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Modern food systems face increasing pressure to support sustainable and healthy diets, which has renewed
interest in nutrient-rich and climate-resilient crops such as millet. Despite its nutritional and functional potential,
millet remains underutilised in contemporary diets. This study aimed to assess consumer awareness of and attitudes
toward millet, willingness to incorporate it into the diet, and factors associated with its acceptance. A quantitative
cross-sectional online survey was conducted among 270 respondents in Kazakhstan using a multilingual questionnaire
in Kazakh, Russian, and English. The data were analysed using descriptive statistics. The results showed that 67.0%
of respondents always checked product ingredients, indicating considerable attention to food composition, while more
than 80% regularly consumed cereal products. At the same time, millet remained comparatively underutilised despite
generally favourable attitudes toward it: more than 70% of respondents rated millet between 8 and 10 points. In
addition, 61.1% preferred beverages containing fruit, cereal, or berry ingredients, suggesting openness to diversified
product formulations. The findings reveal a gap between positive consumer attitudes toward millet and its actual
integration into everyday diets. This suggests that nutritional awareness alone may not be sufficient to encourage
regular consumption. Sensory appeal, product familiarity, direct tasting experience, clear product information, and
availability may play an important role in supporting consumer acceptance. The findings provide practical guidance
for the development and promotion of millet-based products adapted to contemporary healthy eating practices.

Keywords: millet, consumer behaviour, healthy eating, food choice, willingness to consume,
consumer survey.
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Cospemennsle npoo06OILCMEEHHbIE CUCHEMbl UCHbIMBIGAIOM 603pacmaioujee Odaenenue, CA3AHHOE C
HeO00X00UMOCmbI0 Ofecneuenus ycmouuugozo u 300p06020 NUMAHUS, YMO 6HO6b YCUIUGAEm UHMEpPeC K
RUMAMENbHO YEHHBIM U YCIMOUYUGHIM K KIUMAMUYECKUM USMEHEHUAM KYIbMypam, makum Kak npoco. Hecmompsn
Ha 60l NUWEBOTl U YYHKYUOHAILHBLIL NOMERYUAT, BPOCO RO-NPEIHCHEMY HEOOCMAMOYHO WUPOKO RPEOCMABIEHO 6
cospemennom payuone. Llenvto 0annozo uccinedosanus a6a11ach OYEHKA 0C6E0OMAEHHOCMU ROMpPedumeIneil o npoce
U UX OMHOWEHUA K HEMY, 20MOGHOCHU GKTIOYANMb €20 8 PAUUOH, A MAaKice PaKmopos, C6A3AHHBIX C 20MOGHO CHIbIO
nompebumeneii 6ploupams u ynompeonsmo npooykmol Ha ezo ocHoge. Konuuecmeennwlii nonepeunslii onnain-
onpoc 0wl nposedén cpeou 270 pecnondenmoe ¢ Kazaxcmamne c ucnonv3oeanuem MHO20A3bIYHOU AHKEMbl HA
Ka3axcKoM, pyCCKOM U QH2IUICKOM A3bIKax. /lannvle Obliu NPOAHANUUPOBAHBI C NPUMEHEHUEM MEmo00s
onucamenwvnoii cmamucmuxu. Pezynomamut noxkazanu, umo 67,0% pecnonoenmog écezoa oopawjaiom enumanue Ha
cocmag nPoOyKmos, Umo ceUOemeibCmayem 0 3HAUUMeNbHOM GHUMAHUU K COCIABY RUL4EBbIX NPOOYKMO8, M020a
Kak 6onee 80% pezynapno nompeobnaiom 3eprogvle npooykmaul. B mo sice epemsa npoco no-npesxcnemy cpagHumenbHo
PEOKO BKNIOUAEeMCst 6 NO6CEOHEGHbII PAUUOH, XOMs €20 GOCHPUAMUE PECHOHOCHMAMU RPEUMYULeCIEEHHO
nonoxcumenvHoe: oonee 70% yuacmnurkos ouenunu npoco na 8-10 6annoe. Kpome moczo, 61,1% yuacmuukos
RPeOnouIu HARUMKU C (PPYKMOBLIMU, 3EPHOBLIMU WU A200HBIMU 000A8KAMU, YMO YKA3blGAEM HA OMKPLIMOCHLb
nompebdumeneii K 60yee pazHoooOpazuvim BPoOyKmosvim peyenmypam. Ilonyuennvie pe3yibmamol 6blA8UIU PA3PHIE
MedHcOy NOJIONHCUMEILHBIM OMHOUIeHUEM Rompedumeneii K npocy u e2o (paKkmuueckum 6KIAI0UEeHUEM 8 Roéce-
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OHEGHbLIL payuon. Imo ceudemenvcmeyenm 0 mMom, Ymo OOHOU JIUULb 0C6E0OMIIEHHOCIMU O RULEGOI YeHHOCHU
Modicem Oblmb HEOOCHAMOUYHO ONA POPMUPOGCAHUSA PecYyNAPHO20 nompebdnenun. CencopHan npueieKamenbHoOCmy,
3HAKOMCIGO ¢ NPOOYKMOM, HENOCPEOCEEHHDIIL ONbIM 0e2yCMmayull, NOHAMHAA UHPOPpMAyUs 0 nPpooyKme u ezo
O00CIMYRHOCHIL MO2YM UZPAMb GANCHYIO PONb 6 POPMUPOCAHUU 2OMOBHOCIMU Nompedumeneii KIOYaAms npoco u
npooyKkmul Ha e2o ocHose ¢ payuoH. Ilonyuennsvie dannvle umerom npaKmuueckoe 3HaueHue Oai paspadomku u
npoosudIceHUs nPoOYyKNoe Ha 0CHOGE NPOCa, AOANMUPOEAHHBIX K COEPEMEHHBIM RPUHUUNAM 300P06020 RUMAHUA.

KaioueBrble ciioBa: mpoco, noTpeduTeILCKOE MOBeeHNe, 310pPOBoe MUTaHHe, MUIEeBOH BbIOOP,
FOTOBHOCTH K MOTPe0/IeHN 10, MOTPeOUTEIbCKUIi 0IpocC.
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TAPbBI OHIM/JIEPIH KABBIVIIAY ®AKTOPJIAPBI
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(«C.Ceiidynnnn aTeingarsl Kazak arporexHukaJbIK 3epTrey yHuBepcuteTh» KeAK,
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Kaszipei azvix-mynik cyiienepinde mypakmol JHCIHe CANAYAMMbL MAMAKIMAHYObl KAMMAMACHI3 emy
Kadicemminici mapvl CUAKMbL MAAMObIK KYHOBLIbIZbL HCOAPLL JHCIHE KIUMAMMBIK 032epicmepze MO3iMoi
0aKwvLIOap2a 0ezeH Kbl3bl2yulbliblKkmsl apmmuolpyoa. Tazamovik scone QYHKYUOHANOBIK dlleyemine Kapamacmat,
mapul Kazipzi payuonoa i oe yHcemkinikmi oeneeiioe Ko10anslimaiiovl. 3epmmeyoin MaKcamvl MYmMovlHYUbLIAPObIH
mapvl mypanvt xXadapoapuvi2blH, 02aH 0€2eH KO3KAPACbIH, OHbl PAUUOH2A eHZ2i3yze OAUbIHOBIZbIH JHCIHE MmAapbl
Hezi3indez2i OHIMOepOi manoayza daiinanvicmol hakmopaapowvt 6azanay 6onovl. Kazaxcmanoa 270 pecnondoenmmin
KamulcyblMeH Ka3akK, Opbic HeoHe auliuibli mindepindei kKonminodi cayannama nezizinoe canoblx KOJ10eHer, OHNaiH -
3epmmey owcypeizindi. /[lepexmep cunammamanvlx cmamucmuka oicmepimen manoandvi. Homuowenep
pecnondenmmepoiy 67,0%-v1 mazam enimoepiniy, Kypamvina ynemi nasap ayoapamvinwvin, an 80%-oan acmamol
02HOI 0aKbIIOAPOAN IHCACAN2AN OHIMOEPOi mypaKmvl mymuolHamuiiolh Kopcemmi. Convimen Kamap mapulea 0ezeH
JHcannvl KO3Kapac oy, 6012aHbIMEH, OHbLH KYHOEIIKMI payuonoa mymulHblLy 0eH2elli CanblCmbIPMaiIbl mypoe momeHn
oonvin  Kanyoa: pecnonoenmmepoiyy, 70%-0an  acmamvr mapvinvr 8-10 o6ann  apanvizeinoa Oazanazan.
Kamuicymvinapowviy 61,1%-v1 scemic, 0an0i 0axpll Hemece HcudeK KOCnanapsl 6ap cycblnoaposl manoazau. 3epmmey
HamudIceepi MYMbIHYWbLIAPObIH MApblea 0ezeH 0N KO3KAPacbl MeH OHbl KYHOEAIKmi payuonoa HaKmsl mMymolHy
OeHzelli apacvlHoa anuiaKkmolk, 0ap ekenin kopcemmi. byn mazamovlx KYHObUIBIK MYPAibl Xa0apoapiavlKmosly 03i
mypaKmol mymolHyObl KAJIbINMACMbIPY YUIIH JHCemKIIIKCi3 001ybl MYMKIH eKeHiH Kopcemeodi. OHIMHIY CeHCOPIbIK
mapmoimobLIbIZbl, OHLIMEH HAHBLICHBIK, 0€ZYCMAYUIbIK Madcipude, oHiM mypanvl myciHikmi aknapam icaHe
KOJ1oIcemimoinik mapvt MeH mapvl He2i3indezi oHiMOepOi payuonza enzizyze OablHObIKKA bIKRAT emyi MYMKiH.
Anvin2an namuodicenep canayammosl MAMAKMAny Kazuoammapulua caukec mapul ne2izindezi onimoep i azipney sncone
inecepinemy yuwiin npaKmuKaaIblK Manvl3ed ue.

Heri3ri ce3nep: Tapbl, TYTHIHYIIBLIBIK MiHe3-KYJIbIK, CAJayaTThl TaMaKTaHy, TaraM TaHaay,
TYTbIHYFa JalbIHIBIK, TYTHIHYIIBLIAP CayaIHAMACHI.

Introduction its short growing season, strong tolerance to

In recent decades, global food systems have drought and heat, and low soil fertility
come under increasing pressure from climate requirements. These agronomic traits make millet
change, water scarcity, and the need to ensure food a promising option for sustainable agri-food
security for a growing population [1]. In this systems, particularly under conditions of climate
context, crops capable of maintaining stable yields variability and limited water availability [2, 3].
under adverse environmental conditions are of In addition to its resilience to environmental
particular importance. Millets, a group of small- stress, millet offers notable nutritional and functional
grained cereals, have attracted growing attention benefits. The grains are rich in dietary fibre, plant
due to their adaptability to arid and semi-arid protein, B vitamins, and a range of macro- and
environments [2]. micronutrients, including iron, magnesium, and zinc

One representative of this group is common [4, 5]. They also contain various bioactive
millet (Panicum miliaceum L.), a crop known for compounds, such as phenolic compounds and
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antioxidants, which may contribute to the prevention
of chronic non-communicable diseases [3].
Moreover, millet-based products typically have a
relatively low glycaemic index, making them a
promising component of functional and dietary
nutrition [4, 6].

Despite their well-recognised benefits,
millets remain under-represented in modern diets
in many countries. This is often linked to limited
consumer awareness and established dietary habits,
as well as structural constraints such as limited
product availability and diversification, which
restrict their wider market integration [7].

In Kazakhstan, millet has a long-standing
tradition in national cuisine and is used in dishes
such as tary, talkan, zhent and maisok [8].
However, in modern urban food environments, the
range of industrially produced millet-based
products remains limited, potentially constraining
its broader consumption. Against this background,
it is important to examine consumer perceptions of
millet, awareness of its nutritional value, and the
factors associated with its inclusion in everyday
diets [9]. Although millet is generally recognised
for its nutritional and cultural value, positive
perceptions do not necessarily translate into regular
consumption. Therefore, a better understanding of
the relationship between favourable attitudes
toward millet and its actual consumption is
particularly relevant in the context of Kazakhstan.
This study aimed to assess consumers’ awareness
of and attitudes toward millet, their willingness to
incorporate it into their diets, and the factors
associated with its acceptance and consumption.
Data were collected through a multilingual
questionnaire (Kazakh, Russian, and English),
facilitating broader participation across different
language groups.

Materials and research methods

The study was conducted as a quantitative
descriptive cross-sectional online survey aimed at
examining consumers’ awareness, attitudes, and
preferences regarding millet (tary) as a component
of a healthy diet and a potential ingredient in
functional foods. A total of 270 respondents from
Kazakhstan participated in the survey.

Data were collected using a structured
questionnaire comprising 14 closed-ended and semi-
closed-ended questions covering respondents’
demographic characteristics, perceptions of healthy
eating, factors considered when choosing food
products, cereal consumption patterns, attitudes
toward millet, and willingness to try millet-based
products.

70

To ensure the survey was accessible to
different language groups, the questionnaire was
prepared in three languages: Kazakh, Russian and
English. Participants were recruited using a non-
probability convenience sampling approach. Data
collection was carried out online using the Google
Forms platform. The electronic questionnaire link
was distributed through WhatsApp groups and
Telegram channels. The survey was conducted
from 26 June to 9 July 2025.

The sample was not designed to be statistically
representative of the entire population of Kazakhstan.
Therefore, the results should be interpreted as
descriptive patterns within the surveyed group rather
than as population-level estimates. The online format
may also have influenced the composition of the
sample by favouring respondents with regular access
to digital technologies.

Before analysis, the dataset was screened for
duplicate and incomplete questionnaires, which were
removed to improve overall data quality. The cleaned
responses were transferred to Microsoft Excel and
processed in IBM SPSS Statistics 26.0. Descriptive
statistics, including frequencies and percentages,
were used to summarise response distributions and
identify the main patterns in consumer attitudes and
food-choice behaviour. As the analysis was
descriptive, no inferential statistical analyses were
performed, and no causal relationships between
respondent characteristics and millet acceptance were
assessed. Participation in the survey was voluntary,
and all respondents were informed in advance about
the purpose of the study and the conditions of
participation. The survey was conducted
anonymously and did not collect names, e-mail
addresses, telephone numbers, or other direct
personal identifiers. Formal ethics committee
approval was not obtained for this study.

Results and their discussion

Based on responses from 270 participants,
the survey examined dietary attitudes, the factors
considered when making food choices, and
perceptions of cereals, including millet. Alongside
socio-demographic characteristics, the analysis
considered views on healthy eating, food
consumption patterns, and the role of millet within
the broader context of functional foods.

Respondents aged 31-40 made up the largest
group in the sample. By comparison, 49
participants were aged 19-30, 47 were aged 41-50,
and 74 were aged 50 and above. This age profile
suggests a stronger representation of middle-aged
and older adults, which is important to bear in mind
when interpreting responses related to dietary
practices.
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Table 1. Age profile of the respondents

Age group n %

19-30 49 18.1
31-40 100 37.0
41-50 47 17.4
50+ 74 27.4
Total 270 100

Most respondents were employed, while 47
participants were unemployed and all other social
categories together made up only about 7% of the
sample. As a result, the findings largely reflect the
views and behaviours of economically active
individuals. This sample composition should
therefore be considered when interpreting the
findings.

For most respondents, healthy eating was
not linked to just one idea, but rather to a
combination of dietary principles. A balanced diet
was the most common interpretation (37.4%),
followed by regular and moderate eating habits
(29.3%). Another 24.4% associated healthy eating
with a combination of all the listed factors, whereas
only 8.9% placed particular emphasis on reducing
the consumption of animal-based products. These
responses indicate that healthy eating was most
commonly understood in terms of dietary balance
and regular, moderate food consumption.

When choosing food products, respondents
focused on a combination of several characteristics
rather than a single dominant attribute. The most

17.0

67.0

Figure 1. Attention to product ingredients (%).

g

7.8
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common combination was «price, quality,
expiration date» chosen by 30.7% of respondents.
A nearly identical share of participants (29.6%)
preferred the combination «safety, expiration date,
quality». Another 27.0% of respondents reported
the combination «quality, price, nutritional valuey,
while 12.6% selected «nutritional value, quality,
manufacturer». Across all response categories,
product quality emerged as a common criterion,
while other considerations varied according to
consumer priorities. These findings indicate that
respondents also paid considerable attention to
product composition and nutritional information.

Overall, 67.0% of respondents reported
always checking product ingredients, while a
further 17.0% did so when time permitted. The
remaining 15.9% did not pay attention to product
ingredients, relied on a trusted producer, or
reported not consuming processed foods (Figure
1). These findings support the importance of clear
and accessible labelling in consumer food-choice
decisions [9, 10].

= | buy from a trusted producer,
so | do not pay attention

| don’t consume processed
foods
No, | don't pay attention

Yes, always

Yes, if | have time
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The results show that 38.9% of
respondents prefer drinks without additives,
while 61.1% favour products with fruit, cereal,
or berry ingredients, indicating interest in both
basic and flavoured options. Together with the
observed preference for fruit and cereal-based
flavours and the regular consumption of cereals,
these findings point to strong potential for
developing innovative fermented drinks.

Cereals are a regular part of respondents’ diets:
29.6% consume them daily, while more than half do
so several times a week. These findings suggest that
more than 80% of respondents regularly consume
cereal products, indicating frequent cereal
consumption within the surveyed group (Figure 2).
However, this consumption pattern is strongly
dominated by traditional crops such as rice, oats, and
buckwheat, while millet remains comparatively
underutilised, suggesting a gap between its nutritional
potential and actual dietary practice.

= 2-3 times a month

= About twice a week

= Never, | don't like them
Yes, 3—4 times a week

= Yes, daily

Figure 2. Frequency of cereal consumption among respondents (%)

Despite the relatively low frequency of
millet consumption, respondents  generally
expressed favourable attitudes toward millet: more
than 70% rated it between 8 and 10 points, and 142
participants gave it the highest possible score. This
contrast between favourable attitudes and limited
actual consumption represents one of the key
findings of the study.

The results suggest an attitude—consumption
gap: respondents may have favourable perceptions
of millet and recognise its nutritional value, yet this
positive perception does not necessarily translate
into regular dietary use. Similar patterns have been
reported in previous studies, where limited
awareness, habitual dietary practices, insufficient
product diversification, sensory appeal, familiarity,
and perceived product attributes were identified as
important factors shaping the acceptance of millet-
based and functional foods [7, 11-14].

This indicates that consumer acceptance
should not be interpreted solely in terms of
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awareness or favourable attitudes. Familiarity with
the product, sensory appeal, opportunities for
tasting, and the availability of convenient and
attractive millet-based products may also be
relevant to the transition from positive perception
to actual consumption. Studies on food labelling
further indicate that clear and accessible product
information can contribute to consumer trust and
food-choice decisions [9, 10].

From this perspective, tastings and product
exposure may be particularly important because
they provide direct sensory experience and reduce
uncertainty toward less frequently consumed
foods. Thus, the wider adoption of millet-based
products may depend not only on communicating
their nutritional value, but also on developing
products that are appealing in taste, texture, and
format and that can be easily incorporated into
everyday eating practices.

Similar patterns can be observed in
Kazakhstan. Millet has a long-standing cultural and
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dietary presence in the country, yet its use in
contemporary food products remains relatively
limited. The present findings add a consumer-level
perspective to this context by showing that
favourable attitudes toward millet may coexist with
limited regular consumption. Thus, in the
Kazakhstani setting, familiarity with millet as a
traditional food does not necessarily translate into
its consistent use in modern dietary practices.

Previous studies conducted in Kazakhstan
have highlighted the nutritional and technological
potential of millet and the growing interest in
cereal-based functional products [15]. The present
study complements these findings by focusing on
consumer perceptions and food-choice behaviour.
Taken together, the results suggest that wider
adoption of millet-based foods may require not
only technological product development, but also
greater attention to sensory appeal, product format,
accessibility, and consumer experience.

Several limitations should be considered when
interpreting the findings. First, employed respondents
accounted for approximately 75% of the sample,
which limits the social diversity of the surveyed
group and may have influenced the observed food-
choice patterns. Second, the use of an online
questionnaire may have favoured individuals with
regular access to digital technologies and greater
digital literacy. In addition, the sample was not
designed to provide nationally representative
estimates for the population of Kazakhstan.
Consequently, the findings should be interpreted as
descriptive patterns within the surveyed group.
Future studies using broader and more balanced
sampling strategies would help assess whether these
patterns are consistent across different socio-
demographic groups.

The practical implications of the findings
can be directly linked to the observed consumer
responses. Since 67.0% of respondents reported
always checking product ingredients, clear and
accessible  product information should be
considered an important element in the
development and presentation of millet-based
foods. In addition, 61.1% of respondents preferred
beverages containing fruit, cereal, or berry
ingredients, suggesting that diversified product
formulations may increase consumer interest. At
the same time, the observed gap between
favourable attitudes toward millet and its relatively
limited regular consumption indicates that positive
perceptions alone may not be sufficient to
encourage habitual use. Therefore, opportunities
for tasting and direct product experience, together
with sensory appeal and product availability, may
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help support the transition from interest to actual
consumption. These findings suggest that
successful promotion of millet-based products
should combine clear communication of their
nutritional value with attractive sensory charac-

teristics, convenient product formats, and
opportunities for consumer exposure.
Overall, millet-based products show

considerable potential. However, their successful
introduction depends on combining nutritional and
functional value with sensory appeal, product

accessibility, and clear communication with
consumers.
Conclusion

The findings show that millet (tary) can be
seen not only as a traditional product, but also as a
promising part of a modern healthy diet. Although it
is still consumed at relatively low levels, respondents’
interest in healthy eating and their attention to product
composition create a solid basis for the wider
introduction of millet-based products.

A key challenge appears to be translating
favourable attitudes toward millet into more regular
consumption. In practice, this suggests that sensory
appeal, product availability, and clear communication
of nutritional benefits may be particularly important,
as they may help reduce uncertainty and encourage
consumers to try new products.

In general, the results point to the need for a
more integrated approach that combines product
development, sensory quality, and effective
communication with consumers. The findings can
support both the development and promotion of
millet-based functional products, as well as
educational initiatives aimed at improving
awareness of their nutritional value among
different population groups.
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