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SCIENTIFIC AND PRACTICAL POTENTIAL
OF DAIRY PRODUCTS FOR SPECIAL PURPOSES

Abstract. For many years, the All-Russian Research Institute of Dairy Industry (VNIMI) has been developing
technologies for special purpose dairy products, including for on-board rations of crews of spacecraft and orbital
stations. The work was carried out in complex with the Institute of Biomedical Problems, the Scientific Research
Institute of the Food Concentrate Industry and Special Food Technology and a number of other industry and medical
institutions. At VNIMI was created the special products shop, the scientific and production base of which allowed
not only to provide research with experimental workings, but also to produce products in the required assortment and
quantities. Development of technologies for astronauts products is continuing and at the present time, medical and
biological requirements are being adjusted, modern technological representations are being expanded to find an
applied solution, aimed at improving the quality while reducing processing intensity, introducing new packaging
materials and so on.

Special requirements are imposed on the products: they must be tasty, highly nutritious, well balanced in
macro- and micro-nutrient composition, have certain preventive properties, be simple in preparation and use, have
increased storage stability, etc. This group of products is rightfully considered the most knowledge-intensive in terms
of technological innovations and solutions.

Special purpose products on a dairy basis can in principle be divided into two main groups: sterilized (abiosis)
and freeze-dried (xeranoanobiosis). To date, dozens of technologies have been created in both groups — milk, dairy
drinks, soups, cereals, dairy products, cottage cheese and others. The products were tested for the duration of storage
and included in the diets of astronauts. Part of the products was approved in the works of orbital stations and
spacecraft, including international ones. Qualitative indicators of dairy products are highly appreciated not only by
Russian, but also by foreign cosmonauts.

Keywords: space, nutrition, dairy products, technology, sublimation, sterilization.

With the beginning of the era of space exploration and organization of human flights into space,
there was a need to provide cosmonauts with food. The everyday process of eating food in the conditions
of space acquires many nuances of "everyday", medical-biological, technological and other formats
[1,2].

The peculiarities of labor and life of cosmonauts in flight, associated with the stressful effects on the
body of conditions of non-trivial situation, such as speed of movement, weightlessness, emotional and
mental stress, limited space of the ship's cabin and others, make special demands on the qualitative and
quantitative composition of the diet, mass-volume characteristics of its constituent products and packaging
[3-7].
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The pioneers in the preparation and organization of food for astronauts were enthusiasts and
coryphaeis in the field of food technology Frumkin M.L., Efimov V.P., Kudrova R.V. and others. They
brought to the solution of this problem branch scientific research institutes, including the All-Union (now
All-Russian) Research Institute of the Dairy Industry (VNIMI). In the late 60-ies in VNIMI under the
guidance of Doctor of Technical Sciences, Professor Radaeva I.A. began to develop technology for special
purpose products. Further research in this direction was done by Rossikhina G.A., Usacheva V.A.,
Dobriyan E.I., Volkova L.G., Guskova L.D., Filchakova S.A., Blinova T.E., Sokolova T.V. etc. The works
were carried out in complex with the Institute of Medical and Biological Problems, the Scientific Research
Institute of the Food-Concentrate Industry and Special Food Technology, and a number of other branches
and medical institutes. At VNIMI the special products shop was created, the scientific and production base
of which allowed not only to provide research with experimental workings, but also to produce products in
the required assortment and quantities. Development of technology for astronauts products is continuing
and at the present time, medical and biological requirements are being adjusted, the modern technological
ideas aimed at improving the quality while reducing the processing intensity are being expanded and
applied, and new packaging materials are being introduced [5-15].

Dairy products for special purposes can in principle be divided into two main groups: sterilized
(abiosis) and freeze-dried (xeroboanobiosis) [16, 17]. The features and advantages of these preservation
methods have long been known and widely used. They allow you to create products that retain their native
properties for a long time and, at the same time, are easy to prepare and use. Principal schemes of
technological processes are presented in figure.

( ) (
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Preparation of Milk Formulation of Non-Dairy Ingredients
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Fermentation Treatment® Package
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Principal Schemes of Production of Freeze-Dried and Sterilized Special Purpose Products for Cosmonauts Nutrition (where:
' for sour-milk and curd products; > — for dairy drinks, porridges and soups; dotted line-possible technological solutions)

The group of sterilized dairy products includes: high-fat products (cream with coffee, cream with
cocoa, kaimak) and high-protein products (cottage cheese with raisins, cottage cheese ‘“Yablochko”,
cottage cheese with lemon, cottage cheese with cumin, cottage cheese with dill). Sterilized dairy products
have pasty, homogeneous consistency with taste and odor, characteristic of the introduced filler. Their
physicochemical parameters are presented in table 1.

Sterilized dairy products are high-calorific easily digestible products, which have a high biological
and energy value. These properties of products are due to their enrichment with high-grade milk proteins
and the presence of fatty and fat-like substances. Due to the high content of milk fat, which is a mixture of
lipids, creams can be referred to products, the need for which increases with nervous tension [18, 19].

Purposeful work on the creation of technologies for sterilized curd products and detailed studies of
amino acid and fatty acid and mineral composition allow to classify them to a group of products with
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Table 1 — Physico-Chemical Parameters of High-Fat and High-Protein Sterilized Dairy Products of Special Purpose

Product Indicator

Product Moisture | Fat Mass Protein Carbohydrates Mineral Energy
Mass Fraction, | Mass Fraction, | Mass Fraction, | Substances (Ash) Value,
Fraction, % % % % Mass Fraction, % | kcal/100g

- Sterilized High-Fat Dairy Products

Cream with Coffee 32.0 3.0 489
45.0 15.0

Cream with Cocoa 30.0 5.0 5.0 485

Kaimak 37.0 50.0 5.0 3.0 490

- Sterilized High-Protein Dairy Products

Cottage Cheese with Raisins

56.0 15.0 12.0 15.0 2.0 243
Cottage Cheese "Yablochko"
Cottage Cheese with Lemon 52.0 8.0 14.3 312
Cottage Cheese with Cumin 25.0 0.7

58.0 10.0 6.3 272

Cottage Cheese with Dill

preventive orientation. It is known that cottage cheese contains easily digestible protein, and in combi-
nation with fillers and additives, which in turn are additional sources of protein, vitamins, minerals, is a
product with preventive properties. Even early studies conducted in Institute of Biomedical Problems
(IBMP), found that when a person stays for a long time in conditions of weightlessness, one of the
problems is the washing out of the body of potassium, which is one of the necessary macroelements that
take part in metabolic processes in muscle and nerve tissues. For partial solution of this problem, curd
products enriched with this macroelement were created and intended for use in the period of stress and
emotional stress.

The shelf-life of sterilized dairy products is at least 12 months with unregulated room conditions and
at least 20 months at a temperature of 1 to 5 °C. They consume them without prior preparation.

Sublimated dairy products developed by the Institute (www.vnimi.org) can be divided into the
following subgroups: freeze-dried milk; dairy freeze-dried drinks (milk with sea buckthorn oil, milk with
tea, skimmed milk with tea, milk with coffee, milk with cocoa); fermented milk products of freeze drying
(acidophilic paste, acidophilus paste of increased fat content, yoghurt, sweet yogurt, fruit yoghurt, clabber
Mechnikovskaya, bifidin milky-apple); cottage cheese and curd pastes freeze-dried (cottage cheese
"Special”, fruit cottage cheese, curd pasta with dried apricots, cottage cheese pasta with cranberry, cottage
cheese pasta with black currant, cottage cheese pasta with nuts); porridge dairy freeze drying (manna
porridge, rice porridge); soup with vermicelli.

Sublimated dairy products are a powder consisting of particles of different shapes, scattered by light
mechanical action. The taste and smell of products is determined by their appearance and introduced
fillers.

Milk, milk porridge and milk soup with vermicelli freeze-dried were developed in order to expand the
range of products of increased nutritional value and long shelf life, as well as meet the desire of
cosmonauts to have hot diary products in the diet. Dried freeze-dried drinks can compensate for the deficit
of potassium and other macro-elements, as well as vitamin C, which occurs in cosmonauts. The physico-
chemical parameters of these products are presented in table 2.

Sour-milk products of freeze-drying due to their ability to normalize the microflora in the human
gastrointestinal tract are especially useful for prolonged feeding of cosmonauts with canned food.
Physicochemical parameters of freeze-dried fermented milk products are presented in table 3.
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Table 2 — Physicochemical Parameters of Freeze-Dried Milk, Dairy Drinks, Porreges and Special Purpose Soups

Product Indicator
Product Moisture Fat Mass | Protein Mass | Carbohydrates Mineral Energy
Mass Fraction, Fraction, Mass Fraction, | Substances (Ash) Value,
Fraction, % % % % Mass Fraction, % | kcal/100g
- Milk, Milk Porridges and Soup with Vermicelli of Freeze-Drying
Milk 25.8 26.0 38.2 6.0 489
Manna Porridge 28.0 13.0 50.0 5.0 504
Rice Porridge 0 23.0 10.0 59.0 4.0 483
Soup with Vermicelli 20.0 17.0 53.0 6.0 460
- Milk Drinks

Milk with Sea-Buckthorn Oil 25.0 22.0 43.0 6.0 485
Milk with Tea 18.0 55.8 42 457
Low-Fat Milk with Tea 4.0 --- 25.0 66.0 5.0 364
Milk with Coffee 18.0 20.0 533 4.7 455
Milk with Cocoa 20.0 19.0 51.5 5.5 462

Table 3 — Physicochemical Parameters of Dairy Lactic Freeze-Dried Products

Product Indicator

Product Moisture | Fat Mass | Protein Mass | Carbohydrates | Mineral Substances Energy
Mass Fraction, Fraction, Mass (Ash) Mass Fraction, Value,
Fraction, % % % Fraction, % % kcal/100g
Acido-Filo Paste 12.5 66.5 2.0 438
. . 15.0
Acido-Filo Paste of Increased 19.0 602 18 472
Fat Content
Yogurt 36.0 39.0 5.0 544
Sweet Yoghurt 4.0 275 16.0 48.0 45 503
Fruit Yoghurt 26.0 49.6 44 496
Clabber Mechnikovs-kaya 40.0 18.0 33.0 5.0 564
Bifidin Milky-Apple 17.5 17.0 57.0 43 454

Cottage cheese and cottage pastes of freeze drying have a high biological value [20]. Milk com-
ponents such as protein and calcium are present in it in much larger quantities than in milk, and therefore
they can be considered as milk concentrates. One portion of reconstituted cottage cheese (100-150 g)
allows you to meet half the daily requirement of the body in calcium, as well as in essential amino acids.
The introduction of cottage products of herbal supplements into the formulation promoted an increase
in nutritional value. The physicochemical parameters of the freeze-dried cottage products are given in
table 4.
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Table 4 — Physicochemical Parameters of Cottage Cheese and Cottage Pastes of Freeze-Drying

Product Indicator

Product Moisture | Fat Mass | Protein Mass | Carbohydrates | Mineral Substances Energy
Mass Fraction, Fraction, Mass Fraction, | (Ash) Mass Fraction, Value,
Fraction, % % % % % kcal/100g
Cottage Cheese "Special” 30.0 50.0 12.5 35 520
Cottage Cheese Fruit 17.0 32.0 45.0 2.0 461
Cottage Cheese Paste with
Dried Apricots 28.0 50.7 2.3 450
i 4.0
Cottage Cheese Paste with 15.0 492 18
Cranberries
. N 452
Cottage Cheese Paste wit
Black Currant 30.0 493 1.7
Cottage Cheese Paste with 250 390 20 501

Nuts

Shelf life of freeze-dried dairy products is at least 15 months at a temperature of (25 + 1) °C and not
less than 24 months at a temperature of 1 to 5 °C. The sublimated dairy products are packaged in multi-
layer polymeric materials under vacuum. In food they are used after dissolution in water.

The intellectual component of technologies and ways of obtaining products for astronauts are
registered. The products were tested for the duration of storage and included in the diets of astronauts.
Qualitative indicators of dairy products are highly appreciated not only by Russian, but also by foreign
cosmonauts.
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'®MBFM «ByKinpeceiitik cyT eHepKacifi FRUIBIMU-3epTTey HHCTHTYTh», Mackey, Peceii,
*ByKinpeceiinik chlpa KaifHATY, aKOrOJIbCI3 KOHE IIAPATl OHEPKACIOi FHUTBIMU-3ePTTEY HHCTHTYTHI —
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3 «Bykinpeceiiik KOHCEpBilEY TEXHOIOTHACH FRUIBIME-3epTTeY HHCTUTYTh ODMBFM
B. M. I'op6aToB atbiHIarbl Grran ««A3BIK-TYIIK OHIMIEPiHIH QeaepaiablK FRUIBIMEI OpTalbFsDy PFA,
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* AsIMaTel TEXHOJIOTHSIIBIK YHHBEPCHUTETI, AnMatel, KazakcTan

APHAMBI MAKCATTAPFA APHAJIFAH CYT OHIMJIEPIHIH
FBIJIBIMU-TOXKIPUBEJIK IIOTEHIUAJIBI

Annoranusi. Kenteren xbuimap Ooiibl Bykinpeceiinik cyT OHAIPICIHIH FbUIBIMU-3€PTTEY HHCTHTYTHI
(BC¥T3U) apHaiibl MaKcaTTarbl CYT OHIMIIEPIH OHIIPyMEH, COHBIH ilIiHE OPOUTAIBIK CTAHIMSIIAP/IbIH KOHE FapbILI
KEMECIHIH SKHITaXAaphl YIIIH OOPTTHIK ac-Ma3ipiHiH TEXHOJIOTUsUIApBIH d3ipien kenei. JKymbicTap MeIUIMHAIIBIK-
OMOJIOTHAIIBIK MOCeJIeJiep NHCTUTYTHIMEH, a3bIK-TYJIIK ©H/AIpici KOHIEHTPATHIHBIH JKOHE apHalbl a3bIK-TYJIK TEXHO-
JIOTHACH! FBUIBIMU-3€PTTEY MHCTHTYTBIMEH, COHJIal-aK Oipkarap 0acka cajlaJIbIK JKOHE MEAUIMHAIBIK MHCTHUTYT-
tapMmeH Oipnecin xyprizingl. BC¥F3U-na apHaiisl eHiMIep 1eXbl KYPbUIIBI, OHBIH FBUIBIMH-OHJIPICTIK 06a3achl TEK
IKCIIEPUMEHTAIIBIK 3ePTTEYJIePMEH KaMTaMachl3 eTyre FaHa eMec, Tajlall eTUICTIH aCCOPTUMEHTTE JKOHE MeJlepie
OHIM/II IIBIFapyFa MYMKiHAIK Oepzi. Fapreimkepiepre apHanFaH eHIMAEPAIH TEXHOIOTHIIAPBIH IaMBITY JKaJFacyaa
JKEHE Kasipri yakbITTa MEAMLMHAJIBIK KEHEe OHMOJIOTHSUIBIK TAJANTap PEeTTeNy/e, OHIeY CalachlH XKaKcapTyFa, jKaHa
opaM MaTepHalapblH CHIi3yre )KoHe Tarbl 0acKa calaHbl XKaKcapTyFa OarbITTalFaH KOJIAaHOANb! meliM Taly yIiiH
3aMaHayH TeXHOJIOTHIBIK-CHIHBICTAp KeHEHTLTyae.

Tyitinai cesnep: rapblii, TaFram, CyT OHIMEPI, TEXHOJIOTUsUIAP, CyONIuManus, CTepuiey.
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4 AJIMATHHCKHIT TEXHOIOTUYECKUI yHHBepcHUTeT, Anmatel, Kazaxcran

HAYUYHO-IIPAKTUYECKHUI MOTEHIIUAJT
MOJIOYHBIX MPOAYKTOB CIIEHUAJIBHOI'O HASHAUYEHUSA

AnHoTauusa. Ha nporspkennn muHormx jer BHUMM monounoit mpomsinuienHoctn (BHUMMUM) 3anmmaertcs
pa3pabOTKOM TEXHOJIOIUI MOJIOYHBIX MPOAYKTOB CIEIHA3HAYEHHS, B TOM YHCIE U A1 OOPTOBBIX PAllMOHOB 3KHIIA-
XKel KOCMUYECKHX Kopaliel U opOuTanbHBIX cTaHLuil. PaGoThl NpOBOAMIIMCH KOMIUIEKCHO ¢ MIHCTHTYTOM MeIUKO-
Ouosornyeckux npobiiem, HayuHo-HMcClie0BaTeIbCKMM HHCTHTYTOM IHIIEKOHLUEHTPATHOM MPOMBIIUIEHHOCTH
CHeLUaNbHOW MUINEBOM TEXHOJIOTMH W ILEJBIM PSJIOM APYTMX OTPACIEBBIX M MEIULMHCKUX WMHCTUTYTOB. [Ipm
BHHWMMU 6bu1 co3paH Lex CrenipomayKToB, HayYHO-ITPOM3BOACTBEHHAsI 6a3a KOTOPOTO I03BOJIsIa HE TOJIBKO obec-
MIeYNBATh HMCCIICTOBAHUS IKCIIEPUMEHTAIBHBIMHA BBIPAOOTKAMH, HO M OCYLIECTBIJISITH BBITYCK NPOJYKLUUH B He-
00X0ITMMOM aCCOPTHMEHTE M KoJmuecTBax. Pa3paboTKy TEXHOIOTHI MPOIYKTOB /1l KOCMOHABTOB IIPOJIOJKAIOTCS U
B HACTOSIIEE BPEMs, KOPPEKTUPYIOTCSI MEIMKO-OHOIOTHYECKHE TPeOOBaHMS, PACIIUPSIOTCS U HAXOIAT IPUKIJIATHOE
pelIeHne COBPEMEHHBIE TIPECTABICHHS TEXHOJIOIHYECKOTO XapaKTepa, HallpaBICHHbIE Ha TIOBBIIICHHE Ka4eCTBa IIPH
OJHOBPEMEHHOM CHW)KCHUH HHTCHCHBHOCTH 00paOOTKH, BHEAPSIFOTCSI HOBBIE YIIAKOBOUHBIE MaTEpHAIIbI U IIpOUEe.

K mpoxykram mpeabsBisitoTca 0coOble TPEOOBAHUS: OHM JOJDKHBI OBITh BKYCHBIMH, BBICOKOITUTATEIbHBIMHU,
XOpo1Io cOaTaHCUPOBAaHHBIMHU MO MAaKpO- ¥ MHUKPOHYTPEHTHOMY COCTaBy, 001afaTh ONpENeIeHHBIMH MPO(UIAKTH-
YECKUMH CBOMCTBaMH, ObITh HECJIIO)KHBIMH B IIPUTOTOBJIEHHH U YINOTPEOJICHUH, UMETh MOBBIILICHHYIO XpaHUMOYC-
TOWYMBOCTH U Jp. DTa IpyNIa NpOJYKTOB MO MpaBy CUUTAETCS Hanbosee HayKOEMKOI B YacTH TEXHOJOTMYECKUX
HOBIUIECTB U PELLEHUM.

[IpoxyKThl cnenHa3Ha4eHHs Ha MOJIOYHOW OCHOBE INPHHIMITMAIBHO MOKHO Pa3AeiIuTh Ha JIBE OCHOBHBIC
TpYMIBI: CTepIIN30BaHHbIe (a0103) U CyOIMMupoBaHHbIe (KcepoaHadro3). Ha ceroHsIHuii 1eHs Co3/1aHbl 1ECSITKA
TEXHOJIOTHI B 00€HX TpyMIlax — 3TO MU MOJIOKO, MOJIOYHBIE HAIUTKH, CYTIbl, Kallll, KNUCJIOMOJIOYHBIE TIPOIYKTHI, TBO-
por u mpouee. I[IpomgyKThl NpONUTH HCHBITAHUS HA JUIMTEIBHOCTh XPAHEHHS W BKIIOUEHBI B PALMOHBI MUTAHMSA
KOCMOHABTOB. YacTh IPOAYKTOB IpoONIIa anpodanuio B paMKax padoT OpONTAIbHBIX CTAHIMHA M KOCMUYECKUX KO-
pabieil, B TOM 4mciIe MEXIyHapoIHbIX. KadecTBEeHHBIE MMOKa3aTeN MOJOYHBIX NPOIYKTOB BBICOKO OICHEHBI HE
TOJIBKO POCCHMCKUMH, HO U 3apYOEKHBIMU KOCMOHABTaMH.

KarodeBble c10Ba: KOCMOC, IMTAHUE, MOJIOYHBIE IPOLYKTHI, TEXHOIOTHH, CYOIMManus, CTCPUIN3aLHsL.
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