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THE RESEARCH OF THE QUALITY OF MILLET AND OAT

Abstract: Currently, there is a growing public demand for whole grains, driven by increasing
awareness of their health benefits. Scientific evidence has demonstrated that whole grains possess superior
nutritional value compared to highly processed cereal products. Disruptions in gastrointestinal water balance,
elevated blood cholesterol levels, and the accumulation of toxins and heavy metals have detrimental effects
on the human body and contribute to the onset of various diseases. In contrast, regular consumption of whole
grains has been shown to improve blood circulation, support cardiovascular function, and help maintain a
balanced intestinal microbiota, thereby promoting overall health.

Among various cereal grains, millet and oats stand out as particularly suitable for daily gluten-free
diets. These grains are especially rich in B-group vitamins and dietary fiber, making them valuable components
of a balanced nutritional regimen. In this context, the present study investigates the potential use of whole
millet and oat grains as functional ingredients in the formulation of fermented beverages, with particular
emphasis on their bioactive compounds and enhanced nutritional profile.

Despite their known health benefits, whole grains also contain phytic acid, which can inhibit the
absorption of essential macro- and micronutrients. To mitigate this effect, the grains were soaked in water for
six hours — a process shown to effectively reduce phytic acid levels.

Following this treatment, two drying methods were applied: convective drying at 38°C using a Sedona
dehydrator, and pan-toasting in a WOK at heat levels 6 to 8. The processed raw materials were subsequently
analyzed for their sensory attributes, B-vitamin content, dietary fiber levels, and concentrations of water-soluble
antioxidants. The results indicated that the overall nutritional quality of both millet and oat grains was
maintained under both drying conditions, with the exception of vitamin B3, which showed a decline in oats
subjected to pan-toasting.

Key words: millet, oats, phytic acid, soaking, fibers, neutralization.

Introduction

A significant proportion of essential vitamins, minerals, and bioactive compounds beneficial
to human health are derived from the consumption of liquid-based food products. Among them,
fermented milk beverages are increasingly recognized as functional and health-promoting
alternatives. Despite their nutritional advantages, the commercial beverage market remains
dominated by sugar-sweetened mineral drinks containing artificial colorants and preservatives.
Although fermented beverages are available in retail settings, their variety remains limited. To
address this gap, the present study investigates the incorporation of selected grain crops into
fermented drinks to enhance their nutritional profile, organoleptic properties, and gastrointestinal
benefits.

Kazakhstan is a major producer of grain crops, each possessing distinctive nutritional and
functional characteristics. Among the key components, dietary fiber plays a critical role in maintaining
water balance, binding metabolic by-products, and eliminating water-soluble toxins from the body.
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Furthermore, fiber contributes to the regulation of various physiological and biochemical processes.
B-group vitamins have also been shown to support energy metabolism, the functioning of the central
nervous system, and cardiovascular regulation. A well-balanced intake of carbohydrates, fats, and
proteins remains a fundamental requirement of the human diet. Based on scientific criteria, millet
and oats were selected for this study due to their rich content of fiber and B vitamins, as well as their
established benefits for digestive health.

Oats and millet are widely utilized as breakfast cereals and porridge bases and, in the case
of oats, also serve as raw materials for the production of plant-based milk alternatives. The
advantages of these grains are multifaceted. Both crops exhibit strong ecological adaptability. Millet,
for example, requires significantly less water compared to other grain crops — approximately 300-
400 cubic meters per hectare per irrigation cycle. Oats, due to their resilience, are adaptable to a
wide range of environmental conditions. In addition to their agronomic benefits, both grains have
been associated with reduced risks of hypercholesterolemia, diabetes, and hypertension. Their high
dietary fiber content not only supports energy metabolism but also contributes to gut microbiota
regulation, cholesterol reduction, heavy metal detoxification, and exerts a prebiotic effect.
Consequently, the integration of these grains into functional food formulations may provide
preventive health benefits and reduce the incidence of chronic diseases.

However, like legumes, oilseeds, and nuts, cereal grains inherently contain phytic acid, which
comprises 60-80% of their total phosphorus content. Phytic acid (InsP¢) is known to inhibit the
absorption of essential minerals such as iron, magnesium, zinc, and calcium — elements vital to
numerous metabolic functions. Consequently, mineral deficiencies resulting from high phytic acid
intake may impair physiological functions and compromise immune competence. To mitigate these
effects, neutralization of phytic acid is necessary. By analyzing the physicochemical properties of
the grains post-treatment, it becomes possible to evaluate and predict their nutritional quality and
functional potential.

The primary objective of this study is to neutralize phytic acid in whole millet and oat grains
and to assess their organoleptic characteristics and physicochemical parameters for their application
in fermented functional beverages.

Materials and methods

The objects of this study were processed whole grain samples of oats and millet. The
investigation into the physicochemical and organoleptic characteristics of these grains was carried
out in the scientific laboratory of the Department of Technology of Food and Processing Production
at Kazakh Agrotechnical Research University named after by S. Seifullin and the Research
laboratory for assessing the quality and safety of food products of the «Almaty Technological
University» JSC.

The quality analysis of millet and oat grains was performed using methods specified in
regulatory and technical documentation. The experimental procedures were conducted under
controlled conditions of 21°C temperature and 64% relative humidity. The primary physicochemical
analyses employed during the study included the following:

- Mass fraction of crude fiber, % (according to GOST 31675-2012)

- Water-soluble antioxidants, mg/100 g (according to GOST R 54037-2010)

- Vitamins B1, B2, B6, B5, B3 (according to GOST 31483-2012)

- GOST 28673-2019 «Oats. Technical Specifications»

- GOST 22983-2016 «Millet. Technical Specifications»

Additionally, following water soaking, the millet and oat grains were dried using a Sedona
brand convection oven at 38°C and a WOK pan.

Results and discussion

In the scientific laboratory of the Department of Food and Processing Industry Technology of
the Kazakh State Agrarian University named after S. Seifullin, dry whole grains of millet and oats
were selected (the grains were soaked in filtered water once, the next day another batch was used)
and these grains were soaked in filtered water every day. The first day the grains have stayed in
filtered water for 10 hours, the second day for 9 hours, the third day for 8 hours, the fourth day for 7
hours, the fifth day for 6 hours and the sixth day for 5 hours. The purpose of soaking these grains in
filtered water was to neutralize the phytic acid contained in them. They were also monitored and
compared for the absence of foreign tastes and odors, as well as the neutralization of phytic acid
over a period of 5 to 10 hours.
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Table 1 — Soaking durations of experimental samples of millet and oat grains in water

Ne Test . .
Samples Duration Millet Oats
There was a strong sour smell, and The smell of fermentation was
Test Sample 9 ' distinct, and the surface of the
10 hours | there were small bubbles on the surface R
Ne 1 water was covered with tiny
of the water .
spherical bubbles
. There was a faint sour smell, and
Test Sample 9 hours A strong smell of fermentation, small small soherical bubbles remained
Ne 2 bubbles on the surface of the water p
on the surface of the water
The smell of fermentation remained, the There was a sour smell, and the
Test Sample
No 3 8 hours bubbles on the surface of the water water surfaqe had a few small
became smaller spherical bubbles
Test Sample 7h There was a strange smell, no bubbles There was no sour, foreign smell,
No 4 ours were visible but there were a few bubbles on
" ) the surface of the water
Test Sample 6 hours There was no foul or foreign odor, the There was no foul or foreign odor,
Ne 5 water remained clean. the water remained clean
Test Sample There was no foul or foreign odor, the There was no foul or foreign odor,
5 hours ; 8
Ne 6 water remained clean the water remained clean

As a result, it was found that when the grain is soaked in water for 5-6 hours on the fifth and
sixth day, its organoleptic indicators remain unchanged. This suggests that a 6-hour soaking period
may represent the optimal duration for achieving maximal phytic acid reduction while preserving the
sensory properties of the grains. Accordingly, following the 6-hour aqueous soaking treatment for
phytic acid neutralization, further analyses were conducted to examine the impact of this process on
the grains’ physicochemical properties.

At first, 300 g of unsoaked oat crop was taken as control sample No. 1. 300 g of samples No.
2 and No. 3 were also taken and soaked in water for 6 hours. 600 ml of filtered water at a temperature
of 45-60 °C was poured into each sample. After the phytic acid was neutralized by soaking and
pouring off the remaining excess water, the crops were washed again in filtered water and dried in
2 different ways. The first was in the oven at a temperature of 38 °C, and the second was placed in
a WOK pan and fried. Nothing was poured into the pan and the indicator on low heat was between
6-8. There was no significant change in the weight after drying of the 2 methods (table 2). The same
2 different methods were repeated for millet control samples and samples (shown in the figure 1).

Table 2 — Weight of millet and oat grain samples before and after drying

Samples Before pouring water, gr After drying, gr
Control

Oats Nel 300 B

Oats Ne 2 300 281

Oats Ne 3 300 265
Control

Millet Ne 1 300 -

Millet Ne 2 300 289

Millet Ne 3 300 286

e NS
o VS

Figure 1 — Drying process of whole grain smples of millet and oats
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As a result, oat sample No. 2 exhibited a weight difference of 19 grams, while sample No. 3
showed a difference of 35 grams. It was further observed that millet grains absorbed less water than
oat grains, with respective differences of 11 grams and 14 grams. Consequently, the final weight of
millet and oat grains dried in the oven was greater than that of the samples subjected to pan-frying.
Figure 1 presents the process of drying whole grain millet and oat samples in an oven and in a pan.

The organoleptic characteristics of the grains after drying are presented in the following table

(table 3).

Table 3 — Organoleptic evaluation of whole grain millet and oat samples after drying

Sample .
Name Color Odor Taste Visual Appearance
Fresh, free from mold, | Pleasant, Predominantly whole, large in
Test Sample . . . . . L
Light yellow | mustiness, and off- | without size, with a nearly cylindrical or
Oats Ne 1 .
odors bitterness pear-shaped form
Fresh, free from mold, | Pleasant, Predominantly whole, large in
Test Sample . . . . . —
Light yellow | mustiness, and off- | without size, with a nearly cylindrical or
Oats Ne 2 .
odors bitterness pear-shaped form
Test Sample Fresh, clean, free from Mildly  sweet Small, oval-round in shape,
X P Light brown | mold, mustiness, and y covered with husks, uniform in
Millet Ne 1 and nutty
off-odors form
Fresh, clean, free from Small, oval-round in shape,
Test Sample . . ; . )
X Light brown | mold, mustiness, and | Neutral, nutty | covered with husks, uniform in
Millet Ne 2
off-odors form

The table shows the values of fiber content and water-soluble antioxidants in grains with
neutralized phytic acid. It is clear that there were no significant changes in the result. However, while
the fiber content of oat grain in the control sample without soaking was close to the result after
roasting, the oven-drying method showed a result 1% lower. While the results after roasting were
similar to the fiber content of the control sample of millet grain, the fiber content of the oven-dried
grain did not change significantly. Along with determining the amount of fiber in millet and oat grains,
the amount of water-soluble antioxidants was also studied. The results showed that the quality of
the grain was preserved both when roasting and when drying in the oven, as evidenced by the fiber
content.

The content of group B vitamins in these samples was additionally determined (shown
below). According to the obtained results, there were no significant changes compared to the control
sample. However, a significant difference in the content of vitamin B3 was observed in the oat sample
No. 3 compared to the control sample. It turns out that vitamin B3 loses its properties when oats are
fried (table 4).

Table 4 — Content of mass fraction of fiber and water-soluble antioxidants in experimental
and control samples of whole grain oats and millet

Samples Mass fraction of fiber Water-soluble antioxidants
Control

Oats Ne 1 9,65+0,12 0,81+0,0066

Oats Ne 2 8,64+0,10 0,71+0,0016

Oats Ne 3 9,11+0,11 0,76+0,0064
Control

Millet Ne 1 4,18+0,04 0,57+0,0050

Millet Ne 2 3,93+0,04 0,52+0,0015

Millet Ne 3 3,96+0,05 0,56+0,0076

In addition, it has been established that the process of neutralization of phytic acid by soaking
millet and oat grains in water does not affect the quality of these crops (Figure 2).

Therefore, the quality characteristics of millet and oat grains used as functional fillers in the
formulation of fermented beverages remained largely stable, even after being subjected to a six-hour
water soaking process.
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Figure 2 — Comparative vitamin B content in whole grain oat and millet samples

Conclusion

Oats and millet were selected among cereal crops for research as additives to dairy
fermented drinks. Determined soaking time and drying methods for the above types of whole grains,
as well as their mass after drying. Furthermore, the organoleptic properties of grains subjected to
soaking in water were assessed in the context of phytic acid neutralization. Following drying,
additional evaluations were conducted to determine their fiber content, levels of water-soluble
antioxidants, and B-group vitamins. The findings of the study demonstrated that soaking whole oat
and millet grains in water for six hours effectively neutralizes phytic acid without compromising their
organoleptic properties or causing a loss of vitamins, macro-, and micronutrients.

Therefore, the integration of processed whole-grain oats and millet, characterized by varying
physicochemical properties, into fermented beverages as functional additives has the potential to
improve digestibility and overall product quality. Nevertheless, further studies are needed to better
understand how phytic acid behaves in cereal grains and how it influences their nutritional and
functional properties.
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TAPbI XKOHE C¥J1bl AAKbINIAAPbIHbIH CAMNACDBIH 3EPTTEY

Kaszipai maH0a xarnbik cypaHbiCbl mymac mypdeai 0eHAi Oakbindapra apmabin kenedi. byn acmblKmbiH
bipHewe pem kaumanama eHOenzeH 08HOIi OakbinOapra KapafaHOa carnacbl Xofapbl 60n1ambiHbl
OanesifeHeaeH.

Ar3zada xui kezdecemiH ackasaH iwek xosndapbiHOa cyObiH merne meHOliei cakmanmad, KaHdafbl
XonecmepuH MesnwepiHiy acKbiHybl, MOKCUHOEP MeH aybip mMemarsndapibiH 60sybl CUSKMbl Macenenep Kepi
acepiH mueaizin, kenmeezeH aypynapra okenedi. An mymac mypdeai acmbiKmbl MymbIHy apkbliibl KaH
aliHanbIMbl, XXyYPeK mamblip XyUeCiHiH XyMbicmaphbl XoHe marbl MaHbI30bl beriiei o1 — ac Kopbimy xyUecCiHiH
MUKpoOghriopachiH Kanbifka kenmipymeH OeHcayrnbiFbiH HbiFalimyda OH acepiH bepemiHi batikanadkbl.

Acmbik myprnepiHiH iwiHdeai mapbl XoHe cynbl 0sHOepi KyHOenikmi entomeHci3 duemara apHarsfraH
Oakblnidap KamapbiHa KipemiHiH ecKkepcek, coHOali-aK KypambiHOa adam ar3acbiHa Kaxemmi B mobbiHbIH
OspymeHOepi xxoHe maruibiKmap Mesiuepi xorapbl ekeHlizimeH epekweneHedi. OcbiraH opad, 6uonocusbIK
besiceHOi 3ammapObiH KOCbIbiICMaphkl apKbliibl KYHObIbIFbI MEH canachl Xorapbl 6oriambiH mapbl XeHe CyJibl
OsHOepiHiH mymac myprepi awbimbifiFaH CyCbIHFA MOJbIKMbIPFbILW pemiHOe Kocy makcambiHOa 6epineeH
WuKi3am mypiH 3epmmey OCbl XXyMbiCIma Kapacmbipbliaobl.

Tymac mypdeei mapbl xoHe cyrbl OsHOepi OeHcayrnbikka Kambicmbl macenenepdi weuwyde
mananmapra cali 6onraHbiMeH, adaM ar3acbiHa Kaxxemmi Makpo, MUKPO anemeHmmepoliH CiHyiHe acep
ememiH pumuH KblWKbibl 6onambiHbl aHbiKkmanfaH. On ywiH amarnfaH 0eHOepldi cyda myHbIKmMbIpy 80ici
KondaHbindbl,  HomuxeciHOe,  ¢bumuH  KblWKblIbIH cyda 6 caram  MyHbIKMbIpy — 90iCiMeH
belimapanmarObipblnidbl. OdaH epi amarnfaH acmbikmapdbl kKenmipydiH 2 xonbi (Sedona mapkarisi
koHeekmuemi newme 38°C memnepamypada xoHe WOK mabacekiHOa 6-8 dapexeciHde Kybipbir Kernmipy)
YCbiIHbINObI. KenmipydeH KeliiH dalibiH 6ornFaH WukKizammblH op2aHosienmukarnbik kacuemmepi, B mobbiHbiH
OspymeHOepi, manubiKmapbl XoHe cyda epmumiH aHmuokcuGaHmmap mersnwepi sepmmendi. HomuxxeciHde
mapsbi xeHe cyribl 0oHOEPIHIH cyda myHbIKmMbIpbiriraHFa 0eliH xoHe odaH api Kenmipy xondapbiHaH KeliH de
6apribiK yneinepiHOe canacbl cakmanodbl. Tek B3 eumamuHi 6olbiHWwa cyrbl O08HIHIH KybipbliraH adici
6olbIHWwa memeH Kkepcemkiw 6epdi.

Tyldin ce30ep: mapbi, Cynbl, CUMUH KbIWKbIIL, cyda MYHbIKMbIPY, manuwbiKkmap,
belimapanmaHobipy
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MCCNEOOBAHUE KAYECTBA MNMLWUEHA U OBCA

B Hacmosiwee spemsi HabmoGaemcsi pocm UHmMepeca HacesieHUs K Ue/lbHO3epHOBbLIM Ky/lbmypam.
HokazaHo, 4mo oHu obrnadaiom 6o5ee B8bICOKUM KayecmeoM [0 CPaBHEHU C HEOOHOKPamHo
nepepabomaHHbLIMU 3epHOBbIMU MPOdyKmamu.

HapyweHue 800H020 banaHca 8 xernydoYHO-KUWEYHOM mpakme, nosbileHUe YPO8HS XornecmepuHa
8 KPpoB8U, HaKOM/IEHUE IMOKCUHO8 U MSKEMbIX Memarsnsioge — 6CE 3mo OKasbieaem Hebjia2onpusimHoe
go3delicmeue Ha op2aHU3M U MOXem rfpueecmu K pa3sumuro pasnuyHbix 3aboneeaHul. lNompebneHue
UesIbHO20 3epHa, 8 C80K o4yepeldb, criocobcmeyem HopManu3ayuu KpoeoobpaweHuUs, yiy4uweHuro yHKUUl
cepdeyHo-cocyOucmol cucmeMbl, @ makxe 80CCMaHOB8IIEHUK MUKPOIIOPkI NMulesapumesibHO20 mpakma,
0Kasbleasi meM caMbiM M07I0XUMENbHOE 8MUsIHUE Ha obuwee cocmosiHUue 300p08bSI.

Cpedu 3nakoebIx Kyrnbmyp Mpoco U 08EC 8bIOesISIIOMCS KaK UCMOYHUKU, PeKOMeHA08aHHbIe Orisi
exxe0He8Ho20 6e32/110MmeH08020 MUMaHUsI, OMAUYaoWUECST 8bICOKUM COOepXXaHUeM MuUUEesbiX 80SIOKOH U
sumamuHos 2pynrbl B, HeobxolOumbix Onsi hyHKUUOHUPOBaHUs1 op2aHu3ma. B cessu ¢ amum 8 daHHoOU
pabome paccmampusaemcsi 803MOXHOCMb UCMOMb308aHUSI UeflbHbIX 3EPEeH Mpoca U osca 8 Kayecmee
QQYyHKUUOHaIbHO20 KOMIOHEHMAa 8 cocmase (hepMeHmMUPO8aHHO20 Hanumka, ¢ akueHmoM Ha UX 8bICOKYIO
rnumameJsibHy UeHHOCMb U codepxxaHue buoio2uvecKU aKkmueHbIX CoOeOUHEeHUU.

Hecmompsi Ha coomeemcmeue uernbHbix 3EpeH rnpoca u osca mpebosaHusM K rpodyKkmam,
criocobcmeyrwuM yKperieHuto 300p08bSs, yCMaHOBEHO, YMO OHU codepxxam (bUMUHOBYHO Kucromy,
KOomopasi MOxem CHUXamb YC80EeHUE XU3HEHHO 8aXHbIX MaKpo- U MUKPO3/1IeMeHmos 8 opeaHu3me. C yernbio
eé Helmpanu3ayuu e pabome rnpumeHssicas Memod rnpedeapumesibHO20 3amaqyueaHusi 3epHa 8 8o0e 8
meuyeHue 6 yacos. [lposedéHHbIl aHanu3 nokasar, Ymo 0aHHasi obpabomka criocobecmayem sghghekmusHoOMY
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CHUXEHUIO YPOBHS humuHoeol Kucriombl. B OanbHelwem 6binu arnpobuposaHbl 08a Memoda CyuKu:
KOHBekmMueHasi cywka npu memnepamype 38 °C e Oecudpamope mapku Sedona u obxapka 8 ckosopode
WOK Ha yposHe Hazpesa 6—8. [omoeoe cbipb€ b6birio uccrnedosaHO Ha npedMem OpeaHOIenmMuUYecKux
rnokasamenedl, codepxaHuss 8uUMaMuHO8 2pynnbl B, nuwesbix B0/I0KOH U 8000pacmeopPUMbIX
aHmuokcudaHmos. [lo pe3ynbmamam aHasusa yCcmaHO8/IeHO, 4Ymo numamesbHas UEeHHOCMb CbIpbsi
coxpaHsnacb nocre obeux obpabomok, 3a ucknyYeHueMm sumamuHa B3, ypoeeHb Komopoao bbisl CHUXEH 8
osce, npowedwem mepmudeckyro obpabomky Memodom obxxapusaHus.
Knro4deeble cnoea: nuweHo, ogec, humuHosas Kucrioma, 3amaqueaHue, 80J10KHa, Helimpanu3sayusi
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O©CIMAIKTEH XXOHE XXAHYAPOAH AJIbIHATbIH ®YHKUWOHAIAbI BUGHIMAEPAI EMAIK-
NMPOPUNAKTUKAIIBIK TAFAMOA NMAUOANAHY

AHOamna: byn wmakanada KasakcmaH PecniybnukaceiHbiH 2021-2025 Xbindapra apHasnifaH
aspoeHepkKacinmik KeweHiH dambimy ynmmbiK xobach! asicbiHO0a hyHKUUOHandblKk maram eHimoOepiH, amarn
atimkaHOa (o0neH O6albimbinFraH KalHambliFaH WYXbIK OHIMOEpIiH xacay xoHe onapldbiH maramObiK
KYHObIMbIFBIH - apmmbIpy Macesneci Kapacmbipbinadbsl. 3epmmey 6apbicbiHOa 6HiMOepdiH XUMUSIIbIK,
aMUHKbIWKbBINIObIK XXOHEe 3HepeemukarsiblK Kypambl capasiaHbin, YyHKUUOHanObIK XOHE MEeXHOI02usisibIK
Kacuemmepi mandaHdbl. QKcriepuMeHm Homuxxesnepi 6ipiHWi HycKaHbIH aKybi3, Kanbyul xaHe (00 Mesuwepi
bolibiHwa bacbiM ekeHiH kepcemmi. COHbIMEH Kamap, Makanada yHKUUOHa0bIKk 6uoeHimMAepdi eHOipyde

ISSN 2788-7995 (Print) Bectuuk Yuusepcurera [llakapuma. Texuudeckue nayku Ne 3(19) 2025 239
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 3(19) 2025


mailto:asenova.1958@mail.ru
https://doi.org/10.53360/2788-7995-2025-3(19)-27

