT TEXHUYCCKUX HAYK, PyKOBOAUTEIb OTAENA
nepcneKTUBHBIX pazpabotok (Bell Integrator, [1ensa, Poccuiickas @enepanusi).

Ilynuxos Anamonuii Cmenanosuy, TOKTOp MEAUIIMHCKHX HayK, IIPOQeccop, OTIINIHIK
3npaBooxpaHeHus PO, miaBHBI HAydHBIH COTPYIHHUK TPYyMITbl HYHKIMOHAIBEHON MOp-
(onornn KIMHUYIECKOTO OT/AENCHNUS TTaTOJIOTHUH MUIIEBAPUTENFHON CHCTEMBI y B3POC-
neIX U geteit (PenepasibHOE roCy1apcTBEHHOE OIOIKETHOE HaydHOe yupexkaeHue «De-
JlepasibHBII HccaenoBaresbekuil neHTp «KpacHospckuil Hayunblid neHTp Cubupckoro
otaenenus Poccuiickoii akanemun Hayk», KpacHosipck, Poccuiickas deneparus).

Panonopm XKan JKozegosuu, NTOKTOp MEIUIMHCKUX HAyK, mpodeccop; KOHCYIBTaHT
(Pormpanunas xacca "Jleymnt", Xaiida, M3panin)

Paxumoe Anexcandp Hmarnyunosuu, TOKTOp XUMHYECKHX Hayk, mpodeccop, mpodec-
cop no kadenpe «Opranudeckas xumusi» (Bosrorpackuii rocy1apcTBeHHbIH TEXHH-
YecKHil yHUBepcHuTeT, Bonrorpan, Poccuiickas denepanus).

Paxumosa Haoedxcoa Anexcanopoera, NOKTOp XMMHUYECKUX Hayk, mpodeccop (Boi-
TOrpajJicCKUil roCyaapCTBEHHbIN TeXHUYECKUM yHuBepcurteT, Bonrorpan, Poccuiickas
Denepanus).

Pooicko Tamvsana Baaoumuposna, xanmunat OHOIOTMYECKHX HayK, JOLEHT, DOLEHT
Kadeapsl MeAMIMHCKOM 1 6uonoruyeckoit pusuxu (KpacHosipckuii rocyapcTBeHHbIH
MeaunuHeKuil yHuBepcuter uM. B.®. Boiino-SIcenenxoro MunucrtepcTsa 31paBoox-
panenns Poccuiickoit deneparyn, Kpacuospek, Poccuiickas deneparys).

Cemxkos Huxonaii Anexcanopoguu, TOKTOp ONOIOTHIECKUX HayK, Mpodeccop, IITaBHBIH
Hay4YHBIH COTPYAHUK, MEKIyHApOAHBIN HAyYHBIH HEHTP HCCIIEIOBAHUS SKCTPEMAallb-
HBIX COCTOSIHUH OpraHusMa, npogeccop kadenpsl Onopusuku MucTHTYyTa DyHIAMEH-
TaJabHOM Omonoruu u Ouorexnosorun (PenepanbHoe rocynapcTBEHHOE OIOIKETHOE
Hay4yHoe yupexaeHue «DexepalibHblil HccnenoBaTenbCckuid 1neHTp «KpacHospckuit
Hay4HBIN 1leHTp Cnbupckoro otaenenus Poccuiickoit akagemun Hayk»; denepanbHoe
TOCYIapCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEXKICHHE BBICIIETO IPOoQeccHo-
HaJbHOTO 00pa3oBanus «Cubupckuit GpenepanbHblil yHHBepcuTeT, KpacHospcek, Poc-
cuiickas deneparys).

Cmupnosa Onvea Banenmunosna, TOKTOp MEIUIMHCKUX HaykK, mpodeccop, 3aB. Ja-
Goparopueii kimHHueckol naropusuonornn HUW MITIC ®UILL KHI] CO PAH; npo-
(deccop Kadenpsl MeTUIUHCKOH Ononoruu MHCTHTYTA (yHIaMEHTaIbHOW OMOIOrHU
n ouorexnonorun COY; npodeccop kadenpsl BHyTpeHHUX Oone3Heil Memuko-Tcu-
XoJ0ro-conuanabHoro uHCTUTyTa XI'Y (DemepanpHoe rocyrapcTBEHHOE OIOMKETHOE
HayuHOe yupexaeHue «dDemepanbHbId HccaeqoBarenbckuil neHTp «KpacHospekuit
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Hay4HbIH 1leHTp Cubupckoro otnenenus Poccuiickoli akagemun Hayk», DenepanbHoe
rOCyJapCTBEHHOE aBTOHOMHOE 00pa30BaTeNIbHOE YUPEK/ICHHE BBICIIETO MpodeccHo-
HaJIBHOTO 0Opa3oBanus «CHOUPCKUH (enepalbHbIil yHUBEPCUTET», XaKacCKUH rocy-
napcrBeHHbIN yHUBepcuTeT uMenn H. @. Karanosa, Kpacnosipck, Poccuiickas ®ene-
paums).

Tepewenro Cepeeii IOpbesuy, TOKTOp MEIUIIMHCKHUX HAyK, IPO(eccop, pyKOBOIHUTEIb
KIIMHIYECKOTO OT/ETEeHHs COMAaTHYECKOTO M ICHXUYECKOTro 310poBbs aertelt (Dene-
pasbHOE TOCYAapCTBEHHOE OIOIKETHOE HaydHOe yupexkaceHue «DenepaiabHblil Hccie-
noBarenbekuil meHTp «KpacHospckuid HayuHbli neHTp Cubupckoro otaenenus Poc-
cuiickoii akagemuu Hayk», Kpacuosipck, Poccuiickas deneparus).

Tuppanen Jlans Cmenanogna, TOKTOp OMOJIOTHUECKHX HAyK, BELyIIHH HAydHBIH CO-
TPYIHHK, MEX/{yHapOIHBIH HAYIHBII IIEHTP HCCIESIOBAHMS KCTPEMATBHBIX COCTOSHIH
opraansma (PeznepanbHOE TOCYAapCTBEHHOE OIOMKETHOE HaydHOE yupexaeHue «De-
JiepasibHBII HccaenoBarenbekuil eHTp «KpacHospekuil Hayunslid neHTp Cubupckoro
otaenenus Poccuiickoii akanemun Hayk», KpacHospck, Poccuiickas ®eneparus).

Typeens Hpuna [Imumpuesra, TOKTOp SKOHOMHYECKUX Hayk, mpodeccop, npodeccop
Kaenpsl TOCyIapCTBEHHOTO ¥ MyHHIUMIAIbHOTO yrpasieHus (PI'BOY BO "VYpanb-
CKHI TOCYIapCTBEHHBII »KOHOMUYecKuil yHuBepcuteT', ExarepunOypr, Poccuiickas
Odenepanns).

Tetwyenxo Enuszasema Anexceesna, TOKTOp TEXHHYECKUX HayK, TOLEHT, Ipodeccop Ka-
(denpsr «ToBapoBeneHus 1 yripaBieHHe KauecTBOM» (KeMepoBCKMiA TeXHOIOTHYECKUI
WHCTUTYT MUILEBON npomblinuieHHocTH, KemepoBo, Poccuiickas deneparys).

Hlamanosa Hamanva Ilemposna, xkanaunar GU3HKO-MaTeMaTHYEeCKHX HAyK, JOLEHT,
npodeccop kadeaps! MaTeMaTHKY, HHYOPMATHKN U METOAUKY pernonaBanus (Kyiobr-
meBckuid rman HoBocHOMPCKOro rocy1apCTBEHHOTO MEIaroriyecKoro YHUBEpCHTe-
ta, Kyitosimes, Poccuiickas ®eneparnms).

Ulnaiioep Hamanvs Anexceeéna, TOKTOP MEIUIMHCKUX HayK, mpodeccop, 3aBeay-
fomast kKadenpoil MeIUIMHCKON TeHeTHKH W KIMHHYeCKod Heipodmsnonornu Mu-
CTHTYTa MOCJICIUIUIOMHOTO 00pa30BaHMs, pyKOBOAUTENs HeBporornueckoro nenrtpa
STHIENTONOTHN, HEHPOTEHETHKH U UCCIIEA0BAHNS MO3Ta YHHUBEPCHUTETCKON KIMHHUKH
(KpacHosipckuii rocynapCcTBeHHbBI MeIUUUHCKUNA yHUBepcuteT uM. B.d. Boiino-
Slcenenxoro MuHucTepcTBa 3apaBooxpanenus Poccuiickoit denepanuu, KpacHospcek,
Poccuiickas deneparus).
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HYGIENIC ASSESSMENT OF ACTUAL DIETING
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The paper presents statistical data on foods consumption by the residents
of the Khakas Republic. It also contains an analysis of actual dieting of the
adult population with low energy expenditure in terms of dietary adequacy
indications. A number of suggestions aimed at dieting optimization are made.
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I'M'MEHUYECKAS ONEHKA ITMTAHUA
B3POCJIOI'O HACEJIEHUS PECIIYBJIMKU XAKACHUSA
C HUBKUMMU DHEPI'OTPATAMUA

Konopawoea E.A.

B cmamwve ompadsicenvr cmamucmuyeckue oanHvle 0 nompedieHuu nuuye-
861X NPoOyKkmos nacenenuem Pecnybnuxu Xaxacus. Ilpuseden ananus ¢ax-
MULECKO20 NUMAHUSL 63DOCI020 HACENEeHUs. ¢ HUBKUMU IHEPSOMPAmamu no
NOKa3amensam nuujeol adekeamuocmu. M3znoocenvl npednodicenus no onmu-
MU3AYUU NUMAHUSL.

! Konnparosa E.A. I'nruenndeckas OleHKa MUTaHHsS B3POCIOro HaceleHus Pe-
cryOonukn Xakacus ¢ HU3KUMU dHeprorparamu / B Mupe HayuHbIX OTKpbITHI, 2016.
Ne 3(75). C. 10-19. doi:10.12731/wsd-2016-3-1.



B Mupe Hay4HbIx oTkpbITUiA, Tom 9, Ne3, 2017 11

Knwuesvie cnosa: I’lpOdmebl numanust, K(l]lOpulZHOCl’)’lb,' numameilbHble
eewecmed, 6UMAMUNbL, MUHepAllbHble seujecmed, payuor NUMaHusl.

Dieting is considered to be one of the fundamental factors that should be
taken into account for the aims of health maintenance and promotion of the
employable age population. According to calculations carried out by econo-
mists, doctors as well as nutritionists the daily consumption rate per person in
Russia is on average 2200 kcal (in 1990-2590 kcal). Based on the FAO (Food
and Agriculture Organization) international classification [7], the dieting ener-
gy consumption of 2200 calories is thought to be insufficient and is considered
to be an indicator of long-term malnutrition. It should be noted that the last few
decades are characterized by a decrease in physical activity of the population
of the Russian Federation, which in turn leads to a decrease in energy expendi-
ture. This reduces not only the amount of food consumed, but also the intake of
essential nutrients [8, pp. 10-24; 9, pp. 5-8, 11]. Therefore, today the priority
should be given to dieting studies of people with low energy expenditure.

The aim of the study: to analyse and assess actual dieting of adult residents
of the Khakas republic with low energy expenditure along with working out
dieting optimization suggestions.

The object of the study: 400 people of employable age engaged mainly
in intellectual labour. The criterion being their profession, all the respondents
were divided into 2 groups according to the physical activity coefficient (PAC)
up to 1.6 and exceeding 1.6.

Methods of the study: the data on actual dieting were obtained using ques-
tionnaires and survey procedures. The hygienic assessment of the respondents’
actual dieting was carried out using the method of the daily 24-hour recon-
struction in accordance with the guidance notes on the study of actual dieting
and health status in relation to the dieting habits as well as the ‘The tables of
the Russian food products chemical composition’ reference book [3, pp. 4-23;
6, pp. 6-274]. The diets were assessed in terms of their quantity and quali-
ty, taking into account the energy value and structure (the number of calo-
ries replenished at the expense of proteins, fats and carbohydrates), chemical
composition, including the amount of food (proteins, fats, carbohydrates) and
biologically active substances (vitamins A, B1, C, E, minerals Ca, Mg, P, Fe)
[4, pp. 12-44; 10, pp. 11-22].

The findings were then compared to the standards 2.3.1.2432-08 ‘The phys-
iologic needs for energy and nutrients standards for different groups of the pop-
ulation’ [1, pp. 2—4]. The study results were processed using the nonparametric
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statistics method along with Microsoft Office Excel 2007 software by calculat-
ing the median and interquartile range (Me, Q,-Q.). The differences obtained
were considered statistically relevant at the level of significance equal to p<0.05.

The results of the study

The data provided by the local agency of the Federal State Statistics Ser-
vice for the Khakas Republic over the period of 2010-2014 show the residents’
reduced consumption of biologically valuable foods (meat and meat products,
dairy products, fruit and vegetables), the result being the insufficient intake of
complete proteins, polyunsaturated fatty acids, micronutrients and vitamins
that might tell on public health due to unbalanced dieting [2, pp. 27-28, 5].

According to the data shown in Table 1, the average per capita consump-
tion of meat and meat products over the period of 2010-2014 in the Khakas
Republic remains at a low level compared with the physiological dieting stan-
dards (on average 69.4 kg [5].

Over the above-mentioned period consumption of dairy products increased
from 250 kg/year in 2010 to 260 kg/year in 2014, that amounted to 81.3% of
the required consumption standards.

There is also a shortage of the per capita consumption of vegetable pro-
duce. However, it should be noted that in general consumption of vegetables
increased from 109 kg/year in 2010 to 118 kg/year in 2014 and amounted to
98.3% of the required consumption standards.

Table 1.
Actual consumption of basic food groups by the residents of the Khakas Republic
in 2010-2014 compared to the required consumption standards

2010, | 2011, | 2012, | 2013, | 2014, g‘;iﬂ;gﬁﬂ
No | Foods group kf/p::rs. kag/p:;rs. kf/p;rrs. kag/p:;rs. kf/p;rrs. standards kg/
Y Y Y Y Y pers. a year
Bakery
products
|| dntemsof gy y3s | 13s | o130 | 128 95-105
flour, flour,
cereals, le-
gumes
2. | Potatoes 119 119 119 115 115 95-100
3. | Veeetables 10 g 117 117 118 120-140
and gourds
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End of the Table 1.

4, | Frutand g9 40 45 47 46 90-100
berries
Meat and
5. | meat prod- 66 68 72 73 68 70-75
ucts (total)
Milk and
6. | dairy prod- 250 263 267 266 260 320-340
ucts (total)
g, |Fishandfish| ) o115y | 165 - - 18-22
products
8. Sugar 30 31 32 32 32 24-28
Vegetable oil | 10.3 10.5 11.3 11.2 11.2 10-12
10 Eggs 251 pec | 260 pc | 265pc | 255pc | 250 pc 260 pc

According to the data obtained from the questionnaires and survey there
is insufficient consumption of basic food products in comparison with the
relevant data from the Siberian Federal District and the Russian Federation
(Table 2).

Table 2.
Actual consumption of basic food groups by the residents of the Khakas Republic
according to the data obtained from the questionnaires

Consumption
Actual Required . according to the
. . Divergence, . .
consumption | consumption % statistical data in
No | Foods group |kg/pers. aday| standards, 2014,
kg/pers. a kg/pers. a day
PAC | PAC day PAC | PAC
<l.6 | >1.6 <1.6 | >1.6 SFD RE
Bakery
products in
1. | terms of flour, | 0.23 | 0.29 0.27 85.2 | 107 0.34 0.32
flour, cereals,
legumes
2. Potatoes 0.29 | 0.32 0.27 107 | 118 0.36 0.3
3, | Vegetablesand | 4o | oy 035 514 60 | 027 | 03
gourds
g | Frutand o o 026  [462]385 | 013 | 0.17
berries
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End of the Table 2.

Meat and meat
5- | products (total) | 0102 | 0133 0.2 51 | 675 | 02 0.2
6. | Milkand dairy | ) 1) | 56 0.9 488 | 622 | 07 | 0.66
products (total)
7. | Fishandfish | o500 10 049]  0.054 75.9 | 90.7 - -
products
8. Sugar 0.074 [0.070| 0.071  [104.2] 98.6 | 0.09 0.1
9 | Vegetable oil | 0.029 [0.031 0.03 96.6 | 103 | 0.03 | 0.037
10 Eggs 025 | 0.21 1 pc 25 | 21 | 071 | 073

The average actual energy value of diets intended for men with PAC<1.6
amounts to 1934.80 kcal (Q,-Q,;1451.00-2321.80), with PAC>1.6 - 2253.12
keal (Q,,-Q,1913.78-3060.89), which is less compared with the established
daily energy needs standards of 2100-2800 kcal (for men with PAC<1.6) and
2950-3300 kcal (for men with PAC>1.6). It is also correct for women who
have shown a reduced energy value of their daily diet that amounts to 1595.05
keal (Q,-Q,,1327.60-1825.09) and 1608.70 kcal (Q,.-Q,,1248.23-1769.85)
for women with PAC<1.6 and PAC>1.6 respectively. The differences are sta-
tistically relevant (p <0,05).

The ratio of proteins, fats and carbohydrates in the diet of men with
PAC<1.6 amounts to 1:1.04:3.1, with PAC>1.6 - 1:1:3.7, of women with
PAC<1 6 - 1:1.1:3.9, of women with PAC>1.6 - 1:1:3.4.

The content of calcium, phosphorus and magnesium in the daily diet of
men with PAC<1.6 amounts to 1:1.8:0.5, of men with PAC> 1.6 - 1:1.6:0.6.
Women with PAC<1.6 showed the following ratio of calcium, phosphorus and
magnesium - 1:1.4:0.5, with PAC>1.6 - 1:1.5:0.4.

This ratio fails to comply with the physiologically required ratio (1:1.5:0.5),
which might negatively affect the absorption of these minerals.

The average vitamins content in the daily diet of men is shown in Table 3.

Table 3.
Vitamins content in the daily diet of men according
to the data obtained from the questionnaires
Actual content:
Vitamins Standard need PAC= 1.6 PAC16
Average . Average .
Divergence Divergence
value value
A, mkg (ret. eq.) 900 580 -35.5% 1120 +24%




B Mupe Hay4HbIX oTKpbITUI, Tom 9, Ne3, 2017 15

End of the Table 3.

C, mg 90 45.4 -49.5% 65.2 -27.5%
B, mg 1.5 0.69 -46% 0.96 -36%
E, mg (toc. eq.) 15 12.2 -18.6% 15 -

The analysis of men’s daily rations vitamin content found out that those
with PAC>1.6 had a higher vitamins consumption rate, being relevant from the
statistics point of view, compared with those with PAC<1.6. (p<0.05).

Table 4.
Vitamins content in the daily diet of women according
to the data obtained from the questionnaires
Actual content:
N Standard PAC<1.6 PAC>1.6
Vitamins
need Average . Average .
Divergence Divergence
value value
A, mkg (ret. eq.) 900 590 -34.4% 510 -43.3%
C, mg 90 64 -28.8% 45.3 -49.6%
B, mg 1.5 0.63 -42% 0.64 -57.3%
E, mg (toc. eq.) 15 10.2 -32% 11.4 -24%

According to the data obtained, women’s diet vitamin composition fails to
comply with the physiologically required ratio.

Conclusion

Actual dieting of the adult population with low energy expenditure in the
Khakas republic is characterized as being unbalanced in terms of foods them-
selves, energy adequacy ratio as well as nutrients.

The survey revealed the reduced energy value of the residents’ daily ration.
The actual ratio of proteins, fats, carbohydrates and minerals is thought to be
unbalanced.

To maintain and promote health as well as reduce the risk of alimentary-de-
pendent diseases development a number of measures should be taken aimed at
optimizing dieting of the residents with low energy expenditure. The complex of
measures that should be implemented with the participation of the government
of the republic, as well as health authorities and the Federal Service on Surveil-
lance for Consumer Rights Protection and Human Welfare is as follows:

— in order to handle the issue of micronutrient deficiency fortification of

mass consumption foods, especially bread and bakery products, should
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be one of the trends of the Khakas Republic regional policy in the
sphere of healthy dieting;

— medical staff (especially GPs) should be more aware of alimentary risks
leading to the development of diseases and their complications, as well
as the link between health indicators and actual dieting, of using food
supplements as an additional source of micronutrients;

— residents with low energy expenditure should be more aware of dieting
issues including the ones related to age and occupation, ration energy
value and chemical composition.

References

. Metodicheskie rekomendatsii MR 2.3.1.2432-08 «Normy fiziologicheskikh

potrebnostey v energii i pishchevykh veshchestvakh dlya razlichnykh grupp
naseleniya Rossiyskoy Federatsii» [Norms of physiological requirements in
energy and nutrients for different population groups of the Russian Federation].
Moscow, 2008, pp. 2-4.

O sostoyanii sanitarno-epidemiologicheskogo blagopoluchiya naseleniya v Res-
publike Khakasiya v 2014 godu [On the state of sanitary-epidemiological welfare
of the population in the Republic of Khakassia in 2014]. Abakan, 2015. 172 p.
Martinchik A.N., Baturin A.K., Feoktistova A.I., Svyakhovskaya 1.V. Otsen-
ka kolichestva potreblyaemoy pishchi metodom 24-chasovogo sutochnogo
vosproizvedeniya pitaniya [Assessment of the quantity of food consumed by
method 24-hour recall]. M.: Minzdrav RF, 1996. 24 p.

Shibanova N.Yu., Khorunzhina S.I., Permyakova L.V. et al. Pitanie i zdorov’e
[Nutrition and health]: methodical book. Kemerovo, 2007. 80 p.

Prikaz Ministerstva zdravookhraneniya i sotsial’nogo razvitiya RF ot 2 av-
gusta 2010 g. N 593n «Ob utverzhdenii rekomendatsiy po ratsional 'nym nor-
mam potrebleniya pishchevykh produktov, otvechayushchim sovremennym
trebovaniyam zdorovogo pitaniya» [On approval of recommendations on ra-
tional norms of consumption of food products that meet modern requirements
of healthy eating]. http://base.garant.ru/12179471/#ixzz41knQS8IsS (accessed
January 13, 2016).

Skurikhin .M., Tutel’yan V.A. Tablitsy khimicheskogo sostava i kaloriynosti
rossiyskikh produktov pitaniya [Table chemical composition and caloric con-
tent of the Russian food]: a guidebook. M.: DeLi Print, 2007. 276 p.

FAO. FAOSTAT. http://www.fao.org/statistics/ru/ (accessed February, 20, 2016).
Shibanova N.Yu., Khorunzhina S.I. Pitanie dlya zdorov’ya [Food for health].
Part 1. Kemerovo, 2007. 82 p.



B Mupe Hay4HbIx oTkpbITUiA, Tom 9, Ne3, 2017 17

10.

11.

Shibanova N.Yu. Gigienicheskaya otsenka fakticheskogo pitaniya shakhterov
Kuzbassa [Hygienic assessment of actual nutrition in Kuzbass miners]. Kem-
erovo, 2009. 274 p.

Shibanova N.Yu. Gigienicheskaya otsenka fakticheskogo pitaniya shakhterov
Kuzbassa [Hygienic assessment of actual nutrition in Kuzbass miners]. Kem-
erovo, 2008. 46 p.

Yashina M.L. Zdorovoe pitanie naseleniya Rossii: realii i perspektivy [Healthy
food of the population of Russia: realities and prospects]. Ekonomicheskie
issledovaniya, December, 2013 Ne4 (13). http://www.erce.ru/internet-maga-
zine/magazine/36/567/ (accessed December 10, 2015).

Cnucok numepamypul
Mertonuueckue pexkomenaanuu MP 2.3.1.2432-08 «Hopwmsl ¢pusnonoruyeckux
OTpeOHOCTEN B SHEPTUH M TMIIEBBIX BELIECTBAX IS Pa3IMYHBIX IPYIIT HAace-
nenust Poccuiickoit @eaepaunn». M.: Oenepanbhblil nentp [occananuanan-
30pa Munszzapasa Poccun, 2008. C. 2—4.
O CcOCTOSHNH CaHUTAPHO-IIHMIECMHUOJIIOTHYECKOTO OJIAronoNyyus HaCeJICHUs B
Pecnyonuke Xaxkacust B 2014 roqy. AbGakan: YrpasieHue PocriorpebHaazopa
o Pecny6nuke Xakacus, 2015. C. 172.
OreHKa KOIMYECTBA MOTPEOISIEMOM MUIIKM METOJIOM 24-4acOBOTO CyTOYHOTO
BocnpousBeacHus: mutanus / A.H. Maprununk, A.K. barypun, A.W. ®eok-
tuctoBa, V.B. CBsixoBckasi / yTB. 3aMECTHUTENIEM INIABHOTO TOCYIAPCTBEHHO-
ro canutapHoro Bpaya Poccuiickoii ®enepanun I'.I. Onumenko 26.02.1996.
NeC1-19/14-17. M.: Munzzapas P®, 1996. C. 24.
IMuranue u 310poBbe: MeToamyeckoe mocodue / H.IO. IlIubdanosa, C.1. Xo-
pymxkuHa, JI.B. Ilepmsxosa u np. Kemeposo, 2007. C. 80.
IIpukaz MuHuncTepcTBa 3ApaBOOXpAaHEHUS W COIHAIBLHOTO pa3BuTus PO
ot 2 aBrycra 2010 . N 5931 «OO0 yTBep:KA€HHH PEKOMEHIAINH 110 parmo-
HaJILHBIM HOpMaM NOTPEOJCHUS IMUIIEBBIX MPOAYKTOB, OTBEYAIOIIUM CO-
BpEMEHHBIM TpeOoBaHusM 310poBoro mnutanus» URL: http://base.garant.
ru/12179471/#ixzz41knQ8l1sS (mara oopamenus 13.01.2016).
Ckypuxun .M., TytenbsH B.A. TaGmuubl XUMHYECKOIO COCTaBa U KaJlo-
puiiHOCTH poccuiickux mpoaykToB nutanus: CnpaBounuk. M.: [leJlu IlpuHnT,
2007. C. 276.
®AO. FAOSTAT. URL: http://www.fao.org/statistics/ru/ (mara oOpaiueHus
20.02.2016)
[lIn6anosa H.1O. [Muranue ais 3moposkst/ H.1O. lTubanosa, C.1. XopyHxuHa
// Kak ObITh 310poBbIM: [Tocobue miist monoaexu. U.1. Kemeposo, 2007. C. 82.



18 Siberian Journal of Life Sciences and Agriculture, Vol 9, Ne3, 2017

9. IlImnGanosa H.IO. 'mruennyeckast oneHka (GpakTHYECKOTO MUTAHMS IaXTEPOB
Kysb6acca: luc. ... a- pa men. Hayk. Kemeposo, 2009. C. 274.

10. IIn6anosa H.}O. I'mruennyeckas oneHka (HakTUUECKOrO MUTAHUS MIAXTEPOB
Kysbacca: ABroped. auc. ... 1-pa men. Hayk. Kemeposo, 2008. C. 46.

11. Smmua M.JIL. 3n0poBoe muTaHue HaceleHus: Poccuu: peanin U mepCreKTUBBI
// IHTepHeT-)KypHa!I «DKOHOMHYECKHE HCCIIENOBaHUsM», aekadps 2013 No4
(13). URL: http://www.erce.ru/internet-magazine/magazine/36/567/ (nara o6-
pamenus 10.12.2015).

DATA ABOUT THE AUTHOR
Kondrashova Ekaterina Aleksandrovna, Postgraduate Student Department
of Hygiene
Kemerovo State Medical Academy
22a, Voroshilova St., Kemerovo, Kemerovo Region, 650029, Russian
Federation

kemsma@kemsma.ru
SPIN-code: 8189-3662

JAHHBIE Ob ABTOPE
Konapamosa ExatepuHa AnexkcaHapoBHA, aClIMPAHT KadeIpbl TUTUCHBI
Kemeposckas eocyoapcmeennas meouyunckas akademus
yi. Bopowunosa, 22 a, e. Kemepogo, Kemeposcras oonracmoe, 650029,
Poccuiickas @edepayus
kemsma@kemsma.ru



B Mupe Hay4HbIx oTkpbITUiA, Tom 9, Ne3, 2017 19

DOI: 10.12731/wsd-2017-3-19-24
UDC 613.2

HYGIENIC ASSESSMENT OF FOODS QUALITY
AND SAFETY WITHIN THE TERRITORY
OF THE KHAKAS REPUBLIC!

Kondrashova E.A.

The paper presents the results of the research within the territory of the
Khakas Republic of foods in terms of chemical safety indicators. The rate of
non-oncogenic risk in relation to food consumption was determined as well as
the analysis of alimentary-dependent diseases levels was carried out. A num-
ber of suggestions aimed at reducing dietary risk factors were made.
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I'MI'MEHUYECKAS OHEHKA KAYECTBA
N BE3OITACHOCTHU INPOAYKTOB ITUTAHUSA
HA TEPPUTOPUHU PECITYBJIIUKHN XAKACHUA

Konopawoea E.A.

B cmamve ompasicenvl pe3ynomamul ucciedosanuil na meppumopuu Pe-
cnybnuku Xaxacus npoOyKmo8 numanusi no noKazamenam Xumuyeckou Oe3-
onachocmu. Ycmanoenena 6enuyuna HeKaHYepOo2eHHO20 PUCKA 6 C653U C NOo-
mpebnenuem nuuesvlix npodykmos. Ilpuseden ananus yposmeu arumenmapHo-
3asucumot 3abonegaemocmu. HM3100ceHbl NPeoodHCeHUs No CHUNCEHUIO alu-
MEHMAPHBIX PaKmopos pucka.

Knrwouegvie cnosa: npooykmuvl numanus; aiumMeHmapHo-3a6Ucumas 3a00-
J1e8aeMoCmb, HUMpAmMul, XUMUYECKAS 6€30NACHOCMb; OYeHKA PUCKA, IKCNo-
3UYUA KOHMAMUHAHMOM, KO3 uyuenm onacnocmu.

! Konaparosa E.A. Turiennueckast OleHKa KauecTBa M 0€30MacHOCTH MPOIYKTOB
MUTaHus Ha Tepputopun Pecrybnukn Xaxacus / B mupe Hay4dHbIX OTKpbITHIL, 2016.
Ne 3(75). C. 20-26. doi:10.12731/wsd-2016-3-2.
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Environment, diet as well as lifestyle are considered to be significant fac-
tors to affect public health. About 30% of the negative factors impact on pub-
lic health comes from the impact of environmental factors. Foods quality and
safety has a serious effect on public health [1, pp. 6-33; 3, pp. 4-10].

In 2010-2014 there was an increase in the alimentary-dependent diseases
incidence rate within the territory of the Khakas Republic (Table 1).

Table 1.
The alimentary-dependent diseases track record of all the residents
of the Khakas Republic in 2010-2014 (*/

000)

Disease classes, disease sub- Period of monitoring Growth rate
by 2010

classes, nosological entities 2010 | 2011 | 2012 | 2013 | 2014 %
Endocrine, nutritional and
metabolic disorders
Diseases of the blood and
blood-forming organs
Diseases of the circulatory
system

Neoplasms 33.8 | 35.41 | 38.41 | 38.23 | 38.50 13.9

57.89 | 63.83 | 65.36 | 75.17 | 76.91 32.8

102 | 1035 | 99 | 11.26 | 14.78 44.9

212.23(212.39(207.63|217.14{212.30 0.03

The largest increase among the alimentary-dependent pathology rate is ob-
served in diseases of the blood and blood-forming organs (44,9%), endocrine
system diseases, nutritional and metabolic disorders (32,8%).

The areas with the biggest number of cases of the blood and blood-forming
organs diseases are as follows: Shirinsky district (14.7 per 1000 residents),
Bogradsky district (14.8), the cities of Abakan (23.7) and Chernogorsk (16.1),
whereas the average rate in the Khakas Republic is estimated within 11 to 14
per 1000 residents.

The following districts are among those that are characterized by a larger
number of cases of the endocrine disorders compared to the average rate in the
republic (2014: 76.9 per 1000 residents): Shirinsky district (125.5 per 1000
residents), Ordzhonikidzevsky district (99.3), Ust-Abakansky district (77.8),
the city of Abakan (99.9) [2, pp. 61-65].

The purpose of the research is to analyse the foods quality within the terri-
tory of the republic in terms of the sanitary-chemical indicators in 2010-2014
as well as carry out risk assessment procedures related to foods consumption
followed by a number of suggestions aimed at reducing the alimentary factors
that affect the Khakas Republic residents.
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The object of the research is considered to be foods available at shops and
public catering places.

The subject of the research is considered to be the foods safety sani-
tary-chemical indicators regulated by the unified sanitary, epidemiological and
hygienic requirements for goods subject to sanitary and epidemiological super-
vision (control) approved by the Customs Union commission dated 28.05.2010
No 299 as well as technical guidelines of the Customs Union. The protocols of
the tests carried out at the certified testing laboratory centre (Federal State-Fund-
ed Healthcare Institution ‘Centre for Hygiene and Epidemiology of the Khakas
Republic’) over the period of 2010-2014 were used to assess the foods. Both the
photometric and tetrametric research methods were applied. The statistics data
processing was carried out with the use of the Microsoft Office Excel 2007 soft-
ware. The descriptive statistics of the research results is presented by the relative
indicators that include calculation of 95% confidence intervals. The calculation
of foods contamination exposure in terms of the number of the residents was
carried out using the median as well as the 90™ percentile of foods contamination
rate [4, p. 3-20].

Research results

Having analysed the chemical contamination level in the foods, we have
observed its fall by half over the period of 2012-2014 (3.4% to 1.7%). But
despite the decrease, the contamination annual average rate in the Khakas Re-
public for 2014 is higher than the one in the whole territory of the Russian
Federation, which amounted to 0.64%.

The average chemical contamination rate for the period of 2012-2014 in
the Khakas Republic amounts to 2.42(1.6-3.5)%. The share of off-standard
production samples for the above-mentioned period decreased from 9% to
4.69%, the average rate being 4.62% (0.7—15.7) (Pic. 1).

The increase in the share of the samples that do not meet the above-men-
tioned requirements was observed in the produce group, including vegetables
(1.82% in 2010 to 3.99% in 2014).

The off-standard samples were found in the 6 administrative territories of
the Khakas Republic, namely, in the cities of Chernogorsk and Sorsk as well as
in Bogradsky, Ust-Abakansky, Tashtypsky, Ordzhonikidzevsky districts.

The main chemical contaminants are still thought to be nitrates, the av-
erage off-standard samples over the period of 5 years (2010-2014) being
9.2%, while the average content rate of pesticides, arsenic, cadmium amounts
to 0.2%, the content of lead — 0.6%, antibiotics — 2.6%, whereas no mer-



22 Siberian Journal of Life Sciences and Agriculture, Vol 9, Ne3, 2017

cury content was found in both foods and other type of produce over the

above-mentioned period.

10%
9%
8%
7%
6%

9%

6%
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Pic. 1. Variation in the share of off-standard food samples
that do not meet the hygienic requirements in terms of the sanitary-chemical-
indicators for the period of 2012-2014

Both domestic and imported produce fails to meet the standards in terms
of nitrates content.

It is due to the fact that in the Khakas Republic the basic chemical con-
taminants in foods are nitrates found in fruit and vegetables, that the exposure
assessment of these chemicals was made.

The contaminant exposure of the foods was made according to the formula:

N
SUM (€M)
=
Exp=-—r—, (1)
Exp — the contaminant exposure value, mg/kg of the body weight /day (mg/kg
of the body weight/week, mg/kg of the body weight/month);
C, — contaminant content in i-product, mg/kg;
M, —i-product consumption, kg/day (kg/week, kg/year);
BW — human body weight, kg (standard value — 70 kg);
N — total amount of the products used for the purposes of the research.

To calculate the risk of non-oncogenic impacts development the danger
coefficient (HQ) was taken into consideration; the latter is expressed as the
ratio between the assessed contaminant dose and permissible one according to
the formulas:
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C
HQumeq = :Deld (2)
Expooy,
HQqy, = “ADI (3)

The produce consumption rate was established according to the budget-
funded research activities.

While calculating the foods contaminant exposure the data used were as
follows: the standard human weight value (70 kg), median, 90" percentile of
nitrates content in the produce over the period of 2010-2014.

Table 2.
Exposure value and danger coefficient (HQ) for the residents
of the Khakas Republic as nitrates are consumed orally along with the produce

Contaminant exposure value (Exp), | Danger coefficient value
mg/kg of the body weight/day (HQ)
Me 0,69 0,18
90" percentile 4,92 1,32
Conclusion

Taking into consideration the research results obtained, the issue of pro-
viding the residents of the Khakas republic with high quality and contami-
nant-free foods seems to be one of the most pressing ones.

In order to ensure good nutrition of the residents of the Khakas republic in
terms of its compliance with both sanitary and epidemiological standards, as
well as to prevent contaminated and potentially off-standard foods being avail-
able on sale, it seems advisable to enhance the foods laboratory monitoring in
research of contaminants.

For the aims of health maintenance and promotion, it is necessary to carry
out an awareness-raising activities campaign among the residents of the re-
public providing information on healthy dieting, taking vitamin and mineral
supplements to prevent alimentary-dependant disorders.
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ASSESSMENT OF EPIZOOTIC ACTIVITY
AND EPIDEMIC RISK IN HEMORRHAGIC
FEVER WITH RENAL SYNDROME FOREST FOCI
OF PRIMORSKY KRATI'

Kushnareva T.V., Kumaksheva E.V.

In forest foci of hemorrhagic fever with renal syndrome (HFRS) of Primorsky
Krai Amur and Hokkaido hantaviruses are circulated in the natural host popu-
lation, i.e. Apodemus peninsulae and Myodes rufocanus. The indicators of epi-
zootic activity and their threshold values in rodent population dynamics were
determined in order to forecast HFRS outbreaks. The material for the research
was obtained throughout 2001-2013. The number of trap-nights was 33890.
2737 of A. peninsulae and 1643 of M. rufocanus were investigated. ELISA, RT-
PCR, IFA were used for the detection of hantavirus antigen, RNA, antibodies/
avidity. The parameters of epizootic activity per 100 TN (N — population, n,— in-
Jfected rodents, n ,— individuals with acute infection) were proposed. The results
showed that the active foci of Amur viral infection are located on the slopes of
the Sikhote-Alin ridge. The epizootic activity in A. peninsulae populations is
characterized by the expressed cyclicity: phase I is rise, phase Il is high activity,
phase Il is recession/low activity. Phases I and Il are valid up to a year, where-
as phase 111 is valid within a few years, determining the whole epizootic cycle.
In phase I the number of rodents with an acute infection increased from summer
to late autumn. In phase II the number of rodents with acute infection was con-
siderable in spring/summer and decreased in autumn more than 3 times. In all
phases of the cycle the threshold values were considerably higher for A. penin-
sulae, than for M. rufocanus, thus showing the former’s epidemiological role in
forest ecosystems. HFRS infection rate in phases /Il of the epizootic cycle in A.
peninsulae populations had two peaks: during late autumn — winter (> 37% of
cases) and spring — first half of summer (> 55% of cases).

! Kymnapesa T.B., Kymakmresa E.B. Ouenka 3u300THIECKOIT aKTUBHOCTH U JIIH-
JIEMHUYECKOTO PUCKA B JIECHBIX O4arax reMopparuiecKkoil JIMXOpaaKy ¢ MOYeUHbIM CHH-
npomoM [Ipumopckoro kpast / B mupe nHayunsix otkpsitaid, 2016. Ne 6(78). C. 92-108.
doi:10.12731/wsd-2016-6-6.



26 Siberian Journal of Life Sciences and Agriculture, Vol 9, Ne3, 2017

The obtained threshold values of Amur hantavirus active circulation in popu-
lation dynamics of the natural host allows to predict the periods of the increased
risk of infection in HFRS forest foci for humans.

Keywords: hantaviruses; rodents; hemorrhagic fever with renal syndrome
(HFRS), natural foci; Primorsky Krai.

OIIEHKA 3IIU300TUYECKON AKTUBHOCTHA
N GIMNIEMHUYECKOI'O PUCKA B JIECHBIX OYATAX
TEMOPPATMUYECKOM JIMXOPAJKHA C IOYEYHBIM
CUHAPOMOM ITPUMOPCKOT'O KPAA

Kywnapeea T.B., Kymakwiesa E.B.

B necnvix ouazax eemoppazuueckoli 1uxopaoxku ¢ NOYeYHbIM CUHOPOMOM
(TJITIC) IIpumopcrozo kpas yupkynupyrom xaumasupycol Amur u Hokkaido 6
NONYIAYUSAX NPUPOOHBIX X0351e6 — Apodemus peninsulae u Myodes rufocanus.
C yenvro npozcrosa noovemos sabonesaemocmu I JITIC onpedenensvt uHouka-
MOpHbLE NOKA3amenu SNU300MUeCKol AKMUEHOCMU U UX NOPO2O8ble 3HAYE-
HUsl 8 QuHaAMuKe nonyusyuu epwizynos. Mamepuan nonyuen ¢ 2001-2013 ze.
Bvicmasneno 33890 nosywiko-nouetl (n-n). Mccnedosarno 2737 A. peninsulae
u 1643 M. rufocanus. Anmueen, PHK xanmasupyca, cneyuguueckue anmu-
mena / asuonocmu eviaensiiu ¢ UPA, OT-IIL{P, HM®DA. Ilpeonosicenvl noxa-
samenu snuzoomudeckou akmuenocmu na 100 n-n: N — eca nonynayus, n, —
6ce unpuyuposanie; n, — 6ce 0coou ¢ ocmpotl ungexyuerl. Pesyrbmanmo
NOKA3anU, Ymo axkmuenvle oyacu Amur-eupyCcHou UH@EeKyuu pacnoioliceHsl
Ha cxknounax xpeoma Cuxoma-Anuns. InuU300muueckds akmueHOCMs 6 NONY-
aayusax A. peninsulae umeem evipasicennyro yukauunocms: 1 gpaza — noovem,
11 — svicoxas, Il — cnao / nuszkas akmusnocmo. 1 u Il pazel dnsimes we 6onee
200a, Il paza onumcs HecKkobKO iem, onpeoensisi Nepuood 6Ce20 INU300MuYe-
cko020 yuxaa. B I ¢hazy uucno 36epvros ¢ ocmpoil ungexyueil y8eruiueaniocs
om niema K nos3oueu ocenu. Bo Il uucno 36epvkos ¢ ocmpoui unghexyueti OvLio
3HAYUMENbHO blUle BECHOU/IEMOM, CHUMNCASCL 0CeHblo Donee yem 6 3 pasa.
3uauenus noxkazamenei 80 6ce hazvl Yukaa ObLIU 3HAYUMETLHO ble V A.
peninsulae, yuem y M. rufocanus, ykasvieas Ha ee 3nuU0eMutecKyro 3Ha4UMOCmb
6 iecHbix axocucmemax. B nepuoo I u Il ¢pasz snuzoomuyeckoeo yuxia 6 nony-
asyusx A. peninsulae 3a6oneeaemocmo IJIIIC 6 kpae umena 06a nuxa: ocem-
He-3umMHull (= 37% cayuaes) u eecenne-remuuii (= 55% cayuaes).
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Tlonyuennvie nopoeogvie noxkazamenu aKmusHoOU YUPKYIayuu upyca Amur 6
OuHamure NONYIAYUI NPUPOOHO20 XO3AUHA OAIOM BOIMONCHOCIL NPOSHO3UPO-
6amp nepuodbl NOBLIUEHHO20 PUCKa 3apadicenust nooetl 6 nechulx ouazax TJITIC.

Kniouegvie cnosa: xanmagupycwl, 2pbi3yHbl; 2eMOPpaULecKds Iuxopaoka
¢ noueunvim cunopomom (I JIIIC); npupoonvie ouaeu, Ilpumopckuil Kpail.

Introduction

Currently, over 40 genetically and immunologically distinct hantavirus spe-
cies in the genus Hantavirus of the Bunyaviridae family have been discovered.
Each of them, with few exceptions, is strongly associated with a unique host
species, having passed a long way of co-evolution. 22 species of hantaviruses are
considered pathogenic to humans, their natural hosts being defined as the rodents
of the three families, i.e. Murinae, Cricetinae, Sigmodontinae [1, 2]. Hantavirus-
es are capable of causing serious diseases in humans, i.e. the so-called hantavi-
rus fevers [3] that are defined as natural focus nontransmissible viral zoonoses.
Hemorrhagic fever with renal syndrome (HFRS) is quite widespread in Eurasia,
whereas hantavirus pulmonary syndrome (HPS) can be found in both North and
South America. Geographic distribution and epidemiology of cases caused by
hantaviruses are seen as the consequence of distribution and natural history of
their natural hosts [4]. The problem with HFRS, associated with immunological-
ly distinct hantaviruses, seems to be particularly acute on the foci where two or
more of its causative agents are present at the same time. In the European part of
Russia, the following hantaviruses are HFRS etiologic agents: Puumala (reser-
voir — the Myodes glareolus bank vole) and Dobrava (the Kurkino genetic sub-
type, the reservoir being a subspecies of the Apodemus agrarius field mouse and
the Sochi genetic subtype, its reservoir being the Caucasian forest mouse A. pon-
ticus) [3, 5, 6]. In the Asian part of Russia, the following hantaviruses are HFRS
etiologic agents: Hantaan (Far East genovariant), Amur (Amursk, Khabarovsk,
Primorye, and Primoryel-China genovariants) and Seoul (VDV genovariant).
The natural hosts of Hantaan, Amur and Seoul viruses are the eastern subtype
of the A. agrarius field mouse, A. peninsulae forest Asian mouse and Rattus
norvegicus gray rat, respectively [7-9]. The forest ecosystems are dominated
by A. peninsulae — the natural host of the Amur pathogenic virus and the source
of infection to humans, its co-dominant being the Myodes rufocanus gray-sided
vole — natural host of the Hokkaido hantavirus with an unknown virulence level
to humans. Studying of the areas being endemic to HFRS is aimed at establish-
ing biocenotic structures of ecosystems, function and reservoir potential pecu-
liarities of hantavirus natural foci [10, 11]. However, quite a few urgent issues
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related to natural foci of hantavirus zoonoses have not been thoroughly studied
so far, one of them being the mechanism of epizootic activity in the dynamics of
rodent population as well as epidemic manifestations of different types of hanta-
virus infection natural foci within a particular spatial-temporal framework. The
purpose of the study was to determine the indicators of epizootic activity and
their threshold values in the population dynamics of rodents, being the carriers
of the forest areas hantaviruses, in order to predict HFRS incidence rise on the
forested territory of Primorsky Krai.

Material and Research methods

For the purposes of the study the research material was obtained during
field and stationary research activities (2001-2013) on the HFRS endemic ar-
eas in the belt of mixed coniferous-deciduous and deciduous forests in central
and southern parts of Primorsky Krai. The epizootological observation and
collection of the material was carried out yearly in spring, summer and au-
tumn. During the observation period, 33890 trap-nights (TN) were worked
over. 4594 rodents were caught, 2737 of those were identified as 4. peninsulae,
214 — A. agrarius, 1505 — M. rufocanus, 114 — Myodes rutilus red voles and
24 — Microtus fortis reed voles.

Table 1.
Immunological and molecular genetic research techniques

Hantavirus and infection

Research techniques . . ..
q identification in rodents

ELISA (enzyme-linked immunosorbent assay)
Hantagnost commercial test-system manufactured by
Federal State Unitary Enterprise on Manufacture of
Bacterial and Viral Preparations of Chumakov Institute
of Poliomyelitis and Viral Encephalitides

Viral antigen in 10-20%

of the rodents’ lungs and

excretory organs suspen-
sion

RT-PCR (Reverse transcription polymerase chain reac-
tion) RNA extraction, RT and PCR formulation, visual Hantavirus RNA in the
indication of amplification products by gel electropho- | animals’ organs on ambi-
resis in agarose gel in the presence of ethidium bromide. ent substrata
Vector-Best, AmpliSens Hantavirus sets.

IFAT (Indirect fluorescent antibody technique).
Anti-species FITC conjugates manufactured by N.F.
Gamaleya Research Institute of Epidemiology and Mi-
crobiology. Antibody avidity in seropositive animals by
the Hedman technique (1991).

Antibodies to culture anti-
gens of hantaviruses
Antibodies avidity: high,
transitional, low.
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The animals’ hantavirus infection was detected by the presence of antigen/
RNA in lungs/excretory organs and/or the presence of specific antibodies in
their blood. Hantavirus antigen was identified using the ELISA, whereas viral
RNA was identified using the RT-PCR; specific antibodies and their avidity
were identified using the indirect fluorescence technique (Table 1).

To characterize hantavirus infection in individuals as well as on the
population level of rodents, being hantavirus carriers, the following parameters
and indicators were proposed: infection rate; acute infection; relative abundance
/ infection rate; epizootic activity (Table 2).

Table 2.
Main parameters and indicators of hantavirus infection
Parameters and values Hantavirus infection in animals and population
Infection rate in rodents Hantavirus antigen in lungs/organs, specific
antibodies in blood.
Acute infection in rodents (han- Hantavirus antigen/RNA in lungs/ secretory
tavirus shedding with the natural and excretory organs, antibodies of low/transi-
host’s saliva, urine, faeces into tional avidity.
ambient environment).
Relative abundance of the species — | number of all individuals per 100 TN
Relative infection rate — number of all infected individuals per 100 TN
Relatively acute infection — number of all individuals with acute infection
per 100 TN
Epizootic activity Relatively acute infection in population

Research results and discussion

Forest ecosystems occupy about 70% of Primorsky Krai. Amur viral in-
fection endemic areas were identified in the parts of the region with mixed
coniferous-deciduous forests with a high proportion of cedar and oak, and a
well-developed lower tier, being a favorable habitat for the large Japanese field
mouse. Amur viral infection active natural foci are located on the western and
eastern slopes of the Sikhote-Alin ridge occupied by coniferous-deciduous for-
ests that are preferred by the 4. peninsulae. Long-time average annual values
for various rodent species, being hantavirus carriers, in forest communities are
shown in Table 3, which proves the fact that all the values obtained are much
higher in the 4. peninsulae species.

According to the obtained data the dynamics of epizootic activity in 4. penin-
sulae populations has an expressed cyclic recurrence. Rise and high activity are
valid up to a year, from autumn of the current year till autumn of the subsequent
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year, followed by recession. The phase of recession/low activity lasts for several
years, determining the duration of the cycle. Table 4 presents the characteristic of
the rodents, being hantaviruses carriers in forest ecosystems, within the phases of
rise, high and low epizootic activity in 4. peninsulae populations.

Table 3.

Long-time average annual values for rodents, being hantavirus carriers,
in HFRS forest natural foci

Values
Species of rodents | Species pro- | Species proportion | Species | The infection
as hantaviruses portion in of the infected popula- | rate of the spe-
carriers the trapping | animals in the trap- | tion (per | cies (per 100
(%) ping (%) 100 TN) TN)
Apodemus 59,607 65,5+1,8 8,1 1,4
peninsulae
Apodemus agrarius 4,7+0,2 2,5+0,2 0,6 <0,1
Myodes rufocanus 32,7+0,7 29,6+0,5 44 0,6
Microtus fortis 0,5+0,1 1,1+0, 4 <0,1 <0,1
Myodes rutilus 2,5+0,2 1,340, 4 0,3 <0,1
Table 4.

The characteristic of rodents, being hantaviruses carriers in forest ecosystems,
within different phases of the epizootic activity in A. peninsulae populations

Values of the species

et pnie | S ool e [Feortn e
sulae epizo- as hanta.wruses tion in the imals i P tion rate
’ carriers . animals in the | tion (per

otic cycle tra}())plng trapping 100 TN) (per 100

(%) o ™)

A. peninsulae 78,3 78,9 7,45 1,58

A. agrarius 8,0 5,3 0,76 0,10

acljt}iljistiflri;e M. rufocanus 13,4 15,8 1,28 1,31

Microtus fortis 0,0 0,0 0,00 0,00

M. rutilus 0,4 0,0 0,04 0,00

A. peninsulae 65,2 75,6 20,52 5,62

A. agrarius 3,3 1,8 1,04 0,14

hiz T::tg:ty M. rufocanus 31,2 22,3 9,82 1,66

Microtus fortis 0,2 0,3 0,07 0,02

M. rutilus 0,1 0,0 0,02 0,00
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End of the Table 4.

A. peninsulae 82.5 65,4 5,35 0,31
A. agrarius 1,0 0,0 0,06 0,00
lPhasejH.; M. rufocanus 13,5 26,9 0,88 0,15
OW AV | Microtus fortis 0,3 3.8 0,02 0,02
M. rutilus 2,6 3.8 0,17 0,02

During a year characterized by the activity rise the relative abundance of
mice with acute infection in populations of 4. peninsulae increased from sum-
mer to late autumn to an average value of 2. Within the high activity phase the
number of mice with acute infection during a spring and summer season was
more than 5 individuals per 100 TN, decreasing to more than 3 times in autumn
at a fairly high population rate. Within the phase of low epizootic activity in-
dividuals with acute infection were found during all seasons, their number not
exceeding the value of 0.3.

As a result of HFRS forest foci long-term monitoring, the parameters of
hantaviruses active circulation were determined as well as their threshold val-
ues at different phases of the epizootic cycle in populations of rodents, being
virus carriers, were defined. As seen in Table 5, within all the cycle phases the
epizootic activity values tend to be much higher in A. peninsulae, compared
to M. rufocanus, that proves the epidemiological importance of this species in
forest ecosystems of Primorsky Krai.

Table 5
Threshold values of the population parameters within different phases
of the Apodemus peninsulae and Myodes rufocanus epizootic cycle

Parameters Phases of the cycle Ap o'demus Myodes
peninsulae | rufocanus
Relative abundance of the Rise of the epizo- |N >38,0 >1,5
natural host (number of indi- | otic activity n >1,8 >0,3
viduals per 100 TN): n >1,5 >0,
N- thle pbop ulan'on High epizootic N [>20,0 >9.0
n_— all infected animals - .

u i K . activity n >7.0 >1.7
n, —animals with acute in- g == =
fection n_ >5,0 >0,8

Low epizootic N <6,0 <10
activity n, <0.5 <0,2
n_ <03 <0,1

For the observed period, in forest natural foci of hantavirus infection 39.6%
of HFRS cases were reported from May to June. During the years of high epizo-
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otic activity in the populations of the large Asian field mouse the bulk of HFRS
cases were reported in spring and summer (68.6% of annual incidence). When
comparing the long-time annual dynamic pattern of the epizootic activity in pop-
ulations of rodents, being hantavirus carriers, to HFRS incidence in humans, the
following dynamics conjugation was noted, the one of the epizootic process in
populations of 4. peninsulae and the annual and seasonal dynamics of HFRS
cases registration. During the rise/high stage of the epizootic activity in popula-
tions of A. peninsulae two incidence peaks were determined: autumn to winter (>
37,5% of cases during a year), and spring to summer (> 55,2% of cases).

Another research activity was conducted within the frame of the study re-
garding the possibility to preserve natural foci of HFRS hantaviruses in the
ambient environment, the ones excreted by the infected rodents with urine,
saliva, faeces. Environmental substrata samples were taken on forested areas,
being enzootic to hantavirus infections (Table 6).

Table 6.
Detection of hantavirus RNA, being external to its natural host,
in the ambient environment of HFRS forest foci
Area / Time of . Number of | Sample RT-PCR
. Research objects substrara | charac-
sample collection . results
samples | teristics
Kavalerovsky Trap lines in coniferous and Soil with
. . 4+ RNA
district, June to cone-bearing forest on a 20 plant assavs
October stationary plot litter Y
. P n
Chuguyevsky dis Rodents’ natural refuges 10 S.Oﬂ with | 2+ RNA
trict, October litter assays
Olginsky district, | Trap lines in coniferous and Soil with
. 2+ RNA
Jyne. HFRS group | cone-bearing forest around 8 plant
, . . assays
cases gamekeepers’ dwelling litter

A specific RNA was found in the samples containing soil with plant litter
on trap lines as well as in places, where HFRS group cases had been detected,
and a certain number of A. peninsulae with acute hantavirus infection had been
caught as well as traces of their activity detected.

Conclusion
To date, the Eurasian countries have seen the increase in both the ampli-
tude and number of HFRS outbreaks. The risk determinants include reservoir
ecology, ecology of the virus and antropogenous factors [12, 13]. Every year,



B Mupe Hay4HbIx oTkpbITUiA, Tom 9, Ne3, 2017 33

hundreds of thousands of people, who live in the endemic territories or tem-
porarily stay there while at work or having time off, get in contact with HFRS
natural foci. Both temporary protection of an individual or a group of people
from a pathogen is required, as well as preventive measures aimed at reducing
infection rate on specific HFRS endemic territories. HFRS, having all the fea-
tures of the emerging infection, can lead to a complicated epidemic situation.
In some HFRS and HPS outbreaks the mortality rate can reach 12% and 60%
respectively [14]. WHO estimates that each year there are between 150000 and
200000 hantavirus disease cases, of which 70 to 90% are detected in parts of
China, adjoining the north-eastern border of Primorsky Krai. More and more
HFRS cases are reported in Europe [15]. In order to improve the prevention
of hantavirus infections, the cooperation of international organizations is re-
quired, just as it is done concerning other widespread viral diseases [16].

According to the hypothesis (Vorontsov, 1974), causative agents of viral
infections, by integrating fragments of their genome into their natural host’s
genome, play an important role in their evolution. The strategy to prevent nat-
ural foci infection should be aimed at preserving the role of the pathogen in the
ecosystem, along with the unconditional protection of humans from infections
caused by pathogens, rather than at the elimination of the pathogen [17].

In order to develop effective methods of HFRS protection and prevention, in
our opinion, it is necessary to obtain quantitative parameters of hantaviruses cir-
culation in different phases of the epizootic cycle in different types of the natural
foci. After long-term monitoring of HFRS forest foci in Primorsky Krai, certain
epidemic-significant indicators and their thresholds values were identified that
reflect the activity of the epizootic process in its different development phases in
populations of A. peninsulae and M. rufocanus, being natural hosts to Amur and
Hokkaido hantaviruses. It is important to note that the rise, high and low epizoot-
ic activity values obtained were significantly higher in A. peninsulae compared
to M. rufocanus, that proves the former’s epidemic significance. Within the pe-
riods of rise and high epizootic activity in populations of 4. peninsulae the two
HFRS incidence peaks were observed as follows: autumn to winter and spring
to summer (> 37% and > 55% of the annual incidence). The epizootic activity in
populations of A. peninsulae, being cyclical, leads to years to year and season-
al differences in the HFRS cases distribution [18, 19]. Detection of hantavirus
RNA in ambient environment substrata of HFRS forest natural foci shows the
possibility of Amur virus survival within a considerably long period, while being
external of its natural host organism, which is consistent with the data obtained
for Puumala hantavirus [20]. Considering the ‘hantavirus — rodent’ binomial par-
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asitic system the study on the detection of hantavirus in the medium between the
natural host and human being seems to be quite significant in determining the
factors, time, and areas of HFRS high infection rate concerning humans.

The proposed indicators for assessing the epizootic activity and their thresh-
old values in the population dynamics of the natural host of Amur virus makes
it possible to predict high-risk periods of human infection in HFRS forest foci
within a particular spatial-temporal framework.
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Introduction

In the Russian Federation there is a number of state-run programs aimed at
developing production of foods enriched with essential components, functional
use products, distribution of advanced processing of agricultural raw materials
on the principles of non-waste production, sustainable use of secondary prod-
ucts, as well as food industry waste reduction. The above-mentioned programs
are as follows: the comprehensive program of biotechnologies development in
the Russian Federation, health nutrition state policy in the period through to
2020, state program of agriculture development and agricultural commodities,
raw materials and foods market regulation.

From this point of view, wheat germ cake (WGC), being the product of
advanced wheat processing, seems to be of great interest. WGC is a native
plant component that has high nutritional and biological value. It contains vi-
tamins A and E, vitamin B complex as well as 20 macro- and microelements.
Thanks to its rich biochemical composition and high functional and technolog-
ical properties WGC can be widely used in food, confectionery, perfumery and
medical industry. However, WGC has low storage stability as it is character-
ized by a high level of lipids (8-10%), which contain up to 80% of polyunsat-
urated fatty acids (including ©-3, ®-6 fatty acids) [1, 2].

Catalase (EC 1.11.1.6) is an enzyme of the oxidoreductase group that ca-
talyses a reduction-oxidation reaction; it is within this type of reaction that two
molecules of hydrogen peroxide are transformed into water and oxygen. When
storing and processing WGC it is catalase that has a negative effect. Lipase starts
a process of WGC fats getting rancid (EC 3.1.1.3) as it triggers lipids hydrolysis
alongside with free fatty acids formation as well as their further oxidation. Lip-
oxygenase (EC 1.13.11.12) affects the parallel process as fatty acids hydroperox-
ides are decomposed to acidic products. As it takes part in the reaction, catalase
leads to oxygen evolution; the latter intensifies the oxidation processes in the
product. The result of the chain reaction leading to hydroperoxides formation in
WGC as well as other advanced types of oxidation products and lipid decompo-
sition is objectionable odour and rancid taste of the product [3, 5].

The aim of the paper is to study the way pH and temperature affect WGC
catalase activity and rigor as these are significant factors influencing the stor-
age parameters.

Materials and study methods
For the aims of the study the following type of wheat germ (WGQG) was
used, namely, the one industrially produced (TS 9295-010-00932732-08 ‘ed-
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ible wheat germ flakes’). The authors studied batches of WG obtained as a
result of processing wheat grain of various types coming from Belgorod, Li-
petsk and Voronezh oblasts (Starooskolsky bread and cereal products factory
JSC, Buturlinovsky flourmill factory JSC, Tonex JSC, Lipetsk bread and cereal
products JSC). WG processing was performed using a cold pressing technique
at Tonex JSC (Belgorod oblast). WGC, being the product of WG advanced
processing met all the requirements of the relevant technical specifications (TS
9295-014-18062042-06 ‘“VITAZAR edible wheat germ flour”).

A WGC specimen was obtained by mechanical grinding in a laboratory
mill and its further homogenization with phosphate-citrate buffer (pH 7.4).
The first purification step involved the precipitation of the enzyme specimen
using 96.5% ethanol at a temperature of 2—4°C. The precipitate was separated
using a cold centrifuge at 5000 g and then it was vacuum dried. The ballast
proteins were eliminated from the enzyme by fractionation with the use of am-
monium sulfate. The precipitate was obtained at the level of ammonium sulfate
saturation of 60—80%. The latter was dissolved in a minimum amount of buf-
fer. Low-molecular impurities were removed from the enzyme solution using
gel-filtration on Sephadex G-25. The final purification step involved gel-filtra-
tion on Sephadex G-100 (Pharmacia, Sweden). Finally, the enzyme specimen
was obtained, being characterized by 80-fold purity and specific activity of
545.2 units/1 mg protein.

An activity unit was thought to be the amount of mm hydrogen peroxide
being decomposed during the incubation process to 1 ml of the enzyme speci-
men at 37°C and pH = 7.4 [3, 4].

Results of the study and their discussion

Temperature and pH are considered to be the two most important factors
that must be taken into consideration when catalase inactivation takes place
for the purpose of WGC long-term storage, as well as when making specimen
(Fig. 1 and 2). The enzyme activity was determined within pH 4-9 at the opti-
mum temperature and was expressed as a percentage of the maximum (Fig. 1).
The catalase optimum pH is thought to be within the area of 7.3-7.8.

With the optimum pH being found, the temperature effect on the enzyme
activity was determined, the optimum temperature being 37 + 2°C.

The study of thermal and pH stability of the enzyme is of considerable
interest as these indications are considered to be important criteria when se-
lecting WGC storage conditions as well as processing conditions of food prod-
ucts that contain WGC. When studying WGC catalase inactivation kinetics,
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samples were taken from the incubation medium regularly after certain time
intervals, then the residual activity of the enzyme was determined.
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Fig. 1. WGC catalase activity dependence on the medium pH at the temperature of 37°C

A%

80 1

40 1

0 T T T T T T T
0 10 20 30 40 50 60 t,°

Fig. 2. WGC catalase activity dependence on temperature at the medium pH 7.4
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With the use of the inactivation dynamics data we calculated the inactiva-
tion rate invariables. The greatest stability of the enzyme was recorded at pH
8.0 and the temperature of 20°C (Table 1).

Increase of temperature resulted in a significant increase of the average
rate, which increased more dramatically at hydrogen ions higher concentra-
tions level and the temperature increase up to 40°C and above. We calculated
the entropy variation in AS* of the enzyme transition state from the active form
to the inactivated one.

Table 1.
WGC catalase inactivation rate invariables
K- 102 hr!
Temperature, °C pH 4 PH S PH 6 Pl 7 PH 8
20 4,1 33 2,4 1,9 1,4
40 95,9 41,8 27,1 19,6 12,9
60 630,9 5248 409,3 3444 289,1

The data obtained show that at low temperatures the high concentration of
H" ions leads to the enzyme protein globule intensive transition to a chaotic
tangle; apparently, it is due to the active destruction of the electrostatic bonds
(Table 2).

Table 2.
Temperature effect on pH and entropy value (AS?)
of the WGC catalase transition state
Temperature range, °C pH AS?,J - degree - mol!

20-40 40 170,079
40-60 K 40,943
20-40 3.0 33,965
40-60 ’ 190,717

The opposite situation is observed at pH 8.0. At high temperatures, one
can see an intensive destruction of the protein globule. It can be a result of the
process in which the hydrophobic interactions of molecule non-polar parts are
destroyed.

Conclusion
Based on the data obtained it can be concluded that it is the H* ions that
greatly affect the WGC catalase inactivation process at low temperatures,
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whereas it is heat that affects the same way at high temperatures. The enzyme
has a low acid and thermal rigor, which makes it possible to use these charac-
teristics to suppress the enzyme activity at WGC storage as well as find proper
technological parameters for processing foods that contain WGC.
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FEATURES OF HUMUS AND NITROGEN
ECOLOGICAL STATUS FOR STEPPE ZONE
CHERNOZEMS OF THE NORTH CAUCASUS!

Novikov A.A.

The purpose of the paper presented is to determine tendency and intensity
for quantitative and qualitative changes in humus and nitrogen status of cher-
nozems. The system approach to study natural objects is assumed as the basis
for research methodology of humus and nitrogen status of soils.

It is established that the depth typical values of chernozem humus horizons in
the North Caucasus are 120—180 cm for South European facies of leached cher-
nozems, 100170 cm for modal chernozems, 70—160 cm for common cherno-
zems, 70—120 cm for southern chernozems, for East European facies of southern
chernozems the value is 55—70 cm. A distinctive ecological feature of the soils is
thought to be a low humus content in the arable layer; its deep distribution along
the profile and slight variability among each subtype.

Nitrogen quantity in chernozems of the region variates within a compar-
atively wide range: 0.20—-0.35% in South European facies of leached, modal
and common chernozems, 0.22—0.30% in East European facies of southern
chernozems. Southern chernozems of South European facies contain least of
all nitrogen, i.e., 0.18—0.22%. Total nitrogen composition is mainly presented
by non-hydrolysable facies, making 74.2—78.9%.

The research materials are intended to design farming systems on the land-
scape basis for specialists dealing with the issues of soil preservation, increas-
ing soil fertility as well as environment protection. The results of the research
may contribute to making a purposeful impact on decision making to control
humus and nitrogen status of soils, thus serving as the basis for preservation of
bioecological potential of chernozems.

Keywords: soil; soil fertility; chernozems, humus, nitrogen.

! HoBukoB A.A. OCOOGEHHOCTH 3KOJIOIHYECKOTO COCTOSIHHSI TyMyca U a30Ta uep-
HO3éMOB cTenHoi 30HBI CeepHoro KaBkasza / B mupe HayuHbIX OTKpbITHH, 2016.
Ne 12(84). C. 144-160. doi:10.12731/wsd-2016-12-144-160.
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OCOBEHHOCTH YKOJOT'MYECKOI'O COCTOSIHUSI
I'YMYCA U A3B0TA YEPHO3EMOB CTEITHOM 30HBI
CEBEPHOI'O KABKA3A

Hoeuroe A.A.

Llenv npedcmasiennoii pabomsi ycmanosums HANPAGIEeHHOCb U UHMEH-
CUBHOCTb KOTUYECTNBEHHBIX U KAYECTNBEHHbIX USMEHEHUI 2YMYCHO20 U A30M-
HO20 COCMOSIHULL YEPHO3EMO8. B 0CHOBY Memodono2uu uccied08anull 2yMyc-
HO20 U A30MHO20 COCIOAHUS NOYE NOTOIHCEH CUCTNEMHDIL NOOX00 K U3VHUEHUIO
00BeKmMo8 npupoowl.

Yemanoesneno, umo munuunle 3HaueHust MOWHOCIU 2YMYCOBbIX 20PU30H-
moes uepnozémos Ceseprozo Kaskaza cocmasnaiom: 104cHo-e8ponetickol ga-
yuu eviwyenovennvix 120—180, munuunwvix 100—170, obviknosennvix 70—160),
toorcHwix 70—120, 6ocmouno-egponetickou gayuu 1odxcuvix 55-70 cm. Omauuu-
MENbHASL IKONOSUHECKASL OCODEHHOCHb NOY8 — HUZKOE COOEPICAHUEe 2YMYCA 6
NaxomHom ciioe, 2n1yboKoe pacnpeoeienue e2o no npopuio, manas eapuadensb-
HOCMb Cpedu Karico02o NOOmund.

Konuuecmeo azoma 6 uepnozémax pe2uona Koaeonemcsi CpasHumenbHo 8
WUPOKUX NPedenax. 6 I0CHO-e8PONeCKOl ayuu blujel0UeHHbIX, MUNUYHDIX,
obwiknosennvix 0,20-0,35%, eocmouno-egponeiickou gayuu wicuvix 0,22—
0,30. Menvuie 6ceco azoma cooepircam 4epHO3EMbL 10AHCHbIE F0XHCHO-e8pONeli-
ckou payuu — 0,18-0,22%. Cocmag 8ano8oeo azoma 6 0CHOBHOM NPedCmaeieH
nezuoponuzyemou gpparxyueti — 74,2—78,9%.

Mamepuansl uccredosanus npeonasHayenvl Oist APOEKMUPOSAHUsL CUCTIEM
3emnedenust Ha azpoiaHOuapQmHOl 0OCHO8e, CNEYUATUCTAM 3AHUMAIOUWUMCS
B0NPOCAMU COXPAHEHUS U NOGBIUEHUS. NI000POOUS. NOYE, OXPAHBL OKPYIHCAIO-
wetl cpedvl. Pezynomamol uccied08anusi no3eosiom OCyWecmesiims yeie-
HANpagieHHoe 6030elCmeue Ha NPUHSMUE PeuleHUll no pe2yiupoSanulo 2y-
MYCHO20 U A30MHO20 COCMOSIHUSL NOYS, UMO NOCAYICUN OCHOBOU COXPAHEHUS
OUOIKONIOZUYECKO2O NOMEHYUATA YEPHOZEMOB.

Knrwouesvie cnosa: nousa, niodopooue nous;, 4epHo3Emul; yMyc, d30m.

Introduction
V.V. Dokuchaev, a prominent soil analyst and natural scientist, repeatedly
noted that chernozem is the basis of Russia’s wealth and prosperity. However,
for a long period of time, we have, especially recently, been facing a number
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of significant problems concerning chernozems fertility, namely, progressive
degradation of the soil, dehumification, loss of organic and readily available
mineral forms of nitrogen, which have resulted in development of other nega-
tive processes and are mainly responsible for the current decline in productiv-
ity and sustainability of the agroecosystem.

It is the ecological problem of fertility preservation along with its main
indicators, i.e., humus and nitrogen in the chernozems of the North Caucasus,
being among the most fertile soils both in Russia and all over the globe, that
is becoming increasingly urgent. Thus, both generalization and monitoring the
humus and nitrogen status of the chernozems in the region are required.

Purpose
To establish the direction and intensity of both quantitative and qualitative
changes in the humus and nitrogen status of the chernozems of the North Caucasus.

Study data and methodology

The methodology of the research concerning the humus and nitrogen status
of soils is based on a systematic approach to the study of objects of nature that
points out the necessity not to isolate an object or phenomenon, but to consider
it in its interrelation and interdependence with the surrounding systems and
processes.

The following components constitute the basis of the methodology for
studying the humus and nitrogen status of chernozems that determine the level
of soil fertility, its bioenergy potential, sustainable ecological functioning of
the agroecosystem, as well as land protection:

— integrated approach to biological objects, i.e., soil derivatives and abi-

otic environment;

— profile-genetic and comparative-geographical assessment of soil status;

— taking into account spatial and temporal variability of soil properties;

— consistency of author’s research methods.

The research activities were carried out as the fieldwork on common and
southern chernozems at the three stations of the Don Zonal Research Institute
of Agriculture. Soil crossovers were made at the stations and allocated lots to
be used to take soil samples according to GOST (All-Union State Standard)
28168-89. Following “The general sampling procedure requirements” (GOST
29269-91), the samples were used to determine common humus (GOST 26213-
91), total nitrogen (GOST 26107-84), as well as fraction-group composition of
humus using the method by L. V. Tyurin as modified by V.V. Ponomaryova and
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T.A. Plotnikova. The mathematic treatment of the findings was carried out using
a technique developed by B.A. Dospekhov.

Results of the study and their discussion

Organic matter performs an enormous number of functions. It serves as
a direct source of nutrients for plants, affects nutrients accessibility and be-
havior, regulates soil structure formation, its hydrophysical properties, thermal
parameters, redox and ion exchange reactions [1, 2].

Considering the environmental aspect, it is especially important that humus
substances are characterized by their high absorption capacity, thus (as well as
other colloid substances) contributing to one of the most remarkable properties
of the soil, i.e., its buffering capacity, the ability to withstand the harmful ef-
fects of acidic and alkaline solutions [3].

Soil, once it is enriched with organic matter, becomes more resistant to
contamination due to a high content of various functional groups in humic
acids, including carboxyl, amine, phenolic, hydroxyl groups, involved in the
formation of simple and complex organo-mineral compounds [4].

Organic matter is characterized by having general significance for the
globe as it constitutes “humosphere” which is thought to be the most important
natural storage of energy, being essential to help plants obtain mineral nutrition
elements out of inaccessible forms, i.e., nitrogen out of air, ash constituents out
of minerals of soil-forming materials [5].

At present, bioenergetics issues are becoming increasingly relevant, which
is due to both general environmental problems and specific practical tasks of
preserving and improving soil fertility and productivity of crops [6, 7].

Sources of soil organic matter and energy it contains are the remains of
plants, animals, microorganisms and their products that are subjected to com-
plex, sometimes opposite, transformations [8, 9, 10, 11].

During the decomposition process of organic substances in the soil, pro-
cesses of mineralization and the so-called “aging” of both newly formed hu-
mus substances and previously accumulated ones are observed. As a result of
mineralization of the “destructive” (i.e. annually decomposing) humus, as well
as decomposition of decaying plans and other organic compounds, a certain
amount of substances enters the soil. Their level depends not only and not so
much on the total amount of humus as on the amount of the humus part and
total organic matter that dissolve.

New portions of humification products enter into exchange reactions with
the already existing humic acids, as well as with the exchangeable and non-ex-
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changeable occluded mineral part of the soil, participate in the completion
and fragmentation of the renewed humus substances, perform the protective
function of the “old” humus as it were. Along with plant and animal remains,
soil receives energy fixed by photosynthesis [12].

It is the loss of the main property of natural soils, i.e. the rhythm of de-
struction of a part of humus and formation of a new part within the same year,
that is the main ecological criterion for the deterioration of the humus status
of plowed soils.

According to G. Reuter, the loss of humus in soils as a result of long-term
use amounts to 13-25% of the original content [13]. In Canada, the humus
content in the arable land has decreased by an average of 45% within the past
50 years, including chernozems by 48.2%; in soils of the south of the USA the
humus content has decreased to 60%.

Over the last 70-80 years, the loss of humus in the arable soils of the USSR
amounted to 40—50%, different subtypes of chernozems annually lost 0.5-1.8
tons per hectare [14, 15].

Most studies of the humus status of the North Caucasus chernozems were
carried out in the areas of the warm Southern European facies, while the others
were conducted in the areas of the warm-temperate Eastern European facies.

The study of the humus status of soils of the Southern Russia showed that
its formation was determined by a complex of natural historical prerequisites,
the most important being rank motley grass and fescue-feather grass vegeta-
tion with well-developed root system. The remains of the latter were humified
for a long time in warm and warm-temperate climate.

It was established that the greatest thickness of the humus horizon charac-
terizes chernozems of the leached Southern European facies, reaching 180 cm.
Lesser A+B thickness of 100—170 cm characterizes modal chernozems, com-
mon chernozems have even lesser value of 70-160 c¢cm, while southern cher-
nozems are characterized by the value of 70—-120 cm thickness of the humus
horizon. The least thickness was found in the South Eastern European facies,
being 55-70 cm [16, 17].

The typical values of humus of each subtype varies within a just small
range. A somewhat larger content of organic matter is characteristic of modal
chernozems.

According to the average content of humus and typical values fluctuations
modal chernozems are characterized as being low-humic. The scarcely-humic
variants of these chernozems are rare, being determined by the lowest values
lying beyond the scale of typicality. The extensive area of common and leached
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chernozems of the South European facies is less homogeneous in terms of the
humus accumulation intensity.

The southern chernozems of the Southern European and East European
facies are mainly low-humic, being considerably different from other soils in
the region. The coefficient of variation amounts to 10-28%.

The study of the humus content and its fraction-group composition that
we carried out in the common chernozems of the South European facies at the
Don Zonal Research Institute of Agriculture as well as southern chernozems of
the East European facies at the Severo-Donetsk experimental station showed
that common chernozems are characterized by having a considerable thickness
of the humus horizon (84 cm) compared to southern chernozems (62 cm) [18,
19]. Higher value of carbon content and less sharp decrease along the soil pro-
file was also found in common chernozem.

The carbon percentage in the arable horizon of common chernozems
amounted to 2.38, while in southern chernozem the value was 2.19; the one in
BC horizon was 0.91 and 0.80; in C it was 0.53 and 0.32. The amount of humic
acid groups in these chernozem subtypes, being equal to A 0.98 and 0.94%,
shows a considerable decrease to 0.09 and 0.05% in C horizon. The groups of
fulvic acids in the A, common and southern chernozems were also approxi-
mately equal, i.e. 0.48 and 0.46%, whereas the amount decreased in the lower
horizons of the southern chernozem.

The humus type of A, chernozem horizon was found as being humate-ful-
vic: R, 1R, =2.0. The degree of humification, estimated as the proportion of
humic acids in the total amount of carbon, being equal to 41-43%, indicates a
“high” conversion degree of organic substances into humic compounds.

As the ratio R, : R in the lower horizons narrowed, humus in BC as well
as C horizons acquired properties of the humate-fulvic type.

In the arable horizons of both subtypes of chernozems, the main amount of
humic acids is attributed to fraction 2 bonded with calcium in complex forms
of compounds, being 0.72-0.69%, whereas southern non-carbonate cherno-
zems are characterized by a slightly lower value. The content value of this frac-
tion in (A+B) humus horizon was 0.57 and 0.47%, in C horizon — 0.04-0.02.
The absolute value of fraction 3, bonded with clay minerals and stable sesqui-
oxides, was 0.21 0.20% in A__, = of the profile of these soils, while decreasing
to 0.05-0.03 in C horizon.

The content of free humic acids and humic acids bound with movable sesqui-
oxides of fraction 1 in the arable horizon of common and southern chernozems is
quite small (0.05%), being even lower along the soil profile, in particular, in B,
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horizon — 0.01; and the fraction was not found at all in C horizon, which deter-
mines the low formation rate of humus substances in the soil profile.

The fulvic part of humus is characterized by approximately similar amount
of fraction 2 and 3 fulvic acids inA__ ,i.e.,0.21-0.18 and 0.20-0.17%, bond-
ed in a complex polymer compound with the corresponding fractions of humic
acids. In the lower layers, the percentage of these fractions drops to 0.03—-0.06%
in C horizon, the drop being especially significant in southern chernozems.

The content of fraction 1, i.e. free humic acids and humic acids bound
with movable sesquioxides, as well as fraction 1 is insignificant, amounting
t0 0.05-0.04% in A, 0.01 in C horizon, which indicates the stability of the
chernozems organic matter. The amount of insoluble residue in A, and A,
common chernozem horizons is 0.92—0.80 absolute percent, decreasing to 0.31
in C horizon; concerning southern chernozems the values are 0.79-0.62 and
0.20%, respectively. The relative groups and fractions content values while
a part of carbon compositions correspond to their percentage in soils, being
characteristic of these subtypes of chernozems.

The proportion of humic acids in the total amount of carbon in the upper
horizon is slightly lower in common chernozems (41%) compared to southern
chernozems (43%), in the humus horizon it amounts to 38.2 and 37.5% respec-
tively, while in C horizon the proportion is 17-15.6%.

The relative content of the fulvic acids group amounts to 20.2-21.0% in
A, 20.8 and 22.2% in the humus horizon, i.e. the content value is somewhat
larger in southern chernozems, whereas in C horizon, on the contrary, the value
is slightly less in southern chernozems (22%) compared to common cherno-
zems (24.5%), which indicates a large migratory capacity of fulvic acids in this
type of chernozem.

As a part of their humic acids in (A + B) humus horizon, southern cher-
nozems contain 68.3% of fraction 2, whereas common chernozems contain
73% of fraction 2. The proportion of other fractions, especially fraction 1, is
relatively small.

Concerning the fulvic part, the relative content of fractions 2and 3 in A __ -
is the same in both subtypes, namely, 8.8—7.6 and 9.1-7.8%, their amount in-
creasing along the profile in common chernozems, especially in BC horizon
(fraction 2) and C horizon (fraction 3). The same phenomenon can be observed
in southern chernozems, except for BC horizon, which contains less fraction 2
compared to A__ .

The relative percentage of fraction 1, and fraction 1 is low. No significant
changes in the content of these fractions along the profile of common cher-
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nozems were observed, their amount increasing in southern chernozems, for
example, the one of fraction lincreased from 1.8% in A to3.1inC.

The percentage of insoluble residue, amounting to 38.6% in A of com-
mon chernozems, increases to 58.5% in C horizon, from 36.1% in A, to
62.5% in C horizon, which proves the lesser mobility degree of the organic
matter of this type of chernozem [20].

Nitrogen is the biogenic element, its transformation being entirely deter-
mined by the processes of humus formation and mineralization, as well as
the biochemical activity of the soil. This clearly affects the nature of nitrogen
compounds of the soil, that mainly consists of organic forms (93-97%), most
of them being a part of humus [21, 22, 23].

Formation of the nitrogen bulk of the main subtypes of the chernozems in
the South of Russia is determined by a complex of soil formation conditions,
the main components being a deeply penetrating vegetation root system and
favorable climatic conditions.

Typical values of the total nitrogen content in the arable horizon of leached
chernozems are 0.20-0.35%. Common chernozems, as well as modal and
southern of Eastern European facies are characterized by somewhat narrower
fluctuations ranges of these values. In southern chernozems of the Southern
European facies, when compared to other soils, the nitrogen content proves to
be lower, while its fluctuations range is also narrower, the variation coefficient
being 18-26% [24].

Specific data on particular soil crossovers of the North Caucasus show their
regional specific features and differences from chernozems in the European
part of Russia, i.e., a relatively low content of both nitrogen and humus in the
arable layer, as well as its deep and gradual decrease along the genetic hori-
Zons.

Both leached and modal chernozems of Krasnodar Krai contain approxi-
mately the same amount of total nitrogen, i.e., in 0.23-0.21% in A__ , 0.14—
0.13% in AB, horizon at a depth of 75-80 cm, 0.09% in B, horizon at a depth
125-130 cm. In common chernozem crossovers, the amount of nitrogen in the
soil layer 0-10 cm is slightly larger than in leached and modal chernozems, be-
ing 0.28%. The decrease of nitrogen down along the soil profile is proportion-
al, but its distribution is deeper in comparison to leached chernozems; thus, the
nitrogen content in the layer of 70-80 cm was 0.18%, 120-130 cm — 0.13%,
150-160 cm — 0.08%.

Modal chernozems of Stavropol Krai are characterized by the same values
of total nitrogen content in the upper horizon, just as leached and modal cher-
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nozems of the region do. Down along the soil profile, the amount of nitrogen
also gradually decreased, being 0.13% in AB, horizon at a depth of 80-90 cm.
In common chernozems, within the layer of 0-20 cm there is more nitrogen
than in modal chernozems, though its distribution along the soil layers is the
same.

The amount of nitrogen in the arable layer of common and southern cher-
nozems of Rostov Oblast was found as being 0.25-0.24% and 0.12—0.08% in
BC horizon.

The analysis of particular crossovers fractional composition of the North
Caucasus region chernozems showed that leached chernozems of the Southern
European facies of Krasnodar Krai that contain 0.149% total nitrogen in A__, -
were characterized as having mere 7 mg mineral forms (N-NH4 ++ N-NO3-)
per 100 g of soil, i.e., just 0.4% of total content. The share of more accessible
organic forms as represented by easily hydrolysable fraction (amines, a certain
part of the amides) was 16.1 mg per 100 g of soil, i.e., 8.3% of N .

It was found that there is twice as much hardly hydrolysable form of nitro-
gen, being a secondary reserve for plants nutrition, than easily hydrolysable
in both absolute and relative values. The major part of nitrogen (145.3 mg per
100 g, i.e., 74.9% of N ) is represented by a non-hydrolysable fraction, which
only slightly participates in the biological cycle.

As compared to A__, , the amount of mineral nitrogen slightly increased in
A horizon, whereas it dropped in B, horizon to 0.5 mg per 100 g of soil and
to 0.3 mg per 100 g of soil in B, and C. Its share in the total nitrogen amount
increased insignificantly in A horizon, whereas it decreased slightly in deeper
horizons, having the same value, except for C horizon.

The amount of the easily hydrolysable nitrogen fraction in the lower part
of the humus horizon (B,) was found as 5.5 mg per 100 g of soil and 2.3 in C
horizon. The relative value of this form in the lower horizons also decreased,
though less sharply than the absolute one.

The content of hardly hydrolysable and non-hydrolysable nitrogen in their
absolute value, as well as easily hydrolysable nitrogen, decreased along the
soil profile, but more gradually. The percentage of these fractions in N had
an increasing tendency, except for hardly hydrolysable nitrogen in BC horizon,
its share being the same asin A, and non-hydrolysable nitrogen in the upper
part of A, its amount being somewhat less than in A__ .

In common chernozems of Stavropol Krai, the content of total nitrogen
within the layer of 0-30 cm was 0.250% along with a low share of mineral
nitrogen (4.2% of total) and easily hydrolysable nitrogen (7.1%), while the
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content of hardly hydrolysable nitrogen (14.2%) and non-hydrolysable nitro-
gen (74.4%) was high.

The absolute amount of total, mineral, easily hydrolysable and hardly hy-
drolysable nitrogen decreased in lower soil layers, except for mineral nitrogen
in the layer of 30-40 cm that contains a bit more of this fraction compared to
the layer of 0-30 cm. The amount of non-hydrolysable nitrogen decreased in
its absolute value along the soil layers from 0-30 cm to 40—50 cm, while the
relative value increased in layers of 3040 cm and 40-50 cm.

The amount of total nitrogen in A__, = of chernozems obtained at the stations
of the Don Zonal Research Institute of Agriculture was found as 0.250%, which
is just the same as the one found for common chernozems of Stavropol Krai,
whereas the amount of mineral nitrogen is less, being 2.4 mg per 100 g of soil.
Along the soil profile, the amount of total nitrogen in C horizon drops to 0.080%,
while the amount of mineral nitrogen decreases to 0.8 mg per 100 g of soil. The
share of the mineral nitrogen fraction in N hardly varied along the horizons.

The fractions of easily hydrolysable, hardly hydrolysable and non-hydro-
lysable nitrogen varied along the soil profile the same way as total and mineral
nitrogen did. As a percentage of total nitrogen, the content of non-hydrolysable
fractions increased, while the one of easily hydrolysable fraction decreased,
the hardly hydrolysable fraction changing but a little.

A of southern chernozems contained 0.220% of total nitrogen, 13.3 mg
per 100 g of soil of easily hydrolysable nitrogen and 29.6 mg per 100 g of
soil of hardly hydrolysable nitrogen, which is less than in common cherno-
zem, while the share of mineral nitrogen was higher. The absolute and relative
amounts of mineral nitrogen fraction along the soil layers increased, being
more noticeable in B, horizon compared to A .

In deeper soil horizons, organic fractions underwent certain changes just
the way they did in common chernozems, though their quantitative character-
istics being more significant. Their share in N along the depth of the soil is
approximately of the same value. The content of non-hydrolysable nitrogen,
as well as other fractions, compared to common chernozems is lower in A_
(173.2 mg per 100 g of soil), higher in B, (168.2 mg) and B, (148.4 mg per
100 g of soil).

Conclusion
Thus, both common and southern chernozems, though having certain dif-
ferences in the total carbon content in the arable layer, are characterized by
roughly the same (absolute and relative) composition. The lower horizons con-
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tain a greater absolute quantity of humic and fulvic acids of fractions 2 and
3 as well as insoluble residue in common chernozems compared to southern
chernozems, which indicates a more intensive degree of both humus formation
and humus compounds fixation.

A study of the nitrogen fractional composition of certain chernozems sub-
types of the North Caucasus showed that its composition includes little min-
eral (0.4-4.2%) and easily hydrolysable (6.0-8.3%) fractions, though twice as
much hardly hydrolysable fraction (13.4—16.4%). The major part of the nitro-
gen bulk (74.4-78.9%) is represented by a non-hydrolysable fraction, which
only slightly participates in agricultural crops nutrition.
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MULTIPLE-FUNCTION ACTIVITY
OF THE PREPARATION ARTAFIDIN'

Shamanskaya L.D., Butakov E.I.

The article presents testresults of the preparation Artafidinthat fightsparasitic
fauna of plants, animals and birds. Artafidin effectiveness against various kinds
of aphids has been estimated 96.5—100%on horticultural crops, 97.4—98%on
melons and 100% on vegetable crops. The preparation has proved to be highly
selective towards the beneficial fauna. No resistance to Artafidin against Aphis
pomiDeg.was foundat its check studiesat a long-term apple station.

Artafidin has shown 100% effectiveness against the ixodicticks Dermacen-
tor marginatus Sulzerat a concentration of 4% while performing treatment with
spray material and at a concentration of 3% while using foam. High sensitiv-
ity to Artafidin in the menoponidae Menacanthus stramineus (Nitzsch, 1818),
being parasites on chickens, has been found. Ovicide effect of the preparation
against the parasite ensures a prolonged protective effect.

The use of Artafidin against various kinds of parasitic fauna removes a
number of restrictions on the use of protection products, contributes to ecolog-
ically friendly agricultural production and cattle breeding as well as provides
ecological security.

Keywords: exophytes, plants; animals; chitosan preparation; effectiveness;

aftereffect.

HNOJUNPYHKIONOHAJBHASA AKTUBHOCTbD
XUTO3AHOBOI'O TIPEITAPATA APTA®UJIUH

Hlamanckas J1./]., Bymaxoe E.U.

B cmamve npugsoosamcs pesynbmamol UCNbIMAHUL XUMO3AHOB020 Npend-
pama Apmagpuoun npomué napazumapHou haynsvl pacmenuil, HCUGOMHLIX U

! [lamanckas JI.J., Byrakos E.U. ITonndyHKIHOHATbHAS aKTHBHOCTh XHTO3aHO-
Boro mpemnapara Aprapuau // B mupe Hay4uHbx oTkpbiThii, 2016. Ne 10(82). C. 93—
109. doi:10.12731/wsd-2016-10-93-109.
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nmuy. Dppexkmusnocmo Apmaghuouna npomus paziuunsvlx 6u008 miell Ha
cadoswix Kynvmypax cocmasuna 96,5—100, na 6axuesvix 97,4-98,0, na osowy-
noix — 100%. [Ipenapam nokasan 6biCOKYI0 U30UPAMENbHYIO AKMUBHOCHIL 6
omHuowenuy nonesnou Qaynvl. He ommeueno nosigienue ycmoudugocmu K
npenapamy Apmaguoun npu e2o ucnblmaHuy 8 MHO20LemHeM CIayuoHape
sa6n0uu npomug AphispomiDeg.

Apmadchuoun noxazan 100%-10 3¢hgpexmuerocms npomus uKcoo08020 Kie-
wa Dermacentor marginatus Sulzer ¢ konyenmpayuu 4% npu obpabomre pa-
bouum pacmeopom u 3% npu 06pabomxe nenoil.

Buisignena evicoxast uyscmeumenvnocnms k Apmaghuouny y nyxonepoeda Me-
nacanthus stramineus Nitzsch, 1818 napazumupyioweco na kypax. Osuyuonoe
deticmaie npenapama 6 OMHOUEHUL SMO20 NAPA3UMA 0Decne ueaent ONumeib-
HbLU 3auummbILl 3¢hghexm.

HUcnonvzosanue Apmaguouna npomus paznuunvix npeocmagumeneli napas-
UMapHol (ayuvl cHumaem yeulil psio 02PAHUYeHUll N0 NPUMEHEHUIO CPeOCms
3auumul, CHOCOOCMEYem NOJYYEHUIO HKONOSULECKU YUCHOU NPOOYKYUU pacme-
HUE80OCMBA U JHCUBOMHOBOOCMBA U obecneuusaent O€30NACHOCHb OKPYICAI-
wetl cpeovl.

Knrwouesvie cnosa: skzonapasumol; pacmeHusl; HCUBOMHbLE, XUMO3AHOBLLL
npenapam, 3¢ gexmusnocms,; nociedelcmaue.

Introduction

Among numerous negative aftereffects of the use of chemical plant pro-
tection products, the following are considered the most significant: environ-
mental and crops pollution with toxic residues, beneficial fauna extermina-
tion as well as pestsresistance development. In this regard, organic farming is
getting more widespread on a global scale, which has heightened the interest
in learning and putting into practice methods of crops cultivation that redu-
ceand exclude pollution of both the produce and environment with harmful
substances, especially pesticides and agrochemicals [1]. Non-chemical pro-
tection techniques are being the choice as they neither pollute the environ-
ment nor produce any toxic residues; they also contribute to the beneficial
fauna preservation.

For a long time, the chemical pesticides used in crop production were wide-
ly used in cattle breeding as well. It was for animals and birdsprotection against
exophytesthat Malathion, Sevin, DDT and other types of pesticideswere ap-
plied. These chemical preparations are characterized by their hypertoxicity and
cumulative properties. Their use in cattle breeding is severely restricted.
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Thus, it is of great importance to come up with new preparations that have
the same broad spectrum as chemical pesticides, but, unlike them, are safe for
humans and the environment [2].

One promising area of research is to develop preparations based on natural
biologically active substances [3]. Of theseones, the most widely used are now
certain preparations based on chitosan, such as Fitohit, Zolushka, Agro-Hit,
Mikosan, Narciss and Ecogel. Several of these preparations were developed in
Russia. Of these, Narcissus and Ecogel are the ones being most widely used
in crop farming.

Chitosan and preparations based on chitosan are neither toxic to humans
and the environment nor cause resistance in pathogenic microorganisms. Chi-
tosan has fungicide [4], antibacterial [5] and anti-viral [6] effects as well as is
capable of inducing a nonspecific wide spectrum disease resistance in plants
and can be used to protect plants from diseases of different etiology.

One of the unique biological activities of chitosan is considered to be its
ability to induce resistance to plant viral diseases, as well as inhibit viral infec-
tion in animals [7].

Chitosan contributes to reducing nematode population density [8, 9]. Con-
cerning other types of pests, chitosan effectiveness has been insufficiently
studied so far.

The purpose of the study is to examine the biological activity of the chi-
tosan preparation Artafidin against parasitic fauna of plants, animals and birds.

Materials and methods of research
Main research activitieswere carried out atthe Siberian Horticultural Re-
search Institute named after M.A. Lisavenko.

Artafidin testing against aphids, being horticultural crops pests, was per-
formed in apple, black currant, sweet viburnum and raspberry industrial planta-
tions of the Horticultural Research Institute experimental field, against aphids,
being vegetables and melonspests, at garden plots, against scales — on house-
plants. Experiments on the spraying of these crops were carried out in four repe-
tition stages using a Kwazar backpack sprayer. Liquid insecticidal soap was test-
ed as the experimental reference standard. The control plants were not treated.

Dead pests count was performed 1 day after treatment using an MBS-9
microscope to scan ten damaged leaves in each replicate while calculating the
number of live and dead individuals according to the technique by K. Gar
[1963] [10]. The population density of the colonies was taken into account.
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The colonies numbering up to 30 individuals were referred to as lowly-popu-
lated, whereas those numbering up to over 250 as highly-populated ones.

The three-factor experiment to test Artafidin on horticultural crops includ-
edFactor A factor as the preparation, Factor B — aphid species, Factor C —
population density of the colonies.

The way Artafidin treatment affects protected plants was tested at a long-
term apple station on the Zhar-Ptitsa apple variety. The way plants develop under
different treatment conditions was analyzed by measuring growth of all plants at
the end of the vegetation season; crop yield was measured on two plants in each
replicate. The fruit biochemical analysis was carried out at the biochemistry lab-
oratory of the Horticultural Research Institute using the conventional techniques.

The statistical data processing was done by the analysis-of-variance meth-
od [11].

The testing of Artafidina caricide activity against ixodicticks Dermacentor
marginatus (Sulzer, 1776) was conducted in the Altai Research and Devel-
opment Institute of Cattle Breeding Technology using the standard technique
[12], against menoponidae Menacanthus stramineus (Nitzsch, 1818) it was the
technique by D.I. Blagoveshchensky that was used [1972] [13].

Results and discussion

The chitosan preparation Artafidin was developed atthe Siberian Horti-
cultural Research Institute named after M.A. Lisavenko. Liquid insecticidal
soap and organic-mineral fertilizer Artemia obtained from cysts of Artemia
sp., found in salt lakes of the AltaiTerritory, were used as raw materials. The
structure of the Artemia sp. hydrolysatecontains 35% solid matter (proteins
and amino acids, fats and fatty acids, chitin and chitosan), 0.5% total nitrogen,
12% total phosphorus and traces of Cu, Zn, Co, Mn [14]. The Artemia sp.hy-
drolysate also contains 35 fatty acids, including arachidonic acid [15], which
is characterized as having a growth stimulating effect.

Artafidinwas tested against the most common group of sap-sucking pests
of horticultural crops, i.e., the following species of aphids: green apple (Aphis
pomi Deg, 1773), gooseberry (Aphis grossulariae Kalt, 1843), black sweet vi-
burnum (Aphis viburni Giovanni Antonio Scopoli, 1763) and raspberry (Aphis
idaiei Goot., 1912).

Numerous colonies of these species of aphids live in the tops of the grow-
ing shoots, slowing their growth and development, reducing winter hardiness
of the plants. The harmfulness of aphids is exacerbated by the fact that they can
be carriers of dangerous viral diseases.
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The preliminary tests of the Artemia sphydrolysate in pure form as well
as at a concentration of 0.3—1% showed its weak insecticidal activity against
aphids of various species due to poor wettability of the latter. Insecticidal soap,
tested as the experimental reference standard, causes death of the pests in low-
ly-populated colonies at 95.4—-100% due to its plasmatic andskin dehydrating
effect. In highly-populated colonies the insecticidal soap treatment effective-
ness against 4.grossulariae decreased to 29.3%, while against 4.idaiei it de-
creased to 5.7%.

It is the content of the Artemia sp. hydrolysate in Artafidin that enhances
theinsecticidal soap toxic effect, probably as it contains arachidonic acid, the
one that has insecticidal properties [16]. In case 0.5% Artafidin was applied,
the aphids exterminationrate failed to exceed 90% (Table 1).

Table 1.
The preparations effectiveness against various species
of aphids onhorticultural crops
Population Aphids extermination rate, %
Preparation an centra- density of A. grossu-
tion, % . A. pomi . A. viburni | A. idaiei
the colonies lariae
No treat- low 0.10 0.20 0.15 0.20
g‘(flm - eon - high 0.30 6.90 2.50 3.50
Liquid soap low 100 95.4 100 97.0
gzi:%e ! high 90.8 293 97.3 57
0.5 low 87.4 85.6 90.0 63.2
high 854 74.5 88.9 41.8
1 low 100 100 100 100
. high 99.7 97.7 96.9 96.5
Artafidin s low 100 100 100 100
) high 99.3 98.4 97.3 98.6
) low 100 100 100 100
high 99.2 99.3 97.8 99.1
HCP, for } - A—0.13;B-0.1;C—0.07; AB— 0.15;
thefactors AC-0.18; BC-0.25; ABC-0.36

As the concentration of the spray material was increased to 1%, it enhanced
the treatment effectiveness up to 100% in lowly-populated colonies and to
96.5-99.7%in highly-populated ones. Further increase in the concentration of
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Artafidinseems to be impractical as it fails to significantly affect the treatment
effectiveness.

According to the results of the statistical data processing the maximum
share of Factor A was 82.8%, Factors AB — 5.2%, Factors AC—4.1%, Factors
ABC — 3.5%, other Factors — 0.07 — 2.1%.

Further Artafidin effectiveness testing was performed at a long-term apple
station, the plant shoots being densely populated by the green apple aphid.

The insecticidal soap entry-level effectiveness was 93.1%, the one of Ar-
tafidin being 95.8%. In the latter case, individuals, that stayed alive, failed to
feed, and were not observed on the plants within 16 days after the treatment
was performed. Re-colonization of the plants was observed 21 days after the
spraying, the pest population being relatively small (6 individuals per leaf),
while the population density on the leavesthat had been treated with insecti-
cidal soap over this period of time increased to 45 individuals per leaf, further
population density rate decreasing significantly due to predatory insects’ vig-
orous activity. The long-term protective effect of Artafidin can reliably protect
apple trees against the green apple aphid after a single spraying.

The apple trees treatment with Artafidin contributed to the shoots quick
growth. By the end of the vegetation season, the growth increase was estimated
2.8 times as highcompared with the control sample and 1.5 times higher com-
pared with the shoots that had been treated with insecticidal soap. The analysis
of variance results showed that this difference is statistically valid. We believe
that the stimulatory effect of Artafidinis related to the fact that the Artemia
sp. hydrolysatecontains elements of plant nutrition and growth promoters, i.e.
chitin, succinic acid and arachidonic acid.

Upon treating the plants with Artafidin the fruit quality improvement was
observed (as compared with the control sample) that include increase in the
sugar content, content of vitamin C and pectin.

The sugar-acid ratio, which characterizes fruit palatability traits, was esti-
mated as 23.8 in the first case and 14.1 in the second one. The lowest sugar-acid
ratio of 10.0 was observed upon treating the apple trres with insecticidal soap.

The use of Artafidinto protect apple trees from A. pomi allows growing
ecologically friendly produce, which is considered an advantage in compari-
son with the chemical protection products.

The test results of the chitosan preparation effectiveness against various
species of aphids on vegetable and melon crops have shown that when 1%
Artafidin was applied, the extermination rate of the Brevicoryne brassicae L.,
1758 increased from 82.4 to 100% in comparison with the experimental refer-
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ence standard. Liquid insecticidal soap ensured 100% extermination rate of the
pests provided the spray material concentration was increased to 2%.

The effectiveness of liquid insecticidal soap at a concentration of 1%
against Aphis gossypii Glov., 1877 being sprayed over cucumbers and water-
melons amounted to 70.4—74.2%. It reached 92.4-94.6% only once the spray
material concentration had been doubled. Artafidin provided high treatment
effectiveness (97.4-98.0%) against these kinds of aphids when the 1% spray
material was applied.

The effectiveness testing of the chitosan preparation Artafidin (1%) showed
its ability to be used not only against various kinds of aphids, but also against
scales on the house plants with 99% effectiveness. Insecticidal soap (2%) pro-
vided 73.3% extermination rate of this kind pests. The tests have shown that
Artafidin can be used for protection against scales on virtually all house plants-
due to its high wetting activity.

High sensitivity to Artafidinhas been found in black-veined white cater-
pillars (Aporiacrataegi L., 1758) of the 1% age. Their extermination rate, once
1% and 2% spray material had been applied, was 98.2% and 100%, respective-
ly. Artafidin effectiveness decreased to 70.3-82.4% when the caterpillars had
come of the 2™ age during the stage of winter nests formation.

According to the test results, Artafidin has proved to be highly selective
towards the beneficial entomofauna and acarofauna. Thus, predatory ticks on
apple trees as well as larvae of various species of predatory gall midges on
fruit, berry, vegetable and melon crops fully retain their viability as the Artafi-
din recommended concentration of 1% is applied, while the use of insecticidal
soap at an effective concentration of 2% caused death of 35.8% of predatory
gall midge larvae.

The tests, carried out at the long-term experimental field, failed to reveal
any resistance to Artafidinin 4. pomi.

Further studies included the chitosan preparation Artafidin testing against
ixodic (pasture) ticks, being temporary external parasites of the vertebrates.
Ixodic ticks are the only carriers of pathogens that cause piroplasmosis, thei-
leriosis, babesiosis, nuttaliosis, tick paralysis, tick bite fever, leptospirosis,
spring-summer encephalitis in humans [17, 18, 19, 20]. In Russia, this type of
ticks is involved in the spread of 20 animal diseases that result in significantly
reduced milk productivity of livestock, whereas the mortality rate can reach
up to 60-90%.

Dermacentormarginatus (Sulzer, 1776) was used as an experimental ob-
ject. The tests were carried out in a laboratory environment.
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Absolute (100%) effectiveness of Artafidin against this species was ob-
tained by treatmentwith the 4% spray material (Table 2).

Table 2.
Artafidin effectiveness against D. marginatus
Ticks extermination rate, %
Variant spray material treatment foam treatment
in 24 hrs in 48 hrs in 24 hrs in 48 hrs
No treatment - control 0.1 0.2 0.2 0.1
Artafidin — 1% 20.6 75.8 53.3 86.6
Artafidin — 2% 15.0 82.5 26.0 82.6
Artafidin — 3% 36.5 93.5 77.5 100
Artafidin — 4% 72.0 100 90.0 100
HCP, 0.53 0.55 0.61 0.36

While the ticks were treated with foam, the 100% extermination rate was
obtained at a lower concentration of Artafidin (3%).

At further stages of Artafidin effectiveness testing, along with other prod-
ucts based on natural biologically active substances, it was tested against
menoponidae M. stramineus (Nitzsch, 1818), being parasites on chickens. The
presence of this ectoparasite on birdscauses mallophagosis that results in a sig-
nificant economic damage to the poultry industry in many countries [21]. Cur-
rently, in Russia various sorts of powders, solutions or shampoos containing
synthetic pyrethroids and carbamate insecticides are used to protect the poultry
from menoponidae. They fail to exhibit ovicidal action, as well as repeated
treatments are required. After the treatment is performed, the eggs and poultry
meat should be excluded from consumption for 1 month.

Artafidin effectiveness testing against M. stramineus in a laboratory en-
vironment has shown high sensitivity of this type of pests to Artafidin and
other preparations based on natural biologically active substances. At both
high (1-4%) andextremely low concentrations (0.001-0.0005%) the treatment
effectiveness was 100% (Table 3).

M. stramineus high sensitivity to the treatment is due to the fact that once
their ritating agents get inside the respiratory chambers, they affect the pe-
ripheral nervous system and damage the respiratory muscles, which leads to
the death of the parasite. The chemical preparation Neostomasan, tested at a
concentration of 0.001%, has also provided 100% mortality of the pest.

Artafidin effectiveness in stationary conditions was tested at the Bla-
goveshchenskaya poultry farm of the Altai Territory. Prior to the treatment the
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massive clusters of adult parasites around the chickens’ abdomen areahad been
found. The chickens were treated by immersing the whole body (head up),
followed by a vigorous manual handling of the head and other body parts. The
treatment of the birds neither had negative effect on their condition nor affect-
ed the egg-laying intensity or the main parameters of the blood composition.

Table 3.
Effectiveness of preparations based on natural biologically
active substances against M. stramineus
M. stramineus extermination rate, %
Preparation at a preparation concentration, %
4-1 1 0.5 [0.25] 0.1 | 0.05]0.025| 0.01 [0.001|0.0005
Afidin 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
Artafidin 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
Vita-Start 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
Fos 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
Neo 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | —
Formicide 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
Neostomasan (reference
- - - - - - - [ 100 | —
standard)
No treatment - control 0.09-0.4

The birds were then periodically inspected for the presence of live parasites
and their larvae during the post-treatment period. Ovicidal action of the prepa-
rations was not specifically taken into account, but all the pests’ eggs seem to
have died after the treatment had been effected, since the protective effect pe-
riod of the preparation was 1.5 months long and neither larvae nor adult insects
were found on the treated poultry. We assume that death of the eggs is related
to the waxy coatingdestruction, the one being required for the egg to be able to
attach itself to the feather.

The preparation Artafidin, that has proved to be effective against M. stra-
mineus, contains notoxic ingredients, which seems to be an advantage com-
pared withthe chemical preparation Neostomasan. Ovicidal action of Artafidin
provides long-term protection. Its use allows to lift restrictions on the eggs and
poultry meat consumption after treatment.

Conclusion
The chitosan preparation Artafidin, developed on the basis of liquid in-
secticidal soaps and organic-mineral fertilizer Artemia, is characterized by
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a multiple-function activity against various representatives of the parasitic
fauna.

1% Artafidin is 96.5-100% effective against aphids, being a common
group of sap-sucking pests on horticultural crops, it is 97.4-98.0% effec-
tive against a phids on melons, is 100% effective against B. brassicae,
and is 82.4-100% effective against 4. crataegi caterpillars at early ages.
In addition, this preparation has proved to be highly selective towards the
beneficial fauna.

The long-term protective effect of Artafidin contributes to a good phy-
tosanitary condition of the plants after a single spraying against A. pomi.

No formation of 4. pomi stable populations at the long-term apple station
was observed after Artafidin had been applied.

Treating apple trees with Artafidinpromotes active plant growth and im-
proves the produce quality.

Artafidin provesto be 100% effective against D. marginatus once either
4% spray material or 3% foam is used.

High sensitivity to Artafidin in M. stramineus and its ovicidal activity
providesa long-term protective effect. Its use allows to lift restrictions on the
eggs and poultry meat consumption after treatment.

Artafidin fights against the parasitic fauna of plants and animals as well
as helps to ensure ecologically friendly crops and livestock production, pro-
viding a safe environment.
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EVALUATION OF CRITERIA FOR THE EFFICIENCY
OF THE EXTRACTION PROCESS OF ROOT
AND RHIZOMES OF TURKESTAN VALERIAN

Sermukhamedova O.V., Gladukh E.V.,, Sakipova Z.B., Ibragimova L.N.,
Tleshova G.B., Maulen Zh.N., Nasyr A.S.

The goal is to calculate the efficiency criteria of the technological process
of percolation of Turkestan valerian roots and rhizomes, to work out an opti-
mal technology for obtaining a thick extract of Turkestan valerian.

Materials and methods. In the experiment used roots and rhizomes of Turke-
stan valerian, purified water and ethanol of 96% pharmacopoeial quality.

When determining the optimum extraction conditions 70% ethyl alcohol
was used as the extractant. The extraction method is percolation. Each ex-
tract fraction was taken at a DER 1:1 step, the amount of dry residue in each
fraction was estimated and the main indices of the process dynamics were
calculated.

Results. The total yield of extractives from 100 g of the raw materials was
10.79 g, which is more than 12.44%. The maximum number of stages of ex-
traction for obtaining a thick extract is 7, a further increase in portions of the
extractant does not lead to a significant increase in the yield of the finished
product, which indicates the depletion of the raw material.

The optimal technology for getting a thick extract consists of the following
classical steps: grinding raw materials, preparing the extractant, preparing
herbal raw materials, infusion, percolation, settling, filtration, evaporation,
packaging and marking.
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Conclusion. Based on the conducted research, a technology for obtaining
a thick extract from the roots and rhizomes of Turkestan valerian has been
tested and experimentally substantiated, a laboratory regulation and methods
for its standardization have been developed.

Keywords: Turkestan valerian (V. turkestanica Sumn.); thick extract; effi-
ciency criteria; ethyl alcohol; temperature; speed.

OLHEHKA KPUTEPUEB DOPEKTUBHOCTH
MMPOIECCA SKCTPAKIIMHA KOPHEM Y KOPHEBHII]
BAJIEPUAHBI TYPKECTAHCKOM

Cepmyxameoosa O.B., I'nadyx E.B., Cakunosa 3.b., Hopazumosa JI.H.,
Tnewoea I'b., Maynen 7K.H., Haceip A.C.

Lenvio pabomul a815emcs nposedeHue pacyemos Kpumepues 3¢)hexmusHo-
CMU MEXHONIO2UYECKO20 Npoyecca NepKoIAYUY KOPHell U KOPHesUll 8aiepuaHsl
MYpPKeCMAaHCKOL, 0mpadbomant ONMUMAIbLHYIO MEeXHOI02UIO NOLYYEHUs 2YCMOo-
20 DKCMPAaKma 8anepuaHsl mypKecmaHcKou.

Mamepuanst u memoost. B sxcnepumenme ucnonv308anu KOpHU U KOpHe-
BUWA BATLEPUAHBL MYPKECIAHCKOU, 800y OYUUEHHYIO U CRUupm 5munosslil 96%
ghapmakonetinozo kauecmaa.

Ilpu onpedenenuu onMuUManIbHBIX YCA08UL IKCMPALUPOBAHUSA UCHOIb308A-
au 8 kauecmee skcmpazenma cnupm smunosviid 70 %. Memoo sxcmpaxyuu —
nepronayusi. Kaxcoas ¢paxyus skempaxma omoéupanu ¢ wazom DER 1:1,
OYeHUBAIU KOTUYECBO CYX020 OCIMAMKA 8 KA#COOoU Qpaxyuu i paccyumsoi8d-
JIl OCHOBHblE NOKA3amenu OUHAMUKU Npoyeccad.

Pesynomameut. Oowuil 6b1x00 sxcmpakmughvix seugecma uz 100 e colpwsi co-
cmasun 10,79 2, umo cocmasnaem 6onee 12,44%. Maxcumanvnoe Konuuecmso
cmynemeti SKCmpakyuu 05 NOTYYeHUs 2yCno2o IKCMPAKma pasHo 7, OaivHell-
wee ysenuyerue nopyuti IKCMpazenma He npueoouUm K 3HA4umenbHoMy yeeu-
YEHUIO 8bIX00A 20MOB020 NPOOYKIMA, YMO CEUOECMETbCMBYen 00 UCTOWeHUU
uccnedyemozo colposi.

OnmumanbHas MexHono2us NOLYYeHUsi IKCMPAKMAa 2yCmoz2o COCHIOUN U3
CILeOYIOWUX KIACCUYECKUX CMAOULL UBMETbYEHUE CbIPbsl, NPUSOMOBTIEHUE IKC-
mpazeHma, no020mMoeKa 1eKapCmMeeHH020 pAcCmMUmMenbHO20 Cbipba, HACMAaUusaHue,
NeproIAYUSA, OMCMAUsaHue, Puibmpayus, ynapueanue, YakoeKka u MapKuposKd.

3axntouenue. Taxum obpasom Ha 0CHOBAHUU NPOBEOCHHO2O UCCIEO08AHUSL
ompabomana u KCHEPUMEHMATLHO 0DOCHOBAHA MEXHONO02US NOTYHEHUs 2)-
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CMO20 HKCMPAKMA U3 KOpHell U KOpHesuwy 8a1epuansl mypKkecmanckol, paspa-
boman 1a6opamopHblil pe2iamenm u paspadomansl Memoouxy 01 e2o CIMaH-
oapmuzayuu.

Knrouesvie cnosa: sanepuana mypkecmanckas (V. turkestanica Sumn);
2YCmOotl SKCmpaxm, Kpumepuu 3QhQexmusHocmu; CRUpm 3muiosblil, memne-
pamypa,; cKopocmb.

Turkestan valerian (V. turkestanica Sumn.) is a perennial herbaceous plant
with a straight or at the bottom short rising stem of 30—80 (100) cm in height
and a shortened rhizome with numerous dark brown cord-like lobes 1-2 mm
thick. Basal leaves are lyrate-pinnately-dissected, with 3—5 pairs of lateral, en-
tire marginal, ovate-lanceolate segments, 25-30 mm long and 411 mm wide;
terminal portion is slightly larger than lateral segments, round or oblong-ovate,
30-40 mm long and 10-20 mm wide. Inflorescence is at first capitate, flowers
are lilac, up to 7 mm in length; fruits are 4 mm long and 1.5 mm wide, elongat-
ed, brown. It blossoms in June, the fruits are ripen in July-August. It grows on
subalpine and alpine meadows, in spruce forests, on forest and flood meadows,
grassy slopes of gorges up to 2000—4000 m in height [1].

Turkestan valerian is characterized by the Central Asian type of area. In
Kazakhstan it is found in the Dzungarian Alatau, the Zailiysky and Kungei
Alatau, Ketmen, the Terskey Alatau, the Chu-Ili mountains, the Kirghiz
Alatau, the Karatau [2, 3]. Although this species is widely distributed on the
territory of Kazakhstan, the cultivation of the species is of practical importance
for maintaining the consistency of the composition of biologically active sub-
stances and the manifestation of their pharmacological activity [4].

The goal is to calculate the efficiency criteria of the technological process
of percolation of Turkestan valerian roots and rhizomes, to work out an opti-
mal technology for obtaining a thick extract of Turkestan valerian.

Materials and methods

Roots and rhizomes of Turkestan valerian were collected in the mountains
of the Zailiysky Alatau in late August, 2016 and represent a whole dried raw
material. The following ingredients were used in the preparation of the extract-
ant: purified water and ethanol of 96% pharmacopoeial quality.

When determining the optimum extraction conditions 70% ethyl alcohol
was used as the extractant. Each extract fraction was taken at a DER 1:1 step,
the amount of dry residue in each fraction was estimated and the main indices
of the process dynamics were calculated.
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Percolation was carried out using a laboratory filtration extractor. 100 g of
crushed (3—5 mm) roots and rhizomes of Turkestan valerian were loaded into the
extractor, 70% ethanol was poured in and infused for 24 hours. Then the percola-
tion process was carried out; the speed was approximately 3—4 ml/min. Samples
of the extract were collected separately with a DER 1:1 step. The extraction
process was carried out until a total extract of DER 1:10 was obtained. For
each sample of the extract a dry residue was determined and the basic physico-
chemical characteristics were fixed.

The content of the dry residue 4, in individual portions of the extracts V|
obtained by a certain extractant at a certain ratio of raw material: extract was
calculated by the formula, g [5]:

o XV
A _— n n 1
"= 700 (1)

where: V —is the volume of a separately collected portion of the liquid extract
obtained by a certain extractant at a raw material: extract (1:1) ratio, ml;

o, — is the dry residue in a separately collected portion of extract 7,%.

The content of the dry residue B in the total extracts V obtained by a
certain extractant at a certain ratio of raw material: extract was calculated by
the formula, g [5]:

B,=4, @)

where: 4 —the dry residue in a separately collected portion of the extract V', g.
The content of the dry residue C, in the total extracts V _, obtained by a

certain extractant at a certain ratio of raw materials: extract at the stage, was
calculated by the formula, % [5]:

c :Vi”*m% 3)

n
n+l

where: V| — the volume of the total extract in the stage, ml;

B, — the content of the dry residue in the total extracts V', g.

The yield of extractive substances (absolutely dry extract) D, of each frac-
tion by a certain extractant at a certain raw material: extract ratio was calculat-
ed by the formula,% [5]:

D, = B x100% )
m

where: m_ is the mass of the raw material loaded into the extractor, g;
B, — the content of the dry residue in the total extracts V', g.
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Results of the study
Table 1 presents the data of the experiments and calculated data of the main
parameters of the dynamics of the percolation process of Turkestan valerian
fragmented roots and rhizomes by 70% ethanol at a certain ratio of raw mate-
rial: extractant. The total yield of extractives from 100 g of the raw materials
was 10.79 g, which is more than 12.44%.

Table 1.
Calculated data of the main indicators of the dynamics of the Turkestan valerian
percolation process

Volume of \f})ll:r:;fa(l)f Coofn(;:;lt Content | Content | Content Dry
Ne| & 5P arate extract residue, ofdry ofdry of'dry c?xtract

portion of V inthe | o, g/100 residue, | residue, | residue, |yieldD,

extract, V, sgz;]ge, ml n ml A,g B,.g C.,% %
1 100 100 2,45 2,45 2,45 2,45 2,45
2 100 200 2,25 2,25 4,70 2,35 4,70
3 100 300 1,79 1,79 6,49 2,16 6,49
4 100 400 1,91 1,91 8,40 2,10 8,40
5 100 500 1,00 1,00 9,40 1,88 9,40
6 100 600 0,71 0,71 10,11 1,69 10,11
7 100 700 0,54 0,54 10,65 1,52 10,65
8 100 800 0,05 0,05 10,70 1,34 10,70
9 100 900 0,05 0,05 10,75 1,19 10,75
10 100 1000 0,05 0,05 10,80 1,08 10,80

In order to determine the optimum conditions for extraction of raw ma-
terials, diagrams of the dependence of the main criteria of extraction process
efficiency on the change in the ratio «raw material: extract» were constructed
for each of the experiments.

The nature of the change in the process evaluation criteria under study
in the dynamics of the «raw material: extract» ratio change is shown in
Figures 1-2.

The maximum number of stages of extraction for obtaining a thick extract
is 7, a further increase in portions of the extractant does not lead to a significant
increase in the yield of the finished product, which indicates the depletion of
the raw material.
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Fig. 2. Diagram of the yield of an absolutely dry extract, depending on DER

Based on the data obtained the optimal technology for getting a thick ex-
tract has been worked out, which consists of the following classical steps:
grinding raw materials, preparing the extractant, preparing herbal raw mate-
rials (HRM), infusion, percolation, settling, filtration, evaporation, packaging
and marking (Figure 3).
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Fig. 3. Technological scheme for producing a thick extract from roots

and rhizomes of Turkestan valerian
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Roots and rhizomes of Turkestan valerian are crushed on a grass cutter to a
size of 3—5 mm. A regulated amount of the crushed raw material is loaded into
the percolator with a false bottom, filled with the calculated amount of ethyl
alcohol 70% taking into account the absorption coefficient and infused for 24
hours. Then the process of extraction (percolation), draining of the percolate
and simultaneous feeding of the extractant is carried out at a speed of 3—4 mils/
min. The resulting semi-finished product is left to settle at a temperature of
no higher than 8°C for 24 hours. The settled extract is separated from the bal-
last mass, subjected to a three-stage filtration (the filter pore size: 1.0 um, 0.5
pm, 0.65/0.45 um), evaporated in a rotary vacuum evaporator at the specified
parameters (temperature 40+1°C, rotation speed 80-100 rpm, vacuum 0.08
mPa), packed in containers of orange glass for pharmaceutical use, and marked
in accordance with the requirements of order No. 227 of 04/16/2015 [4].

Thus, based on the conducted research, a technology for obtaining a thick
extract from the roots and rhizomes of Turkestan valerian has been tested and
experimentally substantiated, a laboratory regulation and methods for its stan-
dardization have been developed.
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NPABUNA ONA ABTOPOB

(http://discover-journal.ru/guidelines.html)

B xypHane myOnMKyIOTCS CTaThbl, HaydHBIE O030pPHI M COOOIICHHS
MpoOIEMHOT0 ¥ HAy4YHO-TIPAKTHYECKOTO XapakTepa, MpeIcTaBIISIOIINE
c000i pe3ynapTaThl 3aBEPIICHHBIX HCCIEIOBAHUA O BaXKHEHIINX OCTH-
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