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Abstract

The article is devoted to rationale the need of expand the range of flour products and increase its nutritional and bi-
ological value by the whole wheat flour production. The article shows the main tasks and problems facing the modern grain
processing industry: increasing the utilization rate of grain; reducing the energy intensity of grain processing technological
process; and to expand the range of end-products with increased nutritional and biological value.

The production of whole grain flour (WGF) will allow expanding the range and increasing the nutritional value of

the finished products. Ukraine's state standards for WGF are absent today. DSTU 46.004-99 named « Wheat flour. Specifica-
tionsy applies only to high-grade flour and dark flour. The studying of Ukrainian WGF quality indicators showed that some
manufacturers are guided by DSTU 46.004-99 in the WGF production, other manufacturers control the quality of flour with
their own local specifications.

Depending on such indicators as ash and particle size, some of WGF manufacturers adhere to the principle of al-
most 100% entry of all anatomical grain components into end-products. Despite of this, the particle size may vary by the level
of the particle size of the dark flour or significantly differ from it. It depends either on the type of grinding machines (mill-
stones or roller mill) or also on the usage of additional bran grinding in the technological scheme. Other manufacturers, in
Jforming WGEF to improve its baking properties, adhere to the principle of eliminating a certain amount of shell particles (in
bran form). Such flour has an ash content much lesser comparing to the grain, but also its size depends on different structure
and modes of grinding process.

The purpose of the work is to substantiate the structure of the technological scheme and optimal modes while making
WGEF. During the research, a number of laboratory grindings of common wheat and spelta wheat into whole-grain flour were
conducted. It is established that for the production of WGF it is most expedient to use combined technological schemes with
the use of roller machines as grinding equipment on the main systems of technological process and millstones on the last
stage systems for the final grinding of intermediate products. Due to the research, it is possible to recommend a scheme con-
sisting of 3-4 roller mill systems and 1-2 millstone systems. The requirements determined for the wheat WGF particle size: top
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on sieve No. 067 — less than 2.0% and passage through sieve No. 38 — more than 50%.
Key words: whole grain wheat flour, quality indicators, particle size distribution, baking properties, manufacturing

technology, grinding systems modes.

Introduction

Currently, the grain processing industry faces a
number of urgent problems, such as: increasing the grain
utilization rate, reducing the power consumption of the
grain processing process and expanding the range of end-
products with increased nutritional and biological value.
Their solution will allow to increase the competitiveness
of local grain processing products.

The production of WGF will expand the range
and increase the nutritional value of the end-product.
However, there are still no standards for wheat WGF, so
its quality indicators at local market fluctuate widely.

Literary review

Traditional milling process of cereals is based
on the gradual grinding of grain and the mechanical dis-
tribution of its three main parts — endosperm, embryo and
shells. They differ significantly in their physical and me-
chanical properties and chemical composition. It is well
known that while separated from the endosperm mem-
branes, aleurone layer and embryo removes most of the
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vitamins, proteins and minerals. While using traditional
grain grinding schemes, valuable micronutrients are re-
moved. That greatly reduces the flour and bread nutri-
tional value compared to source grain.

While making high-quality flour according to
traditional technological schemes, more than 70% of all
the power consumption is accounted by the grinding
grain process. The gradual grinding of the grain and the
removal of its endosperm is achieved by using a large
number of grinding systems. Finally, that results in sig-
nificant energy cost [1].

The production of WGF allows to reduce the
manufacturing cost of end-products and to preserve the
whole nutritional value of the grain. Compared to high-
quality wheat flour, WGF contains several times more
fiber (x 12.5), calcium (x 2.1), magnesium (x 5.8), phos-
phorus (x 3.9), iron (x 3.4), vitamin PP (x 3.7), vitamin
B1, B2 (x2.3). In addition, WGF contains vitamin E,
which is completely absent in high-grade flour. Wheat
WGF can be used in the high-nutritional bread, bakery
and pasta manufacturing [2-7].

http://grain-feed.onaft.edu.ua
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Formulation of the problem

The processing of grain into WGF is carried out
by different technologies, which differ in the type of
grinding equipment and the number of grinding systems.
Roller mills, crushers or millstones can be used as grind-
ing equipment. There is also the practice of using com-
bined technological schemes, where roller mills are used
as the main grinding equipment, and millstones or crush-
ers are involved on the latest grinding stages. WGF ob-
tained by different manufacturing technologies differs
significantly by quality indicators [8-9].

Local Ukrainian state quality standards (DSTU)
for wheat WGF are absent today. DSTU 46.004-99
«Wheat flour. Specifications» apply only to high-grade
flour and dark flour. Research of quality indicators of
Ukrainian wheat WGF showed that some manufacturers
use DSTU 46.004-99 [10] in the WGF production, other
manufacturers control the quality of the flour according
to their own specifications.

According to the ash content and particle size, a
couple of WGF manufacturers adhere to the principle of
almost 100% all anatomical grain components involving
into the end-product. The particle size can be equal to the
dark flour or significantly differ from it. It mostly de-
pends both on the type of grinding machines (millstones
or roller mills), and on the additional bran grinding in the
technological scheme. Some manufacturers prefer to ex-
clude some part of shell particles (bran) from WGF to
improve its baking properties. Thus, such flour has a
much lower ash content than in grain, but its particle size

According to the quality indexes, wheat grain of
4™ class (test weight 780 g/l, vitreous 53 %, protein con-
tent 10,4 %, gluten content 17,0 %), and spelta grain (test
weight 670 g/1, vitreous 64 %, protein content 13,5 %,
gluten content 37,0 %) were used for laboratory grain
processing into WGF.

Results of the study and their discussion

WGF was obtained from two variants of techno-
logical schemes with different modes of grinding sys-
tems. The technological scheme according to option No.
1 (grinding No. 1.1-1.4) included four break grinding
systems (B1, B2, B3, B4) on roller machines and one
grinding system (St1) on a millstone. The technological
scheme according to option No. 2 (grinding No. 2.1-2.3)
included three break grinding systems (B1, B2, B3) on
roller machines (whereby I and II break grinding systems
were carried out without intermediate sieving) and two
grinding systems (St1, St2) on a millstone.

According to the scheme option No. 1 at each of
technological system the WGF was obtained by the using
of sieves No. 1,0; 090; 080; 067; 063; 056. The overtail
products, after the sieving of the flour, were directed for
further grinding at subsequent systems. The final grind-
ing of the brans obtained at the last roller mill system
(B4) took place on a millstone (St1). Tables 1-4 show the
balances of wheat WGF laboratory grindings according
to scheme option No. 1.

In laboratory grinding No. 1.1 the following op-
erative system modes (sieve release) were maintained:

also depends on the different structure of the milling pro- ~ SRi=34%, SR;=58%, SRy =57%. Atthe final
cess and modes of grinding ma.lchmes. Table 1 — Balance of laboratory grinding No. 1.1, %
Due to the lack of unified manufac-
turing technology, the quality indicators of System || System load, % | B2 B3 B4 Stl | WGF
Ukrainian WGF presented on the local mar- Bl 100,0 66,0 34,0
ket fluctuates greatly. Therefore, the pur- B2 66,0 28.0 38,0
pose of the work is to substantiate the prin- B3 28.0 12.0 16.0
ciple of the technological scheme and opti- . - .
mal grinding modes of production of wheat B4 12,0 3,0 9.1
WGF. Stl 3,0 3,0
Total 66,0 || 28,0 | 12,0 || 3,0 100
Materials and methods
ol The ?bjeﬁt of thfi Studly Wa%vtcl}lli Table 2 — Balance of laboratory grinding No. 1.2, %
technology of wheat’ and spelta’s
production. The subject of the study is WGF spEiem | Sysism et v | 182 = . Sl G
from common wheat and from spelta wheat B1 100,0 67,9 32,1
that were obtained in the laboratory due to B2 67,9 29,8 38,1
various technological schemes. B3 29.8 17,5 12,4
Deterr.m.nanon.of organole.pnc pa- B4 17.5 13.8 3.7
rameters, humidity, whiteness, particle size,
quantity and quality of gluten in grain and Stl 13.8 13.8
flour was performed by standard determina- Total 67,9 | 29,8 | 17,5 | 13,8 100
tion procedures. The study of the baking
properties of flour was carried out using the Table 3 — Balance of laboratory grinding No. 1.3, %
dirgct metélolzi_ (evbalua;ion %f g;e flour quali- System | Systemload,% || B2 | B3 | B4 | Stl | WGF
ty by test baking bread method).
The standard method for the bread Bl 100,0 63,6 36.4
baking test [11] provides an single stage B2 63,6 15,5 48,2
method of dough preparation from flour, B3 15,5 4,0 11,5
water, baker's yeast and salt. Bread quality B4 4.0 0,6 3,5
assessment was performed according to Stl 0.6 0,6
1]))hsy;502c7h6e6n;1_08a81' indicators according to Total 63.6 | 15.5 2.0 0.6 100
18
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grinding system the maximum amount of flour was se- 330-360 cm’ , the porosity of the studied bread samples
lected. During the laboratory grinding No. 1.2 the opera- varied within 76-77 %. The worst quality had the sample t
tive modes at B3 and B4 were slightly higher than at the of flour obtained as a result of laboratory grinding No 3
previous grinding: SRy = 41 %, SRy = 21%. The load 1.4, which is also related to its particle size. S
on millstone system (Stl) at grinding No. 1.2 was 4
. . 3 Q
13.8 %. During laboratory grinding No. 1.3 low oper- Table 4 — Balance of laboratory grinding No. 1.4, % 2
ating modes of the systems were maintained: SR; = System :
36 %, SRy = 76 %, SR = 74%, SRy = 86 %. The || System | = .5 || B2 | B3 | B4 | Stl j WGF o
Boz%/at Etl at this grlpdlpg was the lqwest and equal Bl 100.0 741 25.0 3
.6 %. Laboratory grinding No. 1.4 is characterized o
by the following operation modes of the grinding B2 74,1 34,8 394 %
systems: SRI =26 %, SRH = 53%, SRIH =36 %, SRI\/ B3 34,8 22,4 12,4 &l)
= 23 %. In this grinding operation mode of B1 was B4 22.4 17,3 5,2 ~
ts}ﬁ hitghgstdgom%arirllg 4t0 othi:lr1 g;li.n(ilingts. The lo'ad (in Stl 17.3 17,3 ‘l’.’
at grinding No. 1.4 was the highest comparing to T)
other similar laboratory grindings and equal 17,3 %. Total 74,1 )| 348 )| 224 || 17,3 100 8
In the next stage, the laboratory grinding of o o
common wheat and spelta wheat grains into WGF Table 5 — Balance of laboratory grinding No. 2.1, % E
according to the scheme option No. 2. It consisted of | System [ System load, % || B3 Stl St2 WGF 2
tthee .roller mill grinding systems and two millstor.le B1+B2 100 454 13.4 412 §
grinding systems, and based on gradual-parallel grain %)
grinding. On the roller mill grinding systems, WGF B3 454 10,1 2,7 32,6
was selected by passage of flour sieves No. 38, which || Stl 10,1 10,1
provided separation of pure flour. Larger fraction [ St2 26,2 26,2
with brans in its composition was sent for further [ Total 454 | 10,1 | 26,2 100
grinding. Balances of laboratory grinding of common
wheat grain are given in Table 3-6, and for spelta Table 6 — Balance of laboratory grinding No. 2.2, % -

wheat grain — in Table 7.

For laboratory grindings the sieve release on ||_System | System load, % | B3 Stl St2 || WGF
the first two systems SRy was gradually reduced: B1+B2 100 51,2 13,4 35,4
54.6%, 48.8%, and 39.8% for grindings No. 2.1, 2.2, B3 51’2 10,8 7,8 32,6
2.3, respectively. As a result, the load on the mill-

stone systems increased and the amount of flour ob- St 10,8 108

tained from the abrasion deformation also increased. St2 32,0 32,0
There were no significant difference in mois- | Total 51,2 || 10,8 | 32,0 100

ture content, ash content and gluten content between

the obtained WGF samples (Table 8). Table 7 — Balance of laboratory grinding No. 2.3, %

Analyzing the obtained data it can be noted Svst Svstem load. © B3 St] S0 WGF
that the best sample for quality indicators and baking ysem ystem load, %

properties in the grinding scheme option No. 1 was a B1+B2 100 60,2 12.4 274
sample of whole grain flour from laboratory grinding | B3 60,2 16,6 | 10,5 33,1
No. 1.3. This is connected directly to the particle size || St] 16,6 16,6 -

of the flour: passage through the sieve No. 38 was 55 |["gip 39,5 N 39,5

%, and the top of sieve No. 067 — 1.5 %, which indi-
cates a more balanced particle size distribution. Bread
volume for samples No. 1.1-1.4 fluctuated within

Total 60,2 || 28,6 | 39,5 100

Table 8 — Quality indicators of WGF
z Crude gluten Granulatory, % Physiochemical indicators of bread
| Mois- (| Ash con-
Z é SIS, tent, I content, gluten .de- t;)iré\?él ?hisjigﬁ bread vol- o el
5 [ wu% 7 % % .formatlo.n No. 067 siove ume. om’ porosity, %| bread V031—
: index, units o ’ No. 38, % ’ ume, cm’/g
1.1 12,9 1,68 17,1 71 43 443 350 75 1,5
1.2 12,5 1,68 17,0 70 4.9 40,8 350 75 1,5
1.3 12,8 1,67 17,1 71 1,5 55,0 360 77 1,6
1.4 13,0 1,68 17,2 72 11,0 36,0 330 75 1,4
2.1 12,8 1,68 17,4 70 1,3 64,3 430 79 2,0
2.2 12,6 1,68 17,2 68 3,4 60,1 400 79 1,9
2.3 11,3 1,81 39,6 106 1,6 50,3 380 67 1,8
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The quality indicators of the common wheat
whole grain flour obtained according to the scheme op-
tion No. 2 (grinding No. 2.1 and No. 2.2) differed with a
smaller particle size of the flour: the top on sieve No. 067
was 1.3 and 3.4 %, respectively. The passage through
sieve No. 38 had 64.3 % and 60.1 %, respectively. The
obtained bread from these samples was characterized by
good baking properties, a larger bread volume of 430 and
400 cm’, and a high porosity that corresponds with simi-
lar indicator from bread made of high-grade flours.

Particle size of spelta WGF was characterized
by top on sieve No. 067 — 1.56 % and sieve No. 38 pas-
sage — 50.3 %. The content of crude gluten in the sample
was 39.6 %, gluten deformation index (GDI) = 106 units.
The high value of GDI resulted in worse baking proper-
ties compared to wheat flour obtained in the same
scheme.

Conclusion

Wheat and spelta WGF is popular among the
population of many countries in the world. Ukrainian
state standards for wheat WGF are absent for this mo-
ment. DSTU 46.004-99 «Wheat flour. Specifications»
apply only to high-grade flour and dark flour. The re-

search of technological, baking quality indicators of
wheat and spelta WGF and the indicators of baked bread
showed completely different end-results, due to different
technological approaches for its production and lack of
general normative documentation.

For the production of WGF, it is most appropri-
ate to use combined technological schemes with the us-
age of roller machines as grinding equipment on the main
systems of the technological process and millstones at
the ending systems for the final grinding of intermediate
products.

Based on the conducted researches it is advisa-
ble to use the scheme, which consists of 3-4 roller mill
grinding systems and 1-2 millstone grinding systems
with sequentially grinding. The following operative
modes of systems (passage through sieve No. 067) are
recommended: SRy = 30-40 %, SRy = 60-70 %. The
operation mode of other systems must be such as to en-
sure maximum extraction of WGF.

It was found that the particle size of wheat
WGF, which is controlled by the top on sieve No. 067,
must be not more than 2.0 %, while the passage thrrough
sieve No. 38 must be not less than 50 %.
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OBIPYHTYBAHHS TEXHOJIOI'II IEPEPOBKHU I'OJIO3EPHUX TA
IVIIBYACTHUX COPTIB HINEHUII Y HIVIBHO3EPHOBE BOPOIIHO

Anomauin
Cmammsi npucesiueHa oOIPYHMYSAHHIO HEOOXIOHOCMI POUWUPEHHS ACOPMUMEHMY OOPOUWHAHOT NPpOOYKYil ma

niosuujents it xapuosoi i 0i0n02iuHOT YIHHOCMI 34 PAXYHOK SUPOOHUYMEA YLIbHO3ePHOB8020 NUEHUYHO20 OopouHa. V
cmami OnUCani OCHOBHI 3A80AHHA MA NPOOIEeMU, WO CMOAMb nepeod CYUACHOI0 3epHonepepodHOI0 npomuciogicmio. Lle
— nidsuwjenns KoeqhiyieHma BUKOPUCTNAHHA 3EPHA, 3HUNCEHHS eHepPeOEMHOCMI MeXHONI02iYH020 npoyecy nepepooxu
3epHA 1 pO3UWUPEeHHs ACOPMUMENNTY 20MOB80T NPOOYKYIT 3 NIOGUUIEHOT0 XAPHOB80I0 | OIOA02IUHOIO YIHHICIIO.
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Bupobruymeo yinbhozepno6o2o 6opowna 003601UMb POSWUPUMU ACOPMUMEHIM MA NIOGUWUMU XAPYO8Y YiH-
Hicmb 20mo6oi npodykyii. Ane cmanoapmu Ykpainu na yintbHo3eprose nuieHuuHe 6OpouwHO Ha Cb020OHIUWHIL OeHb Gi0-
cymui. I'CTY 46.004-99 «bopowno nuwenuune. Texuiuni ymou» posnoscrooiCyiomvbCs milbku Ha OOPOUIHO COpmose
ma 066usne. Jocniodcents NOKAZHUKIE IKOCII YLTbHO3EPHOB020 NUEHUUHO20 OOPOWHA, sIKe 8UPOOIsicmbest 8 YKpaini,
noxazano, wo yacmuna nionpuemcma kepyiomuocs I'CTY 46.004-99 npu eupobnuymsi yinbnozepnogoeo bopowna, inuti
BUPOOHUKU KOHMPOTIOIOMb SIKICIb 60POWHA 34 8AACHUMY mexHiunumu ymosamu. CyO0suu 3 ROKA3HUKIG 30IbHOCME ma
KpynHocmi pad GUpOOHUKIE Npu 6UPOOHUYMEI YiTbHO3ePHOBO20 OOPOWHA OOMPUMYIOmbCs npunyuny mativice 100-
8I0COMKOB020 NOMPANTAHHA YCIX AHAMOMIYHUX CKAA00BUX 3€PHA Y 20M08Y NPOOYKYIIO, dle NpU YyboMy KpynHicms 00-
PpowHa modice Oymu Ha PIGHI KpynHocmi 006usH020 bopouiHa abo icmomHo 6i0 Hbo2o 8IOpisHaAmbCa. Le 3anedxcums 6i0
8UOY NOOPIOHIOIOYUUX MAWUH (HCOPHOBI NOCMABU YU BATILYLOGI BEPCMAMUL), A MAKONIC 8i0 3ACMOCYEAHHS Y MEXHON02IH-
Hill cxemi 000amK08020 NOOPIOHEeHHS UCIBOK a00 Hi. IHwii 6UpOOHUKU NPU POPMYBAHHI YITLHO3EPHOB020 OOPOWHA OIS
HOKPAWeHHs 1020 XAIOONEKapCbKUX BIACMUBOCMEN OOMPUMYIOMbC NPUHYUNY GUKTIOYEHHS. NeGHOT YacCmKU 000I0HKO-
BUX HACMUHOK V QU2NAOL BUCIBOK, MOMY MaKe OOPOULHO MAE 30JIbHICIMb 3HAYHO MEHULY HIJIC V 3€pHI, dle MAaKodic 1Uo2o
KPYRHICMb 3a71edcumb 810 pizHoi noo6y0oeu ma pesicumie npoyecy toeo po3merny.

Memoto pobomu 6yno o6rpynmyeants cmpykmypu mexHoi02iYHOI CXeMu ma ONMUMATbHUX DeNCUMIE 6UpPODO-
HUYMBA YiTbHO3EPHOB020 NULEHUYHO20 DOPOwHA. Y X001 00CTiddHceHb NPOBeOeHO psod A1aO0PAMOPHUX NOMENIE NuleHUYl
ma cneabmu y YiibHo3epHose 60powino. Bemanosneno, wo 0as 6upobruymea yiibHO3epHo6020 OOPOWHA HAUDITbLUU
OOYIIbHUM € 3ACMOCYB8ANHS KOMOIHOBAHUX MEXHONOLIUHUX CXeM 3 BUKOPUCHAHHAM BAIbYbOBUX GEPCAMIE 8 SIKOCMI
NOOPIOHI0I0H020 00IAOHAHHA HA OCHOBHUX CUCMEMAX MEXHOL02IYHO20 NPoyecy ma HCOPHOBO20 NOCAOY HA OCMAHHIX
cucmemax 0isk OCIMAMOYHO20 30PIOHEHHST NPOMIXCHUX npodykmie. Ha ocHo6i npogedeHux 00CaiodnceHb MONCIUBO PEKO-
MeHoysamu cxemy, siKa ckraoacmoca 3 3-4 Opanux cucmem ma 1-2 scopnosux cucmem. Bemanoeneno sumozu 0o kpyn-
HOCMI YIIbHO3EPHOB020 NUICHUYHO020 O0opowHa: 3aiuuiox Ha cumi Ne 067 ue 6invuie 2,0 % ma npoxio kpize cumo Ne 38
— ne menwe 50 %.

Knwowuosi cnosa: yinbhoszeproge nuienuyne 60pOUHO, NOKA3HUKU AKOCTI, 2DAHYIOMEemPUYHUL CKIA0, Xaibone-
KapcoKi 61ACMUBOCMI, MEXHONO2IsE BUPOOHUYMEBA, PENCUMU NOOPIOHIOIOUUX CUCTIEM.
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