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PRODUCTION OF FLAKED PRODUCTS FROM NAKED
OATS. PHYSICAL PROPERTIES OF THE FLAKES

Abstract

Flakes and instant groats products have become increasingly prolific in recent decades among groats products. The
interest of consumers in this type of groats and groats products is primarily connected to their ability to be quickly prepared
and good food and flavoring properties compared with traditional groats. Due to their balanced amino acid composition, the
presence of mucous substances unique vitamin content, most of groats can be attributed to the products of dietary and
restorative nutrition.

In the given article the existing technologies of hulled oats grain processing into groats products were analyzed. The
possibilities of using new breeding varieties of oats to improve existing technologies were analyzed. Advantages using naked
oat varieties for the production of groats and flakes were considered.

It was found that the technologically expedient moisture content of pearled naked oats groats before steaming is 17-
17.5 %. After steaming groats with this moisture yield of flaked groat estimated to range between 84,3-93,6 %.

For substantiation of modes of preparing pearled groats to flaking determining of its impact on physical properties
of the flaked groats were conducted. Flaked products obtained from naked oats characterized by high uniformity, however by
fractional composition are smaller compared with control samples. The main their percentage (about 60-70%), obtained by
overflow of sieves £/3,0 mm and £1,5 mm.

Thickness of obtained in the studied modes flaked products is in the range 0,4-1,1 mm. Flaked products obtained
from naked oats by steaming oats groats with moisture content 19.1 % by indicator of thickness characterized as flaked groats
for which the characteristic thickness is 0.7 to 0.9 mm. Mode of steaming groats at vapor pressure of 0.15 MPa with moisture
content 17.5 % allows producing flaked products which correspond by the value of thickness of the control of classical oat
flakes 0,4-0,9 mm. Decreasing moisture content of groats before steaming to 15.4 % allows producing thin flakes, values of
thickness of which in the range of 0.4-0.7 mm.

Except thickness, strength of flakes also depends on mass fraction of moisture. For flakes with higher humidity
inherent strength is greater compared to a product with low humidity. The final moisture of oat flakes is normalized by
regulations and must not exceed 12.0%.Waterheat treatment of pearled groats with further its flaking reduces the proportion
of ashes of flaked products from 1.8 to 1.5%.

Key words: flaced groats, oats, flakes, steaming, flaking, modes of processing, chemical composition.

CLEAN PRODUCTS: TECHNOLOGY AND QUALITY

Introduction

Traditionally, at groats plants being processed
include seven cereal crops: rice, millet, buckwheat, oats,
barley, corn, wheat and also one legume crop — peas. A
small proportion constitute groats food products obtained
by processing of sorghum, lentils, chickpeas and other.

Wide demands from consumers have rice,
buckwheat and oat groats and derivates from its groats
products. Flakes and instant groats products have become
increasingly prolific in recent decades among groats
products. The interest of consumers in this type of groats
and groats products is primarily connected to their ability
to be quickly prepared and good food and flavoring
properties compared with traditional groats.

The nutritional value of grain intended for food
production is defined by the chemical composition which
is characterized by containing proteins, starches, lipids,
fiber, minerals and B-glucans.

Due to their balanced amino acid composition,
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the presence of mucous substances unique vitamin con-
tent, most of groats can be attributed to the products of
dietary and restorative nutrition.

Processing of these crops involves complex en-
ergy-intensive operation in technological process. Most
types of groats and groats products have low yield and
relatively lower nutritional value compared to the unpro-
cessed grain. During dehulling and pearling operations
significant part of protein, vitamins, minerals, p-glucans
and dietary fiber which are concentrated in outer layers
are also removed [1;2].

Literary review

Over the centuries, oats (Avena sativa L.) has
been an important fodder and food crops. In the XX cen-
tury it began to gain importance for agricultural produc-
tion and processing industries.

The global industry uses oats for producing a
wide range of food products besides traditional cereal
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flakes, flour, different groats and instant cooking prod-
ucts it is additionally used in the manufacturing of beer,
oat milk, ice cream, bread, cookies, baby food products
and other high nutritive products for human [3;4;5].

Standard products of processing oats in Ukraine
are not crushed oats groat of which during further pro-
cessing produces flaked groats, flakes "Hercules",
"Pelyustkovi". Separate oat products are flakes "Extra"
and "Tolokno" (special prepared oats flour). Not crushed
oats groats are products derived from whole kernel they
are divided into grades by quantitative content of benign
and crushed kernel and presence in the product not hulled
grain. Flaked groats and all kinds of oats flakes through
the passage during their producing additional special
treatment can be referred to the instant foods.

Numbers of flakes "Extra" proportional to the
size and shape of previously prepared raw materials due
to what they have a high uniformity which is provided by
passage and overtail of defined number of sieve.
"Tolokno" by its properties are very important food
product. As stand-alone product "Tolokno" widely used
in dietary nutrition. "Tolokno" and different kinds of oat
flour due to the absence of gluten as separate products is
almost not applicable but in mixtures with wheat flour
oats flour widely used in the baking industry in the pro-
duction of bread bakery and confectionery products and
as in improver in other areas of food processing industry
[6].

At different stages of processing, especially at
the steaming stage decreases the nutritional value of
grain and accordingly products of its processing observed
decrease in the mass fraction of protein, starch, vitamins
etc. By dehulling and pearling of grain formed significant
amount of by-products as husking bran and particles of
crushed kernels (15-35 %) which are formed by external
and internal parts of the oat kernel and reduce the mass
fraction of protein, B-glucans, vitamins, minerals etc., in
aggregate with low values of a finished products allows
to speak about low efficiency of existing technologies for
production modern oriented food.

Imperfection and complexity of processing tra-
ditional varieties of oats into food products was a result
of the emergence of new, more promising for food and
processing industry naked variety of oats (Avena nuda).

The advantage of naked forms of oats is almost
total absence of hard floral hulls, which are firmly related
to the surface of the grain (20...40 % in hulled oats
forms) which greatly improve their technological proper-
ties. Naked oats grain has thin and papery hulls which are
practically completely separated in the process of har-
vesting and thrashing of the grain [6,7].

In studies conducted by R.J. Henry and P.S.
Kettlewell observed that naked varieties of oats in the
production of foodstuffs can fully replace traditional
hulled varieties. P. Peltonen-Sainio and others, compar-
ing processing of naked and hulled oats varieties showed
that due to necessity of dehulling, and other complex
operations in the technological process of processing
conventional varieties of oats is significantly more costly
than processing of naked varieties of oats [8].

Formylation of the problem
Today, the world is transitioning to less compli
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cated and more energy-efficient technologies, which al-
lows to obtain products with higher yields and nutritional
value. The basis for the creation of food with improved
properties is, as a rule, new specially grain. Among such
crops, the naked forms of barley and oats can be distin-
guished. Today the study of processes of naked varieties
of cereal crops in food products is very important for the
national grain processing industry.

Material and methods

Samples of naked oats were cultivated and har-
vested in Kirovograd region, Ukraine in 2017-2018.

Steaming of oats groat was carried out in the la-
boratory steamer of periodic action VK-30. Specially
prepared sample of the studied material was filled in the
special cartridge and placed in steamer. With help of the
intake and exhaust valves the pressure and time of steam-
ing were regulated. Groat with moisture content of 15,
17, 19 % was steamed at 0,10-0,20 MPa for 5 min and
then sent to the drying stage [9-14] .

Flaking was carried out in the laboratory mill
«Nagemay which includes a roller mill with two pairs of
rollers 150 mm length and 220 mm in diameter. Working
gap set 0.3-0.5 mm.

Drying of the flaked groats after flaking were
carried out in the laboratory dryer which works on a "flu-
idized bed". Mode of operation of the dryer (degree of
removal of excessive moisture) was regulated by temper-
ature changes drying agent (air) and time of the grain
location in the working area of the dryer. Groat and
flakes were dried to a moisture content of 14 %.

Results of the study and their discussion

For substantiation of processing modes of
pearled groats from naked oats into flakes necessary to
determine the effect modes of water heat treatment on
yield and quality of flaked products.

The results of research of influence intensity of
water heat treatment modes and steaming on yield of
flaked groat are presented in table 1 and figure 1.

It was found that the technologically expedient
moisture content of pearled naked oats groats before
steaming is 17-17.5 %. After steaming groats with this
moisture yield of flaked groat estimated to range between
84,3-93,6 %. According to the preliminary organoleptic
assessment flaked product obtained by this mode de-
scribed as flakes.

Table 1 — Influence of modes of water heat treatment
and steaming on yield of flaked groats

Moisture, %
15,4 17,5 19,1

Yield of fraction, %

The vapor pressure of 0.10 MPa

Flaked groats 83,4 89,4 89,2

Husking bran 16,6 10,6 10,8

The vapor pressure of 0.20 MPa

Flaked groats 87,0 93,1 93,4

Husking bran 13,0 6,9 6,6
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Decreasing moisture content of pearled groat to
15.4 % does not allow to change of physico-chemical and
technological properties in full volume which is indicated
by significant amount of husking ban which formed by
flaking. Significant amount of husking ban indicates in-
sufficient plastic properties of pearled groats. In addition,
by flaking of pearled groats prepared at this mode from
flakes breaking away parts and the end product is charac-
terized by asymmetric shape. Increasing humidity to
19.1% allows increasing the yield of flaked groats how-
ever excessive humidity of groats before steaming results
in strengthening of groats and losses of its plastic proper-
ties so flakes obtained in this mode for organoleptic as-
sessment and character the surface are flaked groats.

It was found that the technologically expedient
moisture content of pearled naked oats groats before
steaming is 17-17.5 %. After steaming groats with this
moisture yield of flaked groat estimated to range between
84,3-93,6 %. According to the preliminary organoleptic
assessment flaked product obtained by this mode de-
scribed as flakes.

Decreasing moisture content of pearled groat to
15.4 % does not allow to change of physico-chemical and
technological properties in full volume which is indicated
by significant amount of husking ban which formed by
flaking. Significant amount of husking ban indicates in-
sufficient plastic properties of pearled groats. In addition,
by flaking of pearled groats prepared at this mode from
flakes breaking away parts and the end product is charac-
terized by asymmetric shape. Increasing humidity to
19.1% allows increasing the yield of flaked groats how-
ever excessive humidity of groats before steaming results
in strengthening of groats and losses of its plastic proper-
ties so flakes obtained in this mode for organoleptic as-
sessment and character the surface are flaked groats.

In the application of the recommended modes of
preparing pearled groats to flaking yield of flaked prod-
ucts at 1.7-1.9 times higher than yield of flakes obtained
from hulled oat which indicates the high potential of in-
vestigated naked oats variety "Salomon" for the produc-
tion of cereal flakes.

For substantiation of modes of preparing pearled
groats to flaking determining of its impact on physical
properties of the flaked groats were conducted. Quality
of oat flakes except nutritional value, also evaluate by
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physical properties which include geometric characteris-
tics and strength.

The strength and thickness are interrelated pa-
rameters - flakes with less thickness are usually charac-
terized by low strength and at different stages of techno-
logical process are able to destruction that increases pro-
portion of husking bran and reduces the nutritional value
of the product.

Traditionally cereal flakes made from different
types of crops characterized by thickness 0,2-1,0 mm.
For oats flaked products characteristic values of the
thickness is of up to 0.5 mm for flakes "Hercules" and
0.7-0.9 mm gor flaked groats. Except thickness, strength
of flakes also depends on mass fraction of moisture. For
flakes with higher humidity inherent strength is greater
compared to a product with low humidity. The final
moisture of oat flakes is normalized by regulations and
must not exceed 12.0%.

Fractional composition of flakes depends on the
size characteristics of processed raw materials. Techno-
logical process of processing oats flakes "Extra" provides
special cutting operations of groats which allows obtain-
ing three numbers flakes for particle size. For flakes
"Hercules" and "Pelyustkovi» which are not divided into
numbers and produced from whole groats characteristic
are greater dimensional characteristics of the finished
product.

Flaked products obtained from naked oats char-
acterized by high uniformity, however by fractional
composition are smaller compared with control samples
(fig. 2, fig. 3). The main their percentage (about 60-
70%), obtained by overflow of sieves & 3,0 mm and
& 1,5 mm. Closest to control samples are flaked products
obtained by steaming of groats from preliminary mois-
ture content 17.5% (duration of steaming 180-300 s). In
this mode the amount of flakes obtained by overflow of
sieves & 6,0 mm and & 3,0 mm include 78-80 %. The
proportion of small fraction obtained by overflow of
sieve & 1,5 mm include 18-19 %. Flaked products ob-
tained from naked oats by steaming oats groats with
moisture content 19.1 % characterized by fractional
composition characteristic for classical flaked groats.

Thickness of obtained in the studied modes
flaked products is in the range 0,4-1,1 mm. Flaked prod-
ucts obtained from naked oats by steaming oats groats

90
80

70
60

50

40

30

20
10

0
60 120

B flaced groats

180 240 300

B particles of crushed groats

Fig 1. — Influence of moaes or water neat treatment and steaming on yield or Tlaked groats, P=u,15 MPa, W=17,5 %

19

http://grain-feed.onaft.edu.ua



3epHoBi mpoaykTH i kombikopmu, Vol.20, 1.1 / 2020

a)

b)

Fig 2. —General view of fractions of flaked oat products (P=0,15 MITa, W=17,5 %, t=180 s):
a) large; b) medium; c) small

with moisture content 19.1 % by indicator of thickness
characterized as flaked groats for which the characteristic
thickness is 0.7 to 0.9 mm. Mode of steaming groats at
vapor pressure of 0.15 MPa with moisture content 17.5%
allows producing flaked products which correspond by
the value of thickness of the control of classical oat
flakes 0,4-0,9 mm. Decreasing moisture content of groats
before steaming to 15.4 % allows producing thin flakes,
values of thickness of which in the range of 0.4-0.7 mm.

Greatest strength are characterized rolled
products obtained by steaming of groats with the previ-
ous moisture content 19.1% which are characterized the
largest thickness. Flaked products produced during
steaming groats with the previous moisture content
17.5% characterized by strength characteristic for control
samples of oat flakes.

Based on obtained data it can be concluded that
regulation modes of water heat treatment of groats and
duration of steaming by processing of naked oats is pos-
sible receive two types of flaked products - flakes and
flaked groat which by their physical properties are close
to classical flaked oat products.

At the next stage of research effect of the
studied modes of water heat treatment on changing
chemical composition of flaked products were deter-
mined. The most important components of the chemical
composition that formed nutritional value of the product
- the mass fraction of ash, protein, starch, fat, f-glucans
and vitamins were determined. As a control samples used
oats flakes "Super Hercules Nel», made by TM
“Dobrodija” (Control 1) and flakes “Extra” made by TM
“Hercules” (Control 2).

b)
Fig 3. —General view of fractions of flaked oat products (P=0,15 MIIa, W=19,1 %, t=180 s):
a) large; b) medium; c) small
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Analysis of literature data shows that depending
on the method of treatment and appointment ash values
in oat flakes may vary in the range of 1.54 to 2.03% In
our country, according to current regulations indicator of
ash content of traditional oat flakes "Hercules" and
"Pelyustkovi» is guarantee and depending on product
limited and is not more than 1.9% for "Pelyustkovi» and
2.1 % for "Hercules". Ash content of classical flakes
produced in plant conditions is located in regulated by
standard range and include 1,7 % for "Super Hercules
Nely and 1.8 % for flakes “Extra”.

Water heat treatment of pearled groats with
further its flaking reduces the proportion of ashes of
flaked products from 1.8 to 1.5%. The ash content of
samples obtained by flaking pearled groats with initial
moisture content 17% and 19 steamed with vapor pres-
sure of 0.15 MPa include 1.6-1.8% which is located
within values of ash in classical flakes therefore the use
of these modes of steaming allows to produce flakes
from naked oats with mass fraction of ash which regulat-
ed by standard.

By this mode of preparation pearled groats to
flaking mass fraction of protein in flaked products in-
clude 11,7- 13,2% fat - 6,0-6,3% starch - from 58-62%,
B-glucans - 5,1-5,7%, vitamin B1 - 0,52-0,55 mg / 100 g,
B2 -0,12-0,15mg/ 100 g.

Conclusion
Defined mode of processing allows producing
flaked products during further processing of pearled
groats which are characterized by regulated ash content
and by content of other biologically active substances
match to traditional products made from hulled grains.
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BUPOBHULTBO IVIIOIIEHUX ITPOAYKTIB 3 I'OJTO3EPHOI'O BIBCA.
PI3UYHI BJIACTUBOCTI IVIACTIBIIB

Anomauisn

IInacmieyi ma npoOdykmu weuoKko20 NPUSOMYaAKHA 3 KPYN 6 OCIAHHI 0eCAmUunimms éce Oinbuie Kopucmyomao-
cs nonumom. Inmepec cnodcusauis 00 ybo2o 6udy Kpynu ma npooykyii e3azani nos'szanuil, Hacamnepeo, 3 ix 30amuic-
MI0 WEUOKO 20MYBAMUCL MA 00OPUMU XAPHOBUMU, ThA CMAKOBUMU 61ACIMUBOCAMU NOPIGHAHHO 3 MPAOUYIUHUMU KDY-
namu. 3a60aKu 30A1AHCOBAHOMY AMIHOKUCIOMHOMY CKAAOY, HAABHOCMI 6a2amboX 8iMaminig y ckaadi Oinbuwicms Kpyn
MOHCHA 8IOHECmU 00 NPOOYKMIE DYHKYIOHAILHO2O XaPYY8AHHS, W0 pobums ix OinbuL 3ampedysanumil.

B oaniti cmammi npoananizoeani icnyroui mexnonoeii nepepodxu 3epua sigca y kpyny. Bynu npoananizosani
MOICIUBOCII BUKOPUCIANHSA HOBUX COPMIG 6i6CA 015 0OCKOHANEHHS ICHYIOUUX MexHOoNo2iu. Pozenanymo nepegacu
BUKOPUCMAHHSL 20]I03EPHUX COPMIE GI6CA OISl BUPOOHUYMBA KPYN Md NAACMIGYIE.

Bcmanosneno, wo mexnono2iuno 0OYinbHa Yacmka 60j102u 6 WNiho6anomy A0pi 20103epHO20 8i6ca nepeo
nponapioeanuam cmanosums 17-17,5%. Ilicia nponaproganus Kpynu 3 yicio 80102icmio NAACMIBYI 8UXIO NIIOWEHO20
s0pa ckaadae 8 medxcax 84,3-93,6%.

Hns o6rpynmyeanns pesxcumy BTO npogoounu usnauenus 1020 6nausy Ha Qizuuni 61acmueocmi ompumaHux
O00CIOACYBAHUX PEANCUMAX NIIOULCHUX NPOOYKMIS.

Inroweni npodykmu ompumani i3 20J103epHO20 GI6CA XAPAKMEPUZYVIOMbCSL GUCOKOK GUPIBHSHICTNIO, 0OHAK 34
@pakyitinum ckradom € Oinbur OpiGHIWUMU 8 NOPIGHAHHI 3 KOHmMpoabHUMU 3paskamu. Ocroena ix uacmka (60-70 %)
ompumana cxooamu cum 23,0 mm ma & 1,5 mm.

Toswuna ompumanux npu 0ocrioxcysanux pexcumax BTO nuowenux npodykmie snaxooumucs y mesicax 0,4-
1,1 mm. ITnroweni npodykmu ompumani i3 kKpynu nponaperoi 3 eonozicmio 19,1 % 3a nOKazHUKOM MOSUWUHU XaPaKm e-

2 1 http://grain-feed.onaft.edu.ua
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PU3VIOmsbCs AK naouena Kkpyna 01 axoi xapakmeproro mosuwjuroro € 0,7-0,9 mm. Peswcum nponapiosanus Kpynu npu
mucky napu 0,15 MIla i3 éonozicmio 17,5 % 0o03801s€ eupobasmu nawouwjeHi npooyKkmu, sAKi 3a 3HAYEHHAM MOBUJUHU
8i0N08i0aOMb KOHMPOILHUM 3PA3KAM KAACUYHUX 8igcanux naacmisyis 0,4-0,9 mm. 3menwenns eonozocmi kpynu nepeo
nponaprogauuam 00 15,4 % 0o38o1s€ 8upobIamuU MOHKI NAACMIBYI, 3HAYEHHA MOBUWUHU AKUX TEHCUTNL Y MeHcax
0,4-0,7 mm.

OKpim mosuwuHu, MiYHICMb 3ePHOBUX NAACMIBYIB 3ANEAHCUTND 8I0 MACOBOI YacmKu eonozu. J{nsa niacmisyi i3 Oi-
JIBWUOIO 80JI02ICMIO NPUMAMAHHUM € OLIbUA MIYHICMb 8 NOPIGHAHHI I3 NPOOYKMOM 3 HU3bKOI0 onozicmio. Kinyesa 6o-
Jl02icmb GIBCAHUX NIACMIBYIE HOPMYEMBCA pe2NaMeHmoM i He nogunna nepesuwyeamu 12,0 %.

Knwowuoei cnosa: nuowene s0po, osec, niacmisyi, NPONApiOGaHHs, TYWeEHHS, PedCUMU nepepooru, XimiuHuil

cKaao.
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