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DEVELOPMENT OF BIOLOGICALLY ACTIVE COMPLEXES
TAKING INTO ACCOUNT TECHNOLOGICAL REQUIREMENTS

Abstract. Nutrition during pregnancy is one of the main conditions for the healthy fetal development, favorable
course of pregnancy and its outcome. One of the ways for optimization of the nutritional status of pregnant and
breastfeeding women is using specialized foods with the optimized chemical composition in a diet. The V. M. Gor-
batov Federal Research Center for Food Systems of Russian Academy of Sciences (Gorbatov Research Center for
Food Systems) developed the biologically active additives (BAAs) intended for the use in production of the spe-
cialized cooked sausages for nutrition of pregnant and breastfeeding women. With consideration for the requirements
of the body in nutritional and biologically active substances and technological peculiarities of cooked sausage
production, the composition of additives was substantiated, their medico-biological assessment was carried out and
the parameters of their addition were established. The BAAs correspond to the established norms by the sanitary-
chemical indicators, which will ensure safety of an enriched meat product. Using the developed BAAs, the biolo-
gically full-value sausages were produced, which correspond to the medico-biological requirements specified for this
consumer group. Addition of the BAAs into a meat product in the recommended dose ensures meeting the daily
requirement for biologically active substances (vitamins and calcium) by 15-28%, recommended ratio of omega-
6:0mega-3 fatty acids (5:1) and the calcium: phosphorus ratio (1:1.5).
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Introduction. Intake of the necessary amount of nutrients and energy by pregnant women and
breastfeeding mothers is, largely, ensured by a correspondent range of products in a dict. Balanced
nutrition should be accomplished due to the use of different product groups - meat (beef, lean grades of
pork and mutton, chicken, turkey, rabbit), fish, bread, cereals, pasta, butter, vegetable oil, vegetables, and
fruit. It is necessary to exclude from a diet products that contain preserving agents, coloring agents and
artificial flavoring agents. It was established that for support of active lactation, the optimal composition
of breast milk and health of a breastfeeding mother, her daily diet should additionally include vitamins and
minerals, as well as up to 40 g of protein and carbohydrates, up to 15 g of fat, which bring into a diet of
about 500 kkal [1-5].

Meat and meat products in nutrition of a pregnant and breastfeeding woman are a source of full value
protein, fat, B-group vitamins and, more importantly, easily assimilable iron.

Insufficient protein consumption is dangerous during pregnancy, especially in its second half, and
during breast feeding, when the need for protein increases almost by 1.5 times from 66 to 96 g per day,
which is conditioned by its increased expenditure for the growth of the placenta, uterus, fetus, mammary
glands and later for production of breast milk [6]. All women during pregnancy (especially those in the
risk group of the development of iron deficiency anemia) need mainly the prophylaxis to prevent the
development of this condition. The prophylaxis of the development of iron deficiency anemia should be
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carried out beginning from the earliest period of pregnancy. It consists largely in administration of a full
value diet that ensures increasing iron requirements of pregnant women. In case of detection of latent iron
deficiency or diagnosis of anemia, a woman needs not only dietetic therapy but also pharmaceutical
treatment. When making one or another recommendation, it is necessary to take into account the
peculiarities of iron metabolism in the body, mainly, the peculiarities of its absorption in the gastroin-
testinal tract. It is known that heme ferrous iron is utilized most successfully in the digestive tract. The
sources of this iron form are, primarily, meat products [7-9].

The main aspect of a balanced diet of a pregnant woman as well as a woman during breast feeding of
a baby is a sufficient content of vitamins and minerals in a menu. Analysis of the actual nutrition of
pregnant and breastfeeding women carried out in different Russian regions gives evidence about the
significant alimentary imbalance of their diets. It does not seem possible to satisfy increasing requirements
of a future mother in these substances only with foods in her diet. Therefore, it is necessary to correct a
diet of pregnant and breastfeeding women using specialized foods that contain the main macro- and
micronutrients in quantities that, to a large extent, can meet the requirements of women in this important
period of their life, achieve the optimal composition of breast milk and ensure the adequate development
of a child [10-19].

Table 1 highlights the key micronutrients influencing the fetal development, which a woman has to
intake both before and during pregnancy.

Table 1 — An effect of several disorders of the nutritional status of pregnant women on the fetal development

Nutrition disorders Disorders of fetal development
Deficiency of protein and energy Intrauterine hypotrophy, arrest of the brain development
De_ﬁciency of PUFA; imbalance of the w6: ®3 PUFA Disorders in the development of neuroretina and brain
ratio
Deficiency of folic acid (especially, Defects of the neural tube development
in combination with deficiency of vitamins C, B6, B12) | (anencephalia, cephalocele)
Deficiency or excess of vitamin A Congenital malformation
Deficiency of vitamin D3 and Ca Disorders of calcium and phosphorus metabolism in the bone tissue
Deficiency of iron (Fe) Leads to iron deficiency anemia

The aim of the work was to develop the biologically active additives for specialized meat products for
pregnant and breastfeeding women and to carry out their medical and biological assessment.

Materials and methods. The content of calcium in BAAs was detected by the complexometric
method based on formation in the alkaline medium of the slightly dissociated complex compounds of
calcium cations with disodium salt of ethylenediaminetetraacetic acid (trilon B). The content of vitamin
D3 was detected according to GOST 30624-98, biotin (vitamin H), vitamins B5, B9, B12 using the
high performance liquid chromatography. The content of the dictary fibers was detected using the
enzymatic method, which consists of hydrolysis and elimination of protein and starchy substances by
enzymes that are analogous to the enzymes of the human digestive tract. The general content of omega-3
PUFA was detected by the method of gas chromatography with the use of a packed column or a
capillary column to detect qualitative and quantitative composition of the mixture of fatty acids in a form
of methyl esters obtained according to GOST 31665. Heavy metals were detected by the following
methods: lead and cadmium by the method of inverse voltammetry, mercury and arsenic by the method of
atomic absorption spectrometry. Pesticides were detected by the chromatographic methods; antibiotics
were detected using the test-system RIDASCREEN® Chloramphenicol (for chloramphenicol) and by the
screening method using enzyme immunoassay (for the tetracycline group). The melamine content was
detected by the method of high resolution liquid chromatography, aflatoxins by thin-layer and high
performance liquid chromatography.

The obtained results of investigations were processed by the methods of mathematical statistics.
Statistical processing was carried out using the software package Statistica 10.0. The results are presented
as a weighted average + standard deviation.
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Results. The Gorbatov Research Center for Food Systems developed the biologically active additives
(BAAs) intended for the use in manufacture of cooked sausages for nutrition of pregnant and breast-
feeding women, substantiated their composition and technology of production and addition. The
ingredient composition and dosage of additives are presented in table 2.

Table 2 — Ingredient composition of biologically active additives

s : > Dosage,
Additive Ingredient composition ke/100 kg
BAA Dry nonfat milk, wheat fiber, calcium lactate, calcium carbonate, dry egg mélange, 734

(mixture No. 1) | calcium D-pantothenate, folic acid, D-biotin, D3 cholecalciferol, cyanocobalamin

Dry nonfat milk, wheat fiber, calcium citrate, dry egg mélange, omega-3 polyunsaturated
fatty acids (eicosapentaenoic acid, docosahexaenoic acid), calcium D-pantothenate, 7.87
folic acid, D-biotin, D3 cholecalciferol, cyanocobalamin

BAA
(mixture No. 2)

The choice of components is conditioned by their compatibility and an effect on normalization of
processes occurred during pregnancy. Addition of dietary fibers is determined by their function of
improvement of intestinal peristalsis; addition of dry milk and mélange is conditioned by an increase in
the biological value due to the balanced amino acid composition. Vitamin D, which participates in the
calcium and phosphorus metabolism, facilitates ossification of the fetal skeleton and thereby prevents the
development of rachitis, while folic acid (B.) plays an important role in formation of the placenta tissue
and new blood vessels in the uterus, therefore, the vitamin deficiency during pregnancy can lead to its
premature termination. The presence of m; PUFA in the mixture is conditioned by their effect on the nor-
mal course of pregnancy and prevention of premature delivery, the development and function of the organ
of vision and fetal nervous system, formation of new tissues during pregnancy [3, 11, 17, 19]. As a source
of calcium, calcium salts (carbonate and lactate) were used in the mixture composition. The effective
concentration of calcium salts was selected that ensured the required content of the element in the product
and at the same time positively affected the functional properties of minced meat [20]. The use of
phosphates in production of meat products for pregnant and breastfeeding women is impermissible as it is
known that the calcium and phosphorus ratio in meat is about 1:10; as a result of phosphate addition, the
imbalance increases leading to elimination of calcium from the body of a mother and a child. The optimal
assimilation of calcium (70-72%) requires the calcium and phosphorus ratio of 1:1+2.

The quantitative ratio of the ingredients in the mixtures was established with consideration for degra-
dation of the enriching components in the process of thermal treatment and storage, mutual compatibility
and so on.

Medico-biological assessment of the developed BAAs was carried out in the Federal Research Centre
of Nutrition and Biotechnology. Table 3 presents the values of the nutritional value indicators of the
developed additives and the content of the biologically active substances.

Table 3 — Actual values of the indicators of the nutritional value and biologically active substances in BAAs

. Units of Actual content
Indicator . .
measurement BAA (mixture No. 1) BAA (mixture No.2)

Biotin (vitamin H) mg/100 g 0.240+0.036 0.240+0.036
vitamin B12 ng /100 g 11.0+£2.0 11.0+£2.0
vitamin B5 mg /100 g 20.7£1.0 21.7+1.1
vitamin B9 mg /100 g 1.85+0.09 1.91+0.10
Calcium g/100 g 4.80+0.28 3.80+0.23
vitamin D3 ng/100 g 54.80+0.54 52.60+0.52
Sum of omega-3 fatty acids mg /100 g - 694.0+138.8
Dietary fibers (sum) g/100 g 28.0+£2.8 28.40+2.84
Protein 2/100 g 19.7+0.3 17.4+0.3
Fat g/100 g 3.50+0.42 5.64+0.67
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Along with the solution to the task of increasing the nutritional value of meat products, an important
factor is its hygienic safety, including microbiological safety, which to a large degree depends on raw
material quality and recipe components [21-25].

Pregnant women are one of the population groups that are most sensitive to the content of chemical
contaminants and biological agents in foods. Taking into consideration the purpose of the product, for
which production the BAAs are used, sanitary-chemical safety of the additive and its correspondence to
the existing norms (TR TS 021/2011 “On food safety”) are of great importance. Table 4 presents the
values of the sanitary-chemical indicators.

Table 4 — Actual and regulatory values of the sanitary-chemical indicators

Indicator Actual value of the indicator Regulatory value of the
BAA (mixture No.1) | BAA (mixture No2) indicator

Lead <0.001 mg/kg Not more than 1.0 mg/kg
Cadmium <0.001 mg/kg Not more than 1.0 mg/kg
Mercury not detected (limit of detection 0.0025 mg/kg) Not more than 0.2 mg/kg
Arsenic 0.048 mg/kg (+£35%) | 0.012 mg/kg (+£35%) Not more than 1.5 mg/kg
Hexachlorocyclohexane not detected (limit of detection 0.001 mg/kg) Not more than 0.1 mg/kg
(a,B, y-isomers)
?ﬁ;?ﬁgﬁﬁieggé ti?scﬁllgtrao&l lei-tes not detected (limit of detection 0.001 mg/kg) Not more than 0.1 mg/kg
Aldrin not detected (limit of detection 0.0025 mg/kg) Not allowed
Heptachlor not detected (limit of detection 0.0025 mg/kg) Not allowed
Aflatoxin M1 <0.00002 mg/kg Not more than 0.0005 mg/kg
Melamine not detected (less than 1 mg/kg) Not allowed (less than 1.0)
Chloramphenicol (limit &?&lgﬁﬁ%%éﬁg?&lg /ke) de?eoctti((l)e;e()c.t)egoggnnifg(;lig) Not allowed (less than 0.0003)
Tetracycline antibiotics not detected (limit of detection 0.0015 mg/kg) Not allowed (less than 0.01)
Streptomycin not detected (limit of detection 0.1 mg/kg) Not allowed (less than 0.2)
Penicillin not detected (limit of detection 0.004 mg/kg) Not allowed (less than 0.004)

By the sanitary-chemical indicators, the BAAs correspond to the established norms, which will allow
ensuring safety of an enriched meat product.

According to the results of the medico-biological assessment, the mixture is recommended for the use
in the food industry for enrichment of specialized sausages intended for nutrition of pregnant and
breastfeeding women. The Gorbatov Research Center for Food Systems developed the technologies of
specialized meat products intended for nutrition of pregnant and breastfeeding women [20].

Cooked sausages are one of the most popular meat products of industrial production in Russia. Their
significant drawback is a high content of saturated fats, salt, the use of phosphoric acid salts that lead to
imbalance of the calcium:phosphorus ratio, and other food additives.

Particular requirements are specified for sausages intended for nutrition of pregnant and breastfeeding
women: they have to be balanced by the macro- and micronutrient composition, have restrictions
regarding the content of salt, sodium nitrite and fat, do not contain phosphates, hot spices, synthetic
coloring and flavoring agents. With that, all raw materials and used components should strictly correspond
to the Russian effective regulation regarding the allowable levels of toxic elements and microbiological
indicators. The balance of protein and fat composition is ensured by selection of combinations of animal
and plant raw materials. The recipe composition of cooked sausages includes: option 1 - rabbit meat, pork,
soybean oil, BAA (mixture No. 1), curing mixture, ascorbic acid, sugar, spices; option 2 - beef, pork,
turkey meat, BAA (mixture No.2), curing mixture, ascorbic acid, sugar, spices.

Addition into a meat product (sausage) of BAAs in the recommended dose will ensure meeting a
daily requirement in biologically active substances (vitamins and calcium) by 15-28%, as well as the
favorable ratio of omega-6/omega-3 fatty acids.
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BAAs are added at the final stage of minced meat preparation not less than 3-5 minutes before the
end of cutting.

Table 5 presents the indicators of the nutritional value of cooked sausages produced with the use of
the developed BAAs and intended for nutrition of pregnant and breastfeeding women.

Table 5 — Physico-chemical indicators of cooked sausages produced
with BAAs and intended for pregnant and breastfeeding women

Indicator Content in sausage with BAA Content in sausage with BAA
(mixture No. 1) (mixture No. 2)
Mass fraction of protein, % 14.5 14.0
Mass fraction of fat, % 19.0 18.5
Mass fraction of edible salt, % 1.75
Mass fraction of sodium nitrite, % 0.0018
Ratio of w-6 : ©-3 PUFA 7:1 5:1
Mass fraction of vitamins and minerals in 100 g
Bo, mg 0.12/25*
Bs, mg 1.4 /23,3*
By, ug 0.5/14 3*
H, ug 10.0/20*
D ng 3.5/28*
Ca, mg 250.0/19*
Ca:P ratio 1:1.5
Dietary fibers, % 2.0
*Percent of daily norm upon consumption of 100 g of a product.

Conclusion. Therefore, the biologically full value sausages that corresponded to the medico-biolo-
gical requirements for the products intended for this group of consumers were produced using the
developed BAAs. Introduction into a diet of pregnant and breastfeeding women of the specialized sau-
sages enriched with physiologically beneficial ingredients instead of traditional products will provide them
with quality products without sharp changes in food stercotypes.

M. A. Acanosa’, 0. K. JIepesnukas’ A. C. Tsuisicnn’, M. X. Hckaxos', /I, E. HypmyxanGerosa®

DeaepanablKk MCMJICKCTTIK OFO/KCTTIK FRUTBIMH MCKEME
"B. M. I'opbaroB aTbIHAAFBI a3bIK-TYJIIK XXYHeIepiHiH (eaepanabik ¥eutsivu optraibirsl”’, PFA, Mackey, Peced,
*HAPXO3 yrusepcuteri, Amvarsr, Kazakcran

TEXHOJIOTI'HAJBIK TAJTAIITAPABI ECEIIKE AJTY ECEBIHEH
BUOJOI'UAJIBIK BEJICEHAI KEHIEHAI 93IPJIEY

Annoramus., JKYKTUTK KE3IHAC TAMAKTAHY AHAHBIH KYPCAFBIHIAFH OANAHBIH TOJBIKKAHIBI JAMYBIHBIH,
JKYKTLTIKTIH KOJAUIBI AaFBIMBIHBIH YKOHE OHBIH HOTIDKECIHIH €H OACThI MAPTTAPBIHBIH Oipi Oombim Tadbumaasl. JKyKTi
JKOHE 0ana eMi3eTiH oHenAepaiH TaraMAbIK MOPTEOCCiH OHTANIAHABIPY >KOMJAPBIHBIH Oipi palHOHIA OHTAMIAH-
JBIPBUTFAH XHUMISUTBIK KypaMabl apHAbl TAMaK eHIMIAEPiH maiiganany 06oxein Tadsumanel. ®MBFM " B. M. I'opbaTos
aTBIHAAFBI A3BIK-TYNIK JKYHCICPiHIH (DeaAcpaiaslK FEUIBIMA OpTANBIFBI" PFA sKyKTi skKoHE 0ama eMi3erin oueaaepai
TAMAKTAHIBIPYFAa APHAIFAH apHAHBI MICIPIITCH IMYKBIK OHIMICPIH OHTIPY KE3iHIC KOJNOAHYFa apHATFaH OHOIO-
ruamsik, Oencenmi kocmanap (BBK) o3ipacHmi. AF3aHBIH TaFaMIBIK JKOHC OHOOTHSLIIBIK OCIICCHII 3aTTapra KakKeT-
TUTTIH JKOHC MICIPIITCH IMYKBIKTAPABl OHAIPYIIH TEXHONOTHSIBIK CPCKINCIIKTCPIH CCKEPE OTHIPHIN, KOCTAIap
KYPaMbIHAA HCTI3ACTIN, OJAPABIH MCIUIIMHAJBIK-OHOMOTHIBIK OaFachl OKYPTi3LImi, CHri3y mapaMeTpiepi
ocrrimeHai. CaHUTAPIIBIK-XUMISLIBIK KepceTkimTep Ootbma BBK OenrincHreH HopMaTHBTEpre Colkec Kemeai, Oy
OaHBITHIIATHIH €T OHIMIHIH KayiICI3AIriH KaMTaMmachl3 €Tyre MYMKiHAIK Oeperi. Osipienren BBK-Hb Kongana
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OTBIPHIN, TYTHIHYIIBUIAPABIH OCHI TOOBIHA KOWBLIATHIH MCIHIIHHAIBIK-OMOIOTHANBIK TAJTANTAPFA COHKEC KCICTiH
OHOTOTHSIBIK, TOMBIKKAHIBI IIYKBIK OHIMIEPi aasiHabl. ET eHiMine BBK yCBIHBIIATHIH 1033712 €HTI3y OHOIOTHSIIBIK
OcnceHi 3aTTapra (IOPyMEHACP MCH KATBIMH) TOYMKTIK KOKCTTUTIKTI 15-28%-Fa KaHAFATTAHIBIPY A6l KAMTAMACKHI3
ereni, omera-6:omera — 3 (5:1) TYKbIMIAC MaH KBIIMKBLIITAPBIHBIH YCBIHBUIATHIH APAKATBIHACHL, KANBIHH apaka-
TBIHACKHL (hocop-1:1,5.

Tyiiin ce3aep: INOKBIK, APHANHI TAMAKTAHY, KYKTI 0HeIACD, JoPYMCHICP.

M. A. Acianosa’, 0. K. JIepepnnkas’ A. C. Isuipiknn’, M. X. Hckaxos', /I, E. HypmyxanGerosa®

'®enepansHOE TOCYIAPCTBEHHOE BGFOMKETHOE HAYYHOE YUPEKICHAE
«®enepanbHBI HAYYHBIH IEHTP MUIIEBbIX cucTeM uM. B. M. I'opbarosa» PAH, Mocksa, Poccus,
“yamBepcurer HAPXO3, Amvarsr, Kazaxcran

PA3ZPABOTKA BHOJIOT'HYECKHN AKTUBHBIX KOMIIJIEKCOB
C YYETOM TEXHOJIOTHUECKHX TPEBOBAHUI

Amnnoramus. [Tutarne Bo BpeMa OCPSMECHHOCTH SABJIACTCSA OXHHM H3 CAMBIX TJIABHBIX YCIOBHH MOTHOICHHOTO
pasBUTHS U0, ONATOMPHATHOTO TCUCHUS OEPEMEHHOCTH | €€ ucxoAa. OJHUM W3 MyTeH ONTHMH3ALUH ITHIIEBOTO
cTaryca OCPEMCHHBIX H KOPMSIIHX KCHIMUH SABJIACTCSA HCHOJB30BAHAC B PALHOHC CIICHHATH3HPOBAHHBIX MHILCBBIX
MPOAYKTOB ONTHMH3HPOBAHHOTO XHMHUIECKOTO cocTasa. B ®I'BHY «®HI] mmmessix cucrem mM. B.M.T'opbarosa»
PAH paspabotansl Omomormuccku aktuBHbIC q00aBku (BAJl), mpeaHA3HAYCHHBIC IS HCHOJIB30BAHHA IPH
MPOU3BOJACTBS CHCIMATH3HPOBAHHBIX BAPCHBIX KOJOACHBIX W3ACTAMH A1 THTAHHA OCPCMCHHBIX M KOPMSIIHX
skeHIuH, C yueTOM mOTPeOHOCTCH OpPraHW3Ma B MHINCBBIX W OMOJOTHYCCKH AKTHBHBIX BCIICCTBAX M TCXHOJOTH-
YCCKUX OCOOCHHOCTCH MPOWM3BOACTBA BAPCHBIX KOJIOAC OOOCHOBAH COCTAB A00ABOK, NMPOBCACHA HX MCIUKO-
OHMOJIOTHICCKAS OIICHKA, VCTAHOBJICHBI MAPAMCTPBHI BHCCCHHUA. [10 CAHMTAPHO-XUMHUCCKHM mMOka3aresiM BAJ]
COOTBCTCTBYIOT YCTAHOBJICHHBIM HOPMATHBAM, YTO TO3BOJHT O0CCHCUHTH OC30MACHOCTH 000TAIIAEMOTO MSACHOTO
mpoaykra. C mpuMcHCHHEM pa3padoTanHbiX BAJl momyucH! OHOMOTHYCCKH TOTHOICHHBIC KOJOACHBIC H3ICIHA,
COOTBCTCTBYHOIHC MCIMKO-OHOJIOTHICCKAM TPCOOBAHHAM, NMPSABABIACMBIM K MPOAYKTAM IS JAHHOW TPYIIIIBI
notpebutenc. Buecenne B MsACHOH mpoaykr BAJ[ B pexoMeHIyeMmol 03¢ OOCCICUMBACT VAOBICTBOPCHHC
CYTOYHOH TOTPCOHOCTH B OHONIOTHYCCKH AKTHBHBIX BCIICCTBAX (BHTAMHHAX H Kambiuu) Ha 15-28 %, pexoMcH-
JYyCMOE COOTHOIICHHUC KUPHBIX KHCIIOT CEMCHCTB oMera-6:omera-3 (5:1), cootHomeHne kambimia: Gocdop — 1:1,5.

KimoueBsbie ci1oBa: koa0aca, CeHIHATH3HPOBAHHOC ITUTAHAE, OCPEMCHHBIC SKCHIUHBI, BUTAMUHBIL.
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