ISSN 2518-1491 (Online),
ISSN 2224-5286 (Print)

KA3AKCTAH PECITYBJIMKACBHI
YJTTBIK FBUJIBIM AKAJJEMUACBIHBIH

XABAPIIAPDI

N3BECTUASA NEWS

HALIMOHAJIBHOM AKAJIEMUU HAVK OF THE ACADEMY OF SCIENCES
PECITYBJIMKU KA3AXCTAH OF THE REPUBLIC OF KAZAKHSTAN

XUMMUSA KIOHE TEXHOJIOI'UA
CEPUSCHI

¢

CEPUA

XUMHUHU U TEXHOJIOI'NA

¢

SERIES

CHEMISTRY AND TECHNOLOGY

3 (423)

MAMBIP - MAYCBIM 2017 K.
MAM — MIOHbB 2017 r.
MAY - JUNE 2017

1947 XKbUTJIBIH KAHTAP AVIBIHAH IIBIFA BACTAFAH
U3JJAETCSA C SIHBAPA 1947 TOA
PUBLISHED SINCE JANUARY 1947

XKBbUIBIHA 6 PET IIbIFAZIbI
BBIXOIUT 6 PA3 BT'O/]
PUBLISHED 6 TIMES A YEAR

AJIMATBI, KP ¥FA
AJIMATBI, HAH PK
ALMATY, NAS RK



Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

bac peagakTopsl
X.F.I., ipod., KP ¥FA akagemuri M.JK. Kypbinos

Pemakxunusg ankachsl:

ArabexoB B.E. npod., akagemuk (benopyc)

Boaxkos C.B. mpod., akanemuk (YkpanHa)
Bopoteinues M.A. ipod., akamemuk (Peceit)
I'azanueB A.M. po¢., akanemuk (Kazakcran)
Epro:xun E.E. npod., akanemuk (Kazakcran)
KapmarambetroBa A.K. npod. (Kazakcran), 6ac pea. opsiaOacapbl
Kopoodexona LK. npod., akagemuk (KpiprpicTan)
Hrkynosa HI.C. npod. (Kazakcran)

ManTtamsia A.A. ipod., akafgeMuk (ApMeHus)
Ipaaues K./. npod., akagemuk (Kazakcran)

Baemor A.B. nipod., kopp.-myieci (Kazakcran)
Bypkit6aeB M.M. npod., kopp.-mymreci (Kazakcran)
Jxkycunoexon Y. K. mpod. kopp.-mymreci (Kazakcran)
MoanaxmeroB M.3. ipod., kopp.-mymeci (Kazakcran)
Mamncypos 3.A. npod. (Kazakcran)

HayproizoaeB M.K. mpod. (Kazakcran)

Pyaux B. mpo.,akagemuk (Momnmosa)

Paxumos K./I. mpod. kopp.-mymeci (Kazakcran)
Crpeasnos E. mpod. (benopyc)

Tomimon JI.T. npod., kopp.-mymieci (KazakcTan)
Tonepam U. npod., akanemuk (Mosgopa)

Xamukos JI.X. npod., akagemuk (ToxikcTaH)
®ap3aaueB B. mpod., akagemuk (O3ipOaibkaH)

«KP ¥T'A Xaoapaapbl. XUMHS 5K9HE TEXHOJOTHS CEPUSACHD».

ISSN 2518-1491 (Online),

ISSN 2224-5286 (Print)

Menmrikrenymi: «Ka3zakctan PecryOnukachiHBIH YATTBIK FBUIBIM aKaIeMISICBD) PecmyOnuKanbK KOFaMIBIK
Gipuectiri (AnMaThl K.)

Kazakcran peciiyOnMKachbiHbIH MOoJIeHHET TeH akmnapar MHHHUCTPIINiHIH AKHapaT >XoHE MyparaT KOMMTETIHJE
30.04.2010 k. 6epinren Ne1089-K mep3imik OacbUIBIM TipKeyiHE KOWBUTY Typajibl Kyallik

Mep3iMIiTiri: )KeUIbIHA 6 pET.
Tupaxsr: 300 naHa.

Penakuusueig Mmekerxaiibl: 050010, AnMmartsl K., IlleBuenko keur., 28, 219 Gei., 220, ten.: 272-13-19, 272-13-18,
www:nauka-nanrk.kz / chemistry-technology .kz

© Kazakcran PecryOmukachiHbIH ¥ ATTHIK FRUIBIM akaneMusicbl, 2017

Tunorpadusubsly Mexerxkaiibl: «ApyHna» XK, Anmarsr k., Mypat6aesa keu., 75.



ISSN 2224-5286

Cepus xumuu u mexronoeuu. Ne 3. 2017

I'maBHBIY penakTop
I.X.H., mpod.,akanemuk HAH PK M. XK. )Kypunos

Pe,Z[aKLII/IOHHaH KOJIICTH A:

AradekoB B.E. mpod., akanemuk (benapycn)
Boaxkos C.B. mpod., akanemuk (YkpanHa)
Bopoteinues M.A. ipod., akamemuk (Poccus)
I'azanueB A.M. mpo¢., akanemuk (Kazaxcran)
Epro:xun E.E. npod., akanemuk (Kazaxcran)
KapmaramberoBa A.K. npod. (Kazaxcran), 3am. 1. pen.
Kopoo6ekona LI.2K. npod., akanemuk (Ksipreizcran)
Hrkynosa HI.C. npod. (Kazaxcran)

Manramsia A.A. ipod., akageMuk (ApMeHus)
Ipaaues K./. npod., akagemuk (Kazaxcran)
Baemor A.B. nipod., wi.-kopp. (Kazaxcran)
Bypkutr6aes M.M. nipod., wi.-kopp. (Kazaxcran)
Jxkycunoexon Y. K. mpod. wr.-kopp. (Kazaxcran)
MyanaxmeroB M.3. pod., @wi.-kopp. (Kazaxcran)
Mancypos 3.A. npod. (Kazaxcran)

HaypwoizoaeB M.K. mpod. (Kazaxcran)

Pyaux B. mpo¢.,akagemuk (Momnmosa)

Paxumos K./I. mpod. un.-kopp. (Kazaxcran)
Crpeasnos E. npod. (benapycs)

Tamumon JL.T. pod., wi.-kopp. (Kazaxcramn)
Tonepam U. npod., akanemuk (Mosgosa)
Xamukos JI.X. pod., akagemuk (TamKukucTan)
®ap3aaueB B. mpod., akagemuk (A3epOaiimkan)

«H3BecTust HAH PK. Cepusi XuMHH M TeXHOJIOTHH.

ISSN 2518-1491 (Online),
ISSN 2224-5286 (Print)

CoOctBennuk: PecrnyOnnkaHckoe oOuiecTBeHHoe oObenuHenue «HanuonanbHas akajgeMusi Hayk PecryOnuku

Kazaxcran» (r. Anmarsr)

CBHUETENBCTBO O IIOCTAHOBKE Ha y4eT IMEepPHOJMYECKOro NeyaTHoro n3faanus B Komurere nHpopMamy 1 apXuBoB
MunucrepcTBa KyabTypsl ¥ HHGopmanun Pecrryoiuku Kazaxcran Ne10893-7K, soinannoe 30.04.2010 r.

IepronuuHocTh: 6 pa3 B rox
Tupax: 300 sx3eMIIApoB

Anpec pepaxkiun: 050010, r. Anmatsl, yi. [lleBuenko, 28, kom. 219, 220, ten. 272-13-19, 272-13-18,

http://nauka-nanrk.kz / chemistry-technology.kz

© HanmonanpHas akagemus Hayk PecrryOmmku Kazaxcran, 2017

AJlpec peaxkiuu: 050100, r. Anmartsl, ya. Kynaesa, 142,
WNHcTuTyT oprannyeckoro karanusa u anekrpoxumuu um. J. B. Cokoibckoro,
kab. 310, Ten. 291-62-80, paxc 291-57-22, e-mail:orgcat@nursat.kz

Anpec tunorpadun: UI1 «ApyHay, r. Anmartsl, yia. Mypatbaesa, 75




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

Editorinchief
doctor of chemistry, professor, academician of NAS RK M.Zh. Zhurinov

Editorial board:

Agabekov V.Ye. prof., academician (Belarus)

Volkov S.V. prof., academician (Ukraine)

Vorotyntsev M.A. prof., academician (Russia)
Gazaliyev A.M. prof., academician (Kazakhstan)
Yergozhin Ye.Ye. prof., academician (Kazakhstan)
Zharmagambetova A.K. prof. (Kazakhstan), deputy editor in chief
Zhorobekova Sh.Zh. prof., academician ( Kyrgyzstan)
Itkulova Sh.S. prof. (Kazakhstan)

Mantashyan A.A. prof., academician (Armenia)
Praliyev K.D. prof., academician (Kazakhstan)
Bayeshov A.B. prof., corr. member (Kazakhstan)
Burkitbayev M.M. prof., corr. member (Kazakhstan)
Dzhusipbekov U.Zh. prof., corr. member (Kazakhstan)
Muldakhmetov M.Z. prof., corr. member (Kazakhstan)
Mansurov Z.A. prof. (Kazakhstan)

Nauryzbayev M.K. prof. (Kazakhstan)

Rudik V. prof., academician (Moldova)

Rakhimov K.D. prof., corr. member (Kazakhstan)
Streltsov Ye. prof. (Belarus)

Tashimov L.T. prof., corr. member (Kazakhstan)
Toderash 1. prof., academician (Moldova)

Khalikov D.Kh. prof., academician (Tadjikistan)
Farzaliyev V. prof., academician (Azerbaijan)

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of chemistry and technology.
ISSN 2518-1491 (Online),

ISSN 2224-5286 (Print)

Owner: RPA "National Academy of Sciences of the Republic of Kazakhstan" (Almaty)

The certificate of registration of a periodic printed publication in the Committee of Information and Archives of
the Ministry of Culture and Information of the Republic of Kazakhstan N 10893-K, issued 30.04.2010

Periodicity: 6 times a year
Circulation: 300 copies

Editorial address: 28, Shevchenko str., of. 219, 220, Almaty, 050010, tel. 272-13-19, 272-13-18,
http://nauka-nanrk.kz / chemistry-technology.kz

© National Academy of Sciences of the Republic of Kazakhstan, 2017

Editorial address: Institute of Organic Catalysis and Electrochemistry named after D. V. Sokolsky
142, Kunayev str., of. 310, Almaty, 050100, tel. 291-62-80, fax 291-57-22,
e-mail: orgcat@nursat.kz

Address of printing house: ST "Aruna", 75, Muratbayev str, Almaty




ISSN 2224-5286 Cepus xumuu u mexnonozuu. Ne 3. 2017

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES CHEMISTRY AND TECHNOLOGY
ISSN 2224-5286
Volume 3, Number 423 (2017), 13 —20

R.S. Alibekov', M. Sikorski’, K.A. Urazbayeva', E.A. Gabrilyants'

'Department of Food Engineering, M. Auezov’ South Kazakhstan State University, Shymkent, Kazakhstan
*Faculty of Chemistry, A. Mickiewicz University, Poznan, Poland

PHYSICO-CHEMICAL STUDY OF MACRO - AND MICROELEMENT
COMPOSITION OF THE ENRICHED MACARONI PRODUCTS

Abstract. The results of organoleptic and physico-chemical studies of enriched macaroni products are
presented. As dietary supplements powder of carrot and holy thistle (Silybum) is offered that are sources of
antioxidants, flavonoids and various vitamins. By using the Raster Electronic Microscope (REM) and Inductively
Coupled Plasma Mass Spectrometry (ICP-MS) devices, the macro- and microelement composition of the obtained
samples were investigated. The significantly increasing in the mass fraction of the main micronutrients, such as
macroelements: Na, Mg, P, K; and microelements: Fe, Al, Si, Cl were found. Additional enrichment is carried out by
phenolic compounds of holy thistle (Silybum) of flavonoid class in the form of flavolignans (silybin, isosilibine,
silidianin, silicristin, isosilicristin et al) that have hepatoprotective and antioxidant properties. Also improvement by
carotenoid-carotenes, flavonoids and various vitamins in carrots are provided. The obtained study results testify that
the enriched macaroni products with carrots and holy thistle (Silybum) powder additives can quite correspond to the
functional food stuffs with biologically active properties.

Key words: antioxidants, carrot, dietary supplements, flavonoids, holy thistle (Silybum), micronutrients, pasta.

Introduction

Macaroni products have several advantages over the most common food products. At the storing
pasta without stale food, like bread, and less hygroscopic in comparison with breadcrumbs, it is well
transported and stored (up to a year and more) without deterioration of taste and food properties.
Macaroni products in terms of nutritional value are superior to a wheat bread, as they are made from
wheat flour with the maximum content of protein substances. They contain 9-13% of proteins, 75-79
assimilable carbohydrates, 0.9 fats, 0.6% of minerals and vitamins B1, B2, PP, etc. The calorie content of
pasta is 360 kcal per 100 g. The digestibility of their by human body is a higher then digestibility of
cereals. Proteins of macaroni products are digested by 85%, carbohydrates by 98% and fats by 95%. Of
these, it can be quickly prepared a dish, since the duration of their cooking is 5 - 15 minutes [3, 14].

Considering that macaroni products are popular and consumes in large quantities, an effective way in
the improving of a quality and the increasing of a nutritional value provide prevention of various illness
by dietary vitamin supplements. Depending on the type of added raw material, possibilities in the
prevention of specific diseases perform [16].

Greater consumer demand for nutritious extruded food products with enhanced bioactive
compounds has shifted research focus towards incorporation of bioactive rich ingredients
with traditionally extruded starch materials [2].

As known that among the genotoxic and carcinogenic substances, the most part is made up of
aromatic amines that are widely used in the aniline, rubber and rubber industries, as well as in the
production of plastics. For the aromatic amines are applied aminobiphenyls that after metabolic activation
in the body cause the formation of tumors and are called carcinogens of indirect action. Most procancers
are hydrophobic, and their excretion from the human body reduces to the formation of hydrophilic
metabolites. The main reactions of biotransformation of aminobiphenyls are their oxidation processes
involving peroxidases and monooxygenases [4].

Antioxidants are compounds that can delay or inhibit the oxidation of lipids or other molecules by
inhibiting the initiation or propagation of oxidizing chain reactions [20].




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

In general, there are two basic categories of antioxidants, natural and synthetic. Recently, interest has
increased considerably in finding naturally occurring antioxidants for use in foods or medicinal materials
to replace synthetic antioxidants, which are being restricted due to their carcinogenicity [5].

Substances capable for the binding of free radicals of oxidized aminobiphenyls act as genoprotectors.
This antimutagenic effect is specific for many phenolic compounds of plant origin. It seems expedient to
investigate the possibility of the manifestation of the genoprotective properties of silymarin and individual
flavolignans consisted in this substance [13].

Unique hepatoprotective and antioxidant properties have preparations based on holy thistle (Silybum)
are associated with a high content of a rare class of phenolic compounds - flavolignanes (silybin,
isosilibin, lihydrosilibin, silidainin, silicristin, isosilicristin, silimonin, siland, etc.) [7].

Silymarin, a mixture of flavanoid complexes, is the active component that protects liver and kidney
cells from toxic effects of drugs, including chemotherapy [10].

Silymarin and silybin used so far mostly as hepatoprotectants were shown to have other interesting
activities as e.g., anticancer and canceroprotective. These activities were demonstrated in a large variety
of illnesses of different organs as e.g., prostate, lungs, CNS, kidneys, pancreas and others [7]. Moreover,
various herbs along with vegetables and fruits contain numerous phytochemicals in addition to phenolic
compounds, such as nitrogen compounds, carotenoids, and ascorbic acid [19].

The composition of carrots contains carotenoids-carotene, phytoene, phytofluene and lycopene;
Vitamins B, B2, pantothenic acid, ascorbic acid; flavonoids, anthocyanidins, sugars (3-15%), fatty and in
a small amount essential oil, umbelliferone; in the seeds - essential oil, flavone compounds and fatty oil in
the colors of the content of anthocyanins and flavonoids (quercetin, kempepherol) [15].

The antioxidant activity of different vegetables was evaluated by using a widely accepted model
system containing b-carotene and linoleic acid [6]. Carotenoids are not particularly good quenchers of
peroxyl radicals relative to phenolics and other antioxidants but are exceptional in quenching singlet
oxygen, at which most other phenolics and antioxidants are relatively ineffective [11].

Carrot is one of the important root vegetables rich in bioactive compounds like carotenoids and
dietary fibers with appreciable levels of several other functional components having significant health-
promoting properties. The consumption of carrot and its products is increasing steadily due to its
recognition as an important source of natural antioxidants having anticancer activity [12].

Mineral substances play an important role in the human body. They are contained in protoplasm and
biological processes; provide constant osmotic pressure that is a necessary condition for the normal vital
activity of cells and tissues. Microelements are considered vital if they are deficient or disturbed by the
external normal vital activity of the organism [1].

It should be noted that the development of scientific principles for the designing of the composition
and improving the technology of multicomponent products by using of non-traditional types of raw
materials is one of the actual problems with scientific and practical values.

Due to the above mentioned data, the purpose of the present work was the organoleptic and
physicochemical studies of the enriched macaroni products by dietary supplements, such as carrot powder
and holy thistle (Silybum) [18].

Materials and methods

As objects of study there were selected - wheat flour of the highest grade GOST 52189-2003 Wheat
flour. General specifications [21]. Also functional vegetable additives: red carrot and holy thistle
(Silybum).

Quality indicators were determined in accordance with GOST 51865-2002. Macaroni products.
General specifications [22]. Important indicators of the quality of macaroni products were: organoleptic
(color, shape, taste and smell) and physicochemical parameters (moisture, acidity, ash, mass fraction of
ash, dry matter and safety of the welded products shape).

The content of minerals in the pasta was determined by using the Raster Electronic Microscope
(REM) and Inductively Coupled Plasma Mass Spectrometry (ICP-MS) devices. The inductively coupled
plasma mass spectrometry (ISP-MS) method makes it possible to determine a number of metals and
several non-metals in concentrations up to 107%%, i.e. one particle of 10'?, with an atomic mass of 7 to

—— |4 ——
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250, that is, from Li to U. It is able to determine the content of nanograms per liter to 10-100 mg per liter.
The method is based on the use of inductively-connected plasma as a source of ions and a mass
spectrometer for their separation and detection in an argon gas medium. Unlike atomic absorption
spectroscopy that determines only one element at a time, the ISP-MS device can to determine all the
elements simultaneously that makes it possible to significantly accelerate the measurement process [9].

The Raster Electronic Microscope (REM) makes it possible to observe fine features using a micro-
analyzer of the chemical composition, and details of the structure of microobjects at the atomic-molecular
level. It also allows to obtain images of the surface of an object with a high spatial resolution (up to 0.4
nanometers), as well as information on the composition, structure and some other properties of the near-
surface layers. The SEM has a large depth of focus, which allows one to observe a three-dimensional
image of the structure with the possibility of its quantitative evaluation [17].

Preparation of ash samples for the analysis of the chemical composition was carried out in
accordance with GOST 26929-94 [23]. The method of dry mineralization is based on the complete
decomposition of organic substances by burning the sample in an electric furnace at a controlled
temperature regime of 450-500 °C.

Results and discussion

Table 1 and Figures 1-4 show the ash chemical composition of macaroni product with additives
obtained by the REM.

1] 2 4 5 g 10 12
MNonHaa wrana S556 wan. Kypcop: 0.000 k3B

AABKTHOMIAR W30 o 1

Figure 1 - Sample 1; Macaroni product without any additives

MonHas wkana 6320 wmn. Kypcop: 0.000

Figure 2. Sample 2; Macaroni products with carrot additives (5%) and holy thistle (Silybum) (5%)
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Figure 3. Sample number 3; Macaroni product with carrot additives (7%) and holy thistle (Silybum) (5%)
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HNEKTHONHOS MEOBRANEHIE 1

MonHaa wkana 9658 Waan. Kypcop: 0.000

Figure 4. Sample Ne 4; Macaroni product with carrot additives (7%) and holy thistle (Silybum) (7%)

Table 1 - The chemical composition of macaroni product ashes with various additives studied by REM

Elements Nel (initial), % Ne2 (545), % Ne3 (745), % Ne4 (7+7), %
0 40,24 42,42 42,50 41,58
Na 0,29 2,69 2,02 1,93
Mg 3,93 4,41 4,66 4,43
Al - 0,21 0,26 0,23
Si 0,45 0,70 1,11 0,84
P 21,31 13,96 12,06 11,86
S - 2,51 2,81 3,16
Cl - 0,97 1,44 2,77
K 28,58 24,54 23,79 24,00
Ca 4,94 7,25 9,07 8,83
Fe 0,26 0,31 0,26 0,32

For the comparative analysis, the sample 3 was chosen: macaroni product with carrot (7%) and holy
thistle (Silybum) (5%) additives that by the organoleptic and physico-chemical properties, better meets the

requirements of GOST.

Table 2 - Comparative analysis of macaroni product with various additives

Elements Macaroni product , % Macaroni product with carrot additives Increase in
(7%) and holy thistle (Silybum) (5%) content,%
Macroelements Na 0,29 2,02 697 %
Mg 3,93 4,66 119 %
P 21,31 12,06 -43 %
K 28,58 23,79 -17%
Ca 4,94 9,07 183 %
Microelements
Fe 0,26 0,26 0%
Al - 0,26 26 %
Si 0,45 1,11 247 %
Cl - 1,44 144 %

— 16 ——
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Investigation of microstructure in the form of macaroni product with various contents of carrot and
holy thistle (Silybum) powder additives was carried out at a total moisture content of 13% for all samples
(Figures 5-8).

20kvV X250 100um _ 10 60 30Pa

Figure 5 - Initial macaroni without additive

Figure 5 shows the microstructure of the dried initial macaroni product that has a loose structure with
scattered flour grains and starch grains.

- 20kV X250, .0 100um B S 0L 60 30Pa
Figure 6 - Macaroni product with carrot (5%) and holy thistle (Silybum) (5%) additives

20KV~ X250 - 100pm : 10 60 30Pa

Figure 7 - Macaroni product with carrot additives (7%) and holy thistle (Silybum) (5%)
— |7 ——
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X250 - 100pm

20KV

10 60 30Pa

Figure 8 - Macaroni product with carrot (7%) and holy thistle (Silybum) (7%) additives

As well as the sample 3: Macaroni product with carrot (7%) and holy thistle (Silybum) (5%) additives
was investigated for the organoleptic and physicochemical properties according to GOST 51865-2010.

Table 3 - Organoleptic characteristics of a new macaroni product

Ne Name of the According to the requirements of GOST 51865- Macaroni product with carrot (7%) and holy
indicator 2010 thistle (Silybum) (5%) additives

1 | Color Suitable for flour. Light orange, carrot

The color of the product using additional raw

materials varies depending on the type of this

raw material.
2 | Forms Corresponding to the type of products Corrugated, long
3 | Taste Proper to this product, without foreign taste Weak flavor of the vegetable additive
4 | Smell Characteristic of this product, without foreign | The faint smell of the vegetable additive

smell

Table 4 - Physico-chemical indicators of new macaroni product
Indicators According to the requirements of GOST | Macaroni product with carrot (7%) and
51865-2010 holy thistle (Silybum) (5%) additives

Humidity,%, not more than 13 12
Acidity, T, not more than 4 3,9
Ash insoluble in 10% HCI solution,%, 0,2 0,2
not more than
Mass fraction of ash in terms of dry 1,4 1,5
matter,%, not more than
Dry substance converted to cooking 6,0 6,0
water,%, not more than
Preservation of the form of boiled 100 100
products,%, not less than

Analysis of the obtained data shows that the addition of carrot (5%) and holy thistle (Silybum) (5%)
powders gives for the macaroni product a fibrous-straw and loose structure (Fig. 6).

With the addition of carrots (7%) and holy thistle (Silybum) (7%), the structure of the dried pasta
became uneven, due to the high content of additive powders that affects the quality of the dried pasta (Fig.
8). Therefore, the properties of macaroni product deteriorate, it becomes more elastic and firm that does
not meet the requirements of macaroni semi-finished products.

However, a decrease in the amount of milk powder added from 7% to 5% (Fig. 7) gives the pasta a
more homogeneous structure, but with individual sections of small discontinuities, apparently from the

—— |8 ——
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influence of carrot dietary fibers. The structure of the dried pasta dough became dense, the carrot fiber
binding fibers are visible [18].

The resulting stitched structure positively affects the quality of macaroni product and the process of
heat treatment. The time of cooking is reduced from 8 minutes to 5 minutes. The process of cooking
increases in 2 times for the total volume, but it does not boil and keep the form that is an important
indicator of good quality for ready-made macaroni product.

Conclusion

The organoleptic and physicochemical studies show that the developed composition of a new
macaroni product with dried carrot and holy thistle (Silybum) powder additives meet to the GOST
requirements. Also by using the Raster Electronic Microscope (REM) and Inductively Coupled Plasma
Mass Spectrometry (ICP-MS) devices, the macro- and microelement composition of the obtained samples
were investigated. As a result of the addition of carrots and holy thistle (Silybum) the significantly
increasing in the mass fraction of the main micronutrients, such as macroelements: Na, Mg, P, K; and
microelements: Fe, Al, Si, Cl were found. Additional enrichment is carried out by phenolic compounds of
holy thistle (Silybum) of flavonoid class in the form of flavolignans (silybin, isosilibine, silidianin,
silicristin, isosilicristin et al) that have hepatoprotective and antioxidant properties. Also improvement by
carotenoid-carotenes, flavonoids and various vitamins in carrots are provided. The obtained study results
testify that the enriched macaroni products with carrots and holy thistle (Silybum) powder additives can
quite correspond to the functional food stuffs with biologically active properties.
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P.C. Ann6exos', M. Cuxopckuii’, K.A. Ypa3s6aea', 3.A. Ma6puibsnn’

'M.Oyes08 areiaarsl Orryctik Kasakcran Memyekertik yuusepeurerti, IbiMkenT K., Kasakcran;
2A. MunkeBnd yHuBepcuTeTi, [1o3HaHb K., [lonpma

BAWBITBLIIATBIH MAKAPOH OHIMIEPIHIH MAKPO
KOHE MUKPOJJIEMEHTTIK KYPAMBIH ®U3UKA-XUMUAJBIK 3EPTTEY

AHHOTanusi. BailbIThUIFAaH MaKapoOH OHIMJEPIHIH OpPraHOJENTHKAIBIK JKOHE (DU3UKAIBIK-XUMHSUIBIK 3epTTEY
HOTIOKeNepi Kearipiiren. TaraMm Kocmajgapsl PETiHAE aHTHOKCHIAHTTAP, (PIIABOHOMATED JKOHE SPTYPJIi BUTAMHHICD
Ke31 OoubIn TaObLIAThIH €co0i3 YHTarbl koHe anarikeH (Silybum) ycbiHBUIAABL. AJBIHFaH YITUIEPAIH Makpo >KoHE
MHUKPOJIEMEHTTEP KYPaMblH PacTpJbIK DJIEKTPOHIBIK MHUKpockon (POM) jkoHe WMHAYKTHBTI IIa3MalblK Macc-
cnekrpomerpusinbl (ICP-MS) naiinanany apkpuibl 3eprrenai. HoTwkeciHne Herisri MUKPOHYTPHUEHTTEp OOJIbII
TalOblIaThiH, MakpodseMentTep: Na, Mg, P, K; xone muxposnementrep: Fe, Al, Si, Cl maccansik yneci enayip
wrrasael. KocsiMia 6aiibITy remaTonpoTeKTOPIIBIK KOHE aHTHOKCHIAHTTHIK KacueTTepre ue anarikeHHiH (Silybum)
(eHONBABI OaliaHBICBIMEH JKY3€re achIpbUIaibl, (DIABOHOM] KIIACCHIHBIH (UIAaBOJIMIHAH TypiHae (cwimOuH,
W303WINOWH, CHJINAWAHWH, CHIUKPHUCTHH, W30CHIMKPUCTHH XoHE T. 0.). CoHpmaii-ak, co0i3miH KypaMBIHIAFbI
KapOTHHOUITAPMEH, KAPOTUHMEH, (DIIABOHOUATAPMEH JKOHE TYPIIi JOPYMEHICPMEH KaKCapTy KO3JCIreH. AJIbIHFaH
3epTTey HoTHKenepi, anatiken (Silybum) jxoHe co0i3 KocnachkiMeH OalbIThIIIFAH MaKapoH ©HIMJIepi, OHOIOTHsIIBIK
Oesnceni kKacueTtepre ue GYHKIHMOHAIIBIK a3bIK-TYJIIKKE COMKEC Kelyl MYMKIH/AITH A9Me e .

Tyiiin ce3mep: aHTHOKCHIAHTTAap, co0i3, TaramIblK Kocnanap, (aBoHouarap, anarikeH (Silybum),
MHUKPO3JIEMEHTTEP, MaKapoOH OHIM/IEPI.

P.C. Anubexos', M. Cuxopckuii’, K.A. Ypas6aesa', 3.A. Fa6puabsann’

'kadenpa «ITuiesas mmwkenepus», K0xno-KazaxcraHckuit
l'ocynapctBennslii YauBepcureT uM. M. Aya3osa, [lIsimkent, Kazaxcran;
2(ba1<yaneT Xumuu, YHUBepcuteT uM. A. Murkesnya, [Toznansb, [Tonbira

POU3NKO-XUMHNYECKOE HCCJIEJOBAHUE MAKPO-
N MUKPOS3JIEMEHTHOI'O COCTABA OBOI'AIIEHHBIX MAKAPOHHBIX TPOAYKTOB

Annotanus. [IpruBeneHs! pe3ysbTaThl OPraHOJIEITHYECKUX U (PU3UKO-XUMHUYECKUX HCCIICIOBaHUHI 0o0OTrarieH-
HBIX MaKapOHHBIX M3JeNuidl. B kadecTBe NUIIEBBIX 100aBOK IpeyIaraeTcs IMOPOLIOK MOPKOBH M PacTOPOIIIH
(Silybum), koTOpEIE SBIAIOTCSA UCTOYHUKAMH aHTHOKCUIAHTOB, (DIABOHOUAOB U PA3IMYHBIX BUTAMHHOB. C UCTIONb-
30BaHHEM PAcTPOBOIO AEKTPOHHOTro MuKpockona (REM) u Macc-crieKTpoMeTprn ¢ HHIYKTHBHO-CBS3aHHOM I11a3-
moit (ICP-MS) ObT HcclemoBaH COCTaB MakKpO- W MHKpPODJIEMEHTOB IIONYYSHHBIX 0Opa3lmoB. B pesymerare
3HAUUTENILHO YBEINYMBACTCS MAaccOBasi 1011 OCHOBHBIX MHUKPOHYTPHEHTOB, TAKMX Kak MakpoajeMeHThl: Na, Mg, P,
K; u muxpoanementsr: Fe, Al, Si, Cl. [lomomHuTeI5HOE 000OTaIEHHE OCYIIECTBIIAETCS (PEHOTBHBIMU COEAUHEHISIMA
pacroponmu (Silybum) kiacca ¢aBonounoB B Qopme (hrraBonurHaHoB (CHIMOWH, W303WIMOMH, CHIIMAMAHMH,
CUJIMKPUCTUH, H3O0CUIIUKPUCTUH U Hp.), KOTOpPbIC O6J'Ia,[[a}0T TeNnaTonpoOTCKTOPHBIMU W aHTHOKCHUJAHTHBIMH
cBoiicTBamu. Taxke MPeayCMOTPEHO YIIYyYIICHHE KapOTHHOMIAMH-KapOTHHAMH, (DJIaBOHOMIAMH M Pa3IMYHBIMU
BUTaMHUHAaMH MOpPKOBH. IloyrydeHHBIE pe3yJbTaThl HMCCIICIOBAHUS CBUAETENLCTBYIOT O TOM, YTO OOOTalleHHbIC
MaKapoHHbIE U3/1eJIns ¢ J0OaBKaMH MOPKOBH M pactopory (Silybum) BronHe MOTYT COOTBETCTBOBATH (YHKIIHO-
HaJIbHBIM NPOJYKTaM NUTaHHS C OMOJIOTMYECKH aKTUBHBIMU CBOMCTBaMH.

KiroueBble €j10Ba: aHTHOKCHIAHTHI, MOPKOBB, INHUIIEBHIE M0OaBKH, (IaBOHOWIBL, pactoporma (Silybum),
MHKPO3JIEMEHTBI, MAKapOHHBIC U3CIHSL.
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