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RESEARCH OF GROATS FROM AMARANTH GROWN IN THE
CONDITIONS OF CENTRAL KAZAKHSTAN

Abstract. Amaranth is a crop of interest to scientists and researchers due to its
unique nutritional properties and resistance to climatic conditions. The aim of this research
was to investigate the groats from amaranth grown in Central Kazakhstan for further use in
the production of bakery and confectionery products. Amaranth groats were evaluated for
its chemical composition, vitamin and mineral content, amino acid profile, food safety, and
organoleptic assessment. The results showed that amaranth groats are rich in protein
(17.97%), fiber (5.15%), and carbohydrates (67.68%). A high content of minerals
(magnesium 190.96 mg per 100 g, calcium 173.41 mg, potassium 301.78 mg) was found in
the amaranth groats, as well as vitamins B1, By Bs Bs B12, and C. The amino acid profile of
amaranth groats showed the presence of all amino acids necessary for human health. Based
on the results obtained, the amaranth groats we produced is a rich source of biologically
active compounds and, due to its nutritional properties, can be used in the development and
improvement of functional food products.

Keywords: amaranth groats, chemical composition, amino acid profile, vitamins,
minerals, food safety.
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Introduction. Globally, amaranth has long been recognized as a highly
efficient agricultural crop, widely used in various fields. Interestingly, in southern
Kazakhstan, amaranth, which includes more than fifty species, was until recently
considered a persistent weed by farmers. In southern Kazakhstan, there are now
plans to produce groats, oil, and even popcorn from amaranth [1].

The growing interest in using pseudo cereals in food technologies is linked
to their high-quality amino acid, mineral, and vitamin composition [2]. Amaranth is
valued for its key functional components, namely dietary fibers (11.10%) [3],
proteins (10.18-29.35%) [4], polyunsaturated fatty acids (3.23%) [5], vitamins:
riboflavin (0.23%), ascorbic acid (4.50%), folic acid, and vitamin E [6], minerals
(calcium: 178 mg/100 g; magnesium: 248 mg/100 g; phosphorus: 557 mg/100 g;
potassium: 508 mg/100 g) [5], and various biologically active compounds [7]. The
biggest limitation of its functional properties is that amaranth does not contain
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gluten and, therefore, lacks dough-forming and baking properties. However, it is a
potential raw material for people with gluten intolerance.

Russian scientists recommend using amaranth oilcake in dairy, plant-based,
meat, and cereal products, as well as in sweet and groats confectionery, and food
concentrates [8].

Studies by other scientists confirm that using amaranth cake as a dry
component can increase biological value due to its high content of easily digestible
protein (18-20%), which includes all essential amino acids in sufficient quantities

[9].

As a functional ingredient, gluten-free amaranth groats (containing fiber) can
act as a prebiotic, while its proteins (with a unique amino acid profile) support
muscle recovery [10].

Amaranth is a new crop for the northern regions of Kazakhstan, attracting
researchers' and practitioners' attention due to its rich and balanced protein, high
vitamin content, and mineral salts. We have conducted trial work observing the
survival of the “Giant” variety of amaranth in Northern Kazakhstan. With the
harvested amaranth, studies were conducted to produce oil from the seeds, use the
dry mass of stems and leaves as animal feed, and examine the impact of the plant's
growth on the soil [11].

Materials and methods. The research utilized seeds of the “VVoronezh”
grade of amaranth, cultivated by the farming enterprise “Nuray 2013” LLP in the
Akmola region. The seeds were pre-defatted using a press method at the vegetable
oil production workshop of S. Seifullin Kazakh Agrotechnical Research
University. The resulting cake was ground in a crusher to obtain amaranth groats.

The organoleptic characteristics of the amaranth groats were determined
according to GOST 27558-2022.

The mass fraction of protein was determined according to GOST 10846-91.
This method involves the mineralization of organic matter with sulfuric acid in the
presence of a catalyst to form ammonium sulfate, the decomposition of ammonium
sulfate with an alkali to release ammonia, the distillation of ammonia with steam
into a solution of sulfuric or boric acid, followed by titration.

The mass fraction of fat was determined according to GOST 29033-91 by
extracting crude fat from amaranth groats using a solvent mixture of hexane and
diethyl ether in a Soxhlet apparatus, followed by the removal of the solvent, drying,
and weighing the extracted crude fat.

The mass fraction of carbohydrates was determined by the
permanganometric method.

The mass fraction of fiber was determined according to GOST 31675-2012
with intermediate filtration.

Analyses to determine the organic substances, amino acid, mineral, and
vitamin composition of amaranth groats samples were conducted in the Research
Laboratory for the Assessment of Quality and Safety of Food Products at JSC
“Almaty Technological University” (Protocol No. 342 dated April 22, 2024).

Research on the food safety of amaranth groats samples were carried out in
the accredited laboratory of RSE “Center for Sanitary and Epidemiological
Expertise” of the Medical Center of the Administrative Department of the
President of the Republic of Kazakhstan (Protocol No. 157 dated January 11,
2024).

Research results. The results of the organoleptic characteristics of amaranth
groats are presented in Table 1.
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Table 1
Organoleptic Indicators of Amaranth Groats
Indicator Standard document | Standard values of indicators Research
for research methods results
Color Visually Yellow and white shades Corresponds
with noticeable particles of
groats husks
Taste and smell GOST 27558-2022 Characteristic of amaranth | Corresponds
groats without any off-odors
or flavors

The Table 2 provides data on the mass fraction of protein, fat, carbohydrates,
fiber, organic substances, energy value, as well as the content of key minerals and

vitamins in amaranth groats.

Table 2
Analysis results of amaranth groats for physic-chemical parameters
Indicators Standard document for research Research
methods results

Physic-chemical parameters, %:
— protein content by mass GOST 10846-91 17.97+0.27
— fat content by mass GOST 29033-91 8.30+0.12
— carbohydrate content by mass Perganometric method 67.68+1.01
— fiber content by mass GOST 31675-2012 5.15+0.07
— organic substances Thermogravimetric method 9.59+1.49
Energy value, kcal 417,3
Mineral elements:
— magnesium, mg per 100 g GOST 32343-2013 190.96+2.86
— calcium, mg per 100 g GOST 32343-2013 173.41+2.60
— potassium, mg per 100 g GOST 32343-2013 301.78+4.53
—iodine, pg per kg MUK 4.1.1106-02 Not detected
Vitamins, mg per 100 g:
-B: 0.098+0.017
-B2 0.147+0.043
—Bs GOST 31483-2012 0.035+0.007
—Bs 0.961+0.22
- B 0.7540.15
-C 3.14+0.04

An important indicator of raw materials is the amino acid composition. The
content of essential and non-essential amino acids in amaranth groats is presented
in Table 3 and chromatogram (Fig. 1).

Table 3
Amino acid composition of amaranth groats, %
Amino acids Standard document for Research
names research methods results
1 2 3
Arginine 1.404+0.562
Lysine 2.533+0.868
Tyrosine M-04-41-2005 0.915+0.274
Phenylalanine 1.085+0.326
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Table 3 (continued)
1 2 3
Histidine 1.255+0.628
Leucine-isoleucine 1.830+0.476
Methionine 0.745+0.253
Valine 1.468+0.57
Proline M-04-41-2005 1.043+0.271
Threonine 1.149+0.460
Serine 0.915+0.238
Alanine 1.936+0.503
Glycine 1.021+0.347

jaoéiiei:
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Fig. 1. Chromatogram of the amino acid composition of amaranth groats

Food safety is one of the main priorities for both producers and consumers.
Food safety is one of the important issues facing humanity, as it determines the
health of the nation, its development, and well-being. The term “safety” in
accordance with the Technical Regulations of the Customs Union “On Food
Safety” refers to the state of food products indicating the absence of unacceptable
risk associated with harmful effects on humans and future generations. At all stages
from storage, transportation, production, and storage, it is necessary to follow rules
and ensure the food safety of raw materials and finished products. The results of

food safety research are presented in Table 4.

Table 4

Analysis results of amaranth

roats for food safety

Indicator Standard document Standard values of Research
for research methods indicators results
1 2 3 4
Mycotoxins, mg/kg:
— aflatoxin By GOST 30711-2001 Not more than 0,005 | Not detected
Toxic elements, mg/kg
— cadmium GOST 30178 Not more than 0,1 Not detected
— lead GOST 30178 Not more than 0,5 Not detected
— arsenic GOST 31266 Not more than 0,3 Not detected
— mercury GOST 26927 Not more than 0,02 | Not detected
Pesticides, mg/kg:
—a-HCH ST RK 2011-10 Not more than 0,5 0.00
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Table 4 (continued)

1 2 3 4

—B-HCH ST RK 2011-10 Not more than 0,5 0.00
—y-HCH ST RK 2011-10 Not more than 0,5 0.00
4,4-DDT and its

metabolites:

- DDT ST RK 2011-10 Not more than 0,02 0.00
— DDE ST RK 2011-10 Not more than 0,02 0.00
— DDD ST RK 2011-10 Not more than 0,02 0.00

Discussion. The organoleptic characteristics of the studied amaranth groats
meet the requirements of GOST 27558-2022. The obtained results of the physic-
chemical parameters of amaranth groats (Table 2) are almost in agreement with the
results obtained by other researchers [12,13], which reported 15.38% and 15.05%
crude protein, 3.55% and 3.00% crude fiber, and 65.69% carbohydrates in
amaranth groats, respectively. The chemical composition results of our amaranth
groats are superior, with protein content at 17.97%, crude fiber at 5.15%, and
carbohydrates at 67.68%. The fat content (8.3%) and nutritional value (417 kcal) of
the studied amaranth groats match the data of other researchers [14], which
reported 8.2% fat and 417.2 kcal. However, the content of minerals such as
magnesium and calcium in amaranth groats grown in the central region of
Kazakhstan was significantly higher compared to data from Nigerian researchers:
magnesium 190.96 mg/100 g (8.23 mg/100 g) and calcium 173.41 mg/100 g (33.29
mg@/100 g). The mineral content is approximately twice as high as in regular cereals
[15].

Overall, amaranth is not a significant source of vitamins. However, analysis
of Table 2 shows the presence of B group vitamins and a high content of vitamin
C. Some studies claim that amaranth contains more riboflavin (vitamin By), folic
acid (vitamin By), and ascorbic acid (vitamin C) compared to regular cereals [15].

The amino acid composition of amaranth protein is considered close to that
of an ideal protein. Since the quality of its protein is similar to that of animal
sources [16,17], amaranth groats can be considered an alternative to meat in the
human diet [18], not only due to its favorable amino acid composition but also
because protein is the second most abundant nutrient [16,17,19].

Data from Table 3 and the chromatogram show an ideal balance and quality
of amino acids. Eight essential amino acids were found: histidine (1.255%),
isoleucine with leucine (1.830%), lysine (2.533%), methionine (0.745%),
phenylalanine (1.085%), threonine (1.149%), and valine (1.468%), which play an
important role in the human body by promoting protein synthesis, influencing
human metabolism, regulating numerous biological processes, and affecting body
mass and energy balance. In comparison, the article [20] reports much lower
contents of these amino acids at 0.23%; 0.95%; 0.54%:; 0.28%; 0.43%; 0.38%, and
0.42%, respectively.

Conclusion. The conducted research has confirmed the nutritional value of
amaranth groats. The properties of amaranth groats combine characteristics of a
safe and health-beneficial product and raw material. Thus, amaranth groats can be
used as a natural substance in the food industry. The research results confirm that
the protein content in amaranth groats (17.97%) is comparable to meat, making it
an alternative high-protein product. The nutritional value of amaranth groats is
further highlighted by its high content of essential minerals such as magnesium
(190.96%), calcium (173.41%), and potassium (301.7%). The amino acid profile of
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amaranth groats shows significant levels of almost all essential and non-essential
amino acids. The safety of amaranth groats was demonstrated by the absence of
mycotoxins, toxic elements, and pesticides including 4,4-DDT and its metabolites.

The superior nutritional value and health-promoting properties of amaranth
should encourage food producers to develop new technologically innovative
functional food products. We will continue research on cultivating other varieties
of amaranth, developing new beneficial products based on amaranth groats, and
conducting detailed studies of their qualitative indicators to determine the balanced
use of this raw material.

Amaranth should be recognized as one of the promising nutrient-rich and
health-beneficial crops with great potential to expand the range of food products
and enhance the country's economy.
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.U. CataeBa?, C. EcxoxuH?

1C. Celipynnur ambiHdarbl Ka3aK G2pomexHUKanblK 3epmmey yHusepcumemi,
AcmaHa K., KazakcmaH
2«Hypali 2013» MLLUC, AcmaHa K., KasakcmaH

OPTAJIbIK, KASAKCTAH/IA ©CIPUITEH AMAPAHTTAH
ANbIHFAH }XAPMAHbI 3EPTTEY

AHpaTna. AMapaHT ©3iHiH, epeKwe TafaMaplK KacUeTTepiHe KoHe KAMMATTbIK
Kafdalnapfa  TedimginiriHe  6GaWnaHbICTbl  fanbiMAap — MeH  3epTTeyLwinepai
KbI3bIFYLIbIIbIFbIH - TyAbIPATbIH  Aakbla. byn 3epTreyaiH MakcaTbl HaH-TOKALW XKaHe
KOHOUTEPNIK eHimaep eHaipiciHae oaaH api nmaihaanaHy ywiH OpTanblk KasakcTaHaa
ecipinreH amapaHTTaH afblHFAH KapmanapblH 3epTrey 60nabl. AMApaHT Kapmanapbl
XUMUSABIK Kypambl, OapymeHaep MeH MWHepangapablH, mesLwepi,
AMMHKDBIWKbINAAPbIHBIH,  Kypambl,  TafraMAblK  OHIMAepAiH,  Kayincisgiri  »KaHe
OpraHo/ienTUKanblK,  KpceTkiwTepi 6GoMbiHWa  6afanaHgbl. HatuKenep  amapaHT
apManapbliHblH akybi3fa (17,97%), TanwbikTapfa (5,15%) xaHe Kemipcynapra (67,68%)
6ail eKeHiH KepceTTi. AMapaHT KapmanapblHaa MUHepangapabliH Ken menwepi (100 r-fa
marHuii 190,96 mr, Kanbumii 173,41 mr, kanuii 301,78 mr), coHbiMeH KaTap Bi, Bz, Bs, Bs,
B12 koHe C papymeHaepi 6ap. AMapaHT KapManapblHblH, aMUHKbIWKbIAABIK Npodui
a[aM AeHcay/blFblHA KaKeTTi 6ap/iblK aMUHKbIWKbIILAAPbIHbIH, MewepiH kepceTTi. Ocbl
epAeH anblHFaH HaTMXKenepre cyiheHcek, 6i3 anfaH amapaHT fA2Hi OMOAKTUBTI
KOCblnbiCTapAblH, 6ait Ke3i 60/bin Tabblnafbl KOHE OHbIH, KOPEKTIK KacueTTepiHe
6alinaHbICTbl GYHKLMOHANAbIK a3blK-TYNIKTEPAI 93ipaeyae KaHe KaKkcapTyAa KonAdaHyfa
6onagbl.

Tipek ce3gep: amapaHT KapMacbl, XMMMUANBIK KypPaMbl, aMUHKbILIKbIAAAPbIHbIH,
KYpaMbl, 4opyMeHAEP, MUHEpangap, asblK-TyAiK Kayincisairi.
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¥K.W. CataeBa?, C. EcxoxuH?

1Kazaxckuii azpomexHuyeckuli uccnedosamensckull yHusepcumem um. C. CeligpynnuHa,
2. AcmaHa, KaszaxcmaH
2TOO «Hypaii 2013», 2. AcmaHa, KasaxcmaH

WUCCNEQOBAHUE KPYMbl U3 AMAPAHTbI, BbIPALLEHHOM B YCIOBUAX
LLEHTPA/IbHOIO KA3AXCTAHA

AHHOTaumMA. AMapaHT NpeacTaBAfeT coboW KynbTypy, UHTEPECHYIO ANA YYEHbIX U
uccneposatenelt  6narogaps  CBOMM  YHUKaNbHbIM  MUTATENbHbIM  CBOMCTBAM U
YCTOMYMBOCTBIO K KAMMATMYECKMM  ycnoBuam. Lenbto  gaHHoi  paboTbl  6bl10
uccnefoBaHue Kpynbl M3 amapaHToB, BblpalieHHoW B LleHTpanbHom KasaxcTtaHe ans
JanbHenWero WCNosib3oBaHUA B MNPOM3BOACTBE XN1€606YNOYHBIX WU KOHAUTEPCKUX
n3gennin. AmMapaHTOBYHO Kpymny OLEHWBaAAM MO XMMWYECKOMY COCTaBYy, COZLEP)KaHUIO
BUTAMWMHOB W  MWHEPasibHbIX BELECTB, AMMUHOKWUC/IIOTHOMY COCTaBy, MULLEBOM
6€30NacHOCTN U OpraHONEeNTUYECKOW OLEeHKe. Pe3ysbTaTbl MOKasasu, 4YTo amapaHToBas
Kpyna 6orata no cogepaHuto 6enka (17,97%), knetyatku (5,15%), yrnesogos (67,68%). B
amapaHTOBOM Kpyne obHapyKeHO BbICOKOE KOIMYecTBO MUHepanoBs (marHma 190,96 mr Ha
100 r, kanbuma 173,41 mr, kanusa 301,78 mr), a Takke BUTamMuHbI Bi, B2, B, Bs, B1o u C.
AMWHOKMCNOTHBIN  NpPOodUAb  amMapaHTOBOM  MYKM MOKasan CoAep)KaHuMe  BCex
aMMHOKUC/IOT, Heobxoaumblx A5 340poBbA 4YenoBeKa. Cyasa MO MOJyYeHHbIM 34ecCb
pesynbTaTam, MOJIyYEHHAs HaMW amapaHToBasA Kpyna fAsaseTrcA 6oraTbiM MCTOYHMKOM
6MONOrMYECKM aAKTUBHbIX COEAMHEHWN M bnarofaps CBOMM NUTATE/IbHbIM CBOWMCTBaM
MOJET MCNO/b30BaTbCA MNpU paspaboTke U COBEPLUEHCTBOBAHWUU GYHKLMOHANbHbIX
NPOAYKTOB NUTAHMA.

KnioueBble cnoBa: amapaHTOBaA Kpyna, XMMUYECKMIA COCTaB, aMWUHOKUCAOTHBIN
COCTaB, BUTaMWHbI, MMHEpPasbl, NMwesan 6e30nacHoCTb.
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