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FLOUR QUALITY STABILIZATION AT A LOW
PRODUCTIVITY MILL

Abstract

The article provides an analysis of the quality indicators of wheat flour and their stabilization with the help of enzyme
preparations. 12 samples of industrially milled flour produced at a mill with a productivity of 70 tons per day were studied. It was
established that the Whiteness indicator in the studied flour samples was stable and averaged 57 units. According to the gluten
content and gluten deformation index, the studied samples were stable and met the requirements of regulatory and technical
documentation. The largest fluctuations were noted for the Falling Number indicator. The Falling Number indicator in the studied
flour varied from 309 s to 477 s. To stabilize the quality of finished products, the FN indicator in flour was adjusted by adding the
enzyme preparation "Amilorizine". Addition of Amilorizine did not change the whiteness of the flour, the gluten content and its
elastic properties. However, the indicator of the Falling Number in flour varied inversely proportionally depending on the amount of
the added enzyme preparation. Addition of Amilorizine in the amount of 0.03 % reduced the Falling Number by 15-18 s, 0.06 % — by
30-35 s, 0.12 % — by 55-65 s. Analysis of the baking test results showed that the loaf from control samples of the flour without the
addition of the enzyme preparation had a light, pale color of the crust compared to the other samples, the crust of which acquired a
light yellow and light brown color. The addition of the enzyme preparation led to an increase in the volumetric yield of loaf. The
volume of the studied samples increased by 10-25 % at the maximum dosage of the enzyme preparation, the appearance of the
finished loaves became more attractive - the color of the crust acquired a more golden-brown color, the surface became even and
smooth. According to the results of the research, a positive effect of Amilorizine on the baking quality of flour was revealed. The use
of an enzyme preparation will allow to stabilize the Falling Number in flour with low amylolytic activity of its own enzymes without
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deterioration of other technological indicators.
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Introduction

Recently, the quality of wheat flour has been
showing a tendency to deteriorate, which is becoming a
serious problem for the baking and confectionery indus-
tries, for which flour is the main raw material. In today's
conditions, the flour milling industry faces various chal-
lenges in ensuring stable product quality, because the
properties of flour depend on many factors: wheat varie-
ty, grain growing and storage conditions, and the sophis-
tication of processing technology.

Adverse climatic conditions, such as droughts or
excessive rainfall, negatively affect the yield and chemi-
cal composition of grain. Violation of storage conditions
also causes a deterioration in its properties, in particular,
an increase in enzyme activity, which can lead to defects
in flour. Such fluctuations mean that flour produced from
different batches of grain can differ significantly in bak-
ing properties, which is critical for the stable production
of bakery and confectionery products with high and pre-
dictable consumer properties. Solving these problems
requires an integrated approach.

Literary review
Numerous studies by domestic and foreign scien-
tists have established [1-7] that the baking properties of
flour largely depend on the state of two important com-
plexes: protein-proteinase and carbohydrate-amylase.
The first affects the formation of gluten, and the second -
on the breakdown of starch during fermentation, which in
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turn determines the structure and texture of bread.

To adjust the protein-proteinase and carbohydrate-
amylase complexes and ensure the specified quality and
stability of flour properties in the technological process,
food additives or baking improvers are used. This helps
to stabilize the properties of flour and obtain a final
product with the necessary characteristics, even in the
absence of ideally high-quality raw materials. Thanks to
this technological solution, it is possible to adapt flour to
different recipes, which is important for modern industry,
which is focused on a diverse range of products and sta-
ble quality [8-10].

According to the Law of Ukraine, a food additive
is a food product that has or does not have nutritional
value, which is usually not consumed as a separate food
product and is not the main ingredient of a food product
and is added to a food product for technological purposes
in the process of production, packaging, transportation or
storage and as a result becomes an integral part of this
product.

Today, several groups of technological additives
are known, — improvers of oxidative and reductive ac-
tion, enzyme preparations, surfactants, dry wheat gluten,
etc., which facilitate the achievement of the necessary
baking properties and product stability.

To improve baking properties and stabilize certain
quality indicators of wheat flour in bread baking technol-
ogy, mainly five types of enzymes are used. Amylases
contribute to the conversion of starch into sugars and
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dextrins, oxidases provide whitening of the dough, hemi-
cellulases and proteases affect the structure of gluten:
hemicellulases improve its mechanical properties, and
proteases reduce elasticity. Lipases, acting on the gluten
framework, slow down the process of bread staling and
preserve the freshness of the crumb due to the formation
of an amylase-lipid complex [11, 12].

In many European countries, the practice of intro-
ducing enzyme preparations directly at flour milling
plants is widespread. This approach allows for more ef-
fective control of flour quality and stabilization of its
characteristics, even if the raw materials have different
properties. This solution is especially useful for industrial
production, as it allows for the effective use of wheat of
different qualities. These technological solutions make
production more flexible and less dependent on fluctua-
tions in the quality of raw materials, contributing to the
production of consistently high-quality flour. This is es-
pecially true for countries with a developed baking indus-
try, where the standards for the quality of the final prod-
uct are very high.

The Ukrainian market offers a wide range of en-
zyme preparations (EP) from Novozymes, the German
company Miihlenchemie, and Enzyme LLC.

Formulation of the problem

The purpose of the study was to analyze the quali-
ty indicators of wheat flour and their stabilization using
enzyme preparations.

The object of the study is the baking quality of
wheat flour.

The subject of the study is 12 samples of industri-
ally milled flour produced at a mill with a capacity of 70
t for day in the Kyiv region; mixtures of high-grade flour
with the enzyme preparation "Amilorizin".

Materials and methods
The gluten content and gluten deformation index
in flour were determined by manual washing according
to the GOST 27839-88 method, the Falling Number —
according to DSTU 1SO 3093:2019, the whiteness of
flour — by measuring the reflection coefficient from the

flour surface according to DSTU GOST 26361:2019.
Laboratory bread baking test was carried out according to
the GOST 27669-88 method in terms of 100 g of flour:
the amount of water and the mass of flour were deter-
mined based on the initial moisture content of the flour,
the mass of pressed yeast was 3.0 g, salt — 1.3 g, sugar —
4.0 g. Mixing of dry components (flour, salt, sugar) was
carried out in a 5-liter hook mixer with a yeast suspen-
sion with water for 3 min. During the fermentation of the
dough in a thermostat at a temperature of (31x1) °C, the
dough blanks were passed three times after 90, 150 and
180 min from the start of fermentation. The final proof-
ing of the formed blanks was carried out in baking molds
at a temperature of 32 °C and a relative humidity of 70-
85%. The end of proofing was determined by the condi-
tion and type of the dough blanks. The bread was baked
in a laboratory oven at a temperature of 220-230 °C with
mandatory humidification of the baking chamber. The
duration of bread baking was 20-25 min.

Results of the study and their discussion

The mill implemented two-grade 75% milling of
wheat grain, including high-grade flour — 55-60 %, first
grade flour — 15-20 %. The quality indicators of the stud-
ied flour samples are given in table 1.

High-grade wheat flour produced at domestic en-
terprises must meet the requirements of the industry
standard GSTU 46.004-99 “Wheat flour. Technical con-
ditions”. Among the main quality indicators by which
flour is controlled at the mills are: granularity, whiteness,
gluten content, gluten deformation index and Falling
Number.

The gluten content and gluten deformation index
affect the elasticity of the dough, allowing it to rise well
and keep its shape. Flour with a high gluten content cre-
ates a porous structure and a larger volume of finished
pastries, making it more friable. In addition, gluten helps
to retain moisture, which increases the shelf life of prod-
ucts. During the studied period, the gluten content in
flour was 25.0-25.8%, the gluten deformation index was
60-67 units, which indicates the stability of this quality
indicators.

Table 1 — Quality indicators of high-grade industrial flour

Moisture content, Whiteness, Gluten content, Gluten deformation | Falling Number,

S % un. % index, un. S
1 13.5 58 25.0 60 392
2 12.7 58 25.6 60 477
3 14.0 57 25.8 65 371
4 135 57 25.6 60 309
5 14.6 57 25.4 65 372
6 13.1 56 25.2 65 383
7 135 56 25.0 60 392
8 13.9 58 25.4 67 347
9 14.0 57 25.2 60 362
10 13.0 57 25.8 60 379
11 12.1 58 25.2 60 438
12 14.0 57 25.8 65 371
Min 125 56 25.0 60 309
Max 14.6 58 25.8 67 477
Average 13.5 57 254 62 383
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Whiteness characterizes the degree of extraction
of peripheral parts of the grain from flour during selec-
tive grinding. The higher the grade of flour, the higher
the requirements for its whiteness. According to the re-
quirements of GSTU 46.004-99, the whiteness of high-
grade flour must be at least 54 units. The whiteness indi-
cator was stable and averaged 57 units.

The Falling number indicator according to the
standard for graded wheat flour should be at least 160 s.
In all samples, the Falling Number was over 300 s, which
meets the requirements of GSTU 46.004-99, but such a
value of the FN indicates a low activity of amylolytic
enzymes, in particular amylases, which are critically im-
portant for the conversion of starch into sugars that feed
yeast. With a high Falling Number in flour, due to re-
duced enzymatic activity, the yeast does not have enough
sugars for effective fermentation, which leads to weak
dough rise and a reduced amount of carbon dioxide
formed. As a result, the finished bread loaf has a smaller
volume, a pale crust and a less pronounced taste and
aroma.

According to [10], the optimal value of the FN in-
dicator for bakery flour varies within 270-330 s. The FN
indicator in the studied flour samples varied from 309 to
477 s. To stabilize the quality of the finished product, it
is necessary to adjust the Falling Number in the flour.

The influence of the enzyme preparation Amylo-
rizin produced by Enzyme LLC on the baking properties
of flour was further investigated. The main enzyme of
Amylorizin is fungal alpha-amylase, which acts as a cata-
lyst in the process of hydrolysis of alpha-1,4-glycosidic
bonds in starch molecules. Its action contributes to a rap-
id decrease in the viscosity of gelatinized starch solu-
tions. The end products of the action of a-amylase on
starch are low-molecular soluble dextrins with a small
content of mono- and disaccharides (glucose and malt-
ose) [13].

For the research, 4 flour samples with different
values of the Falling Number were selected (table 2).
Mixing of flour with the enzyme preparation was carried

out on a laboratory mixer CHOPIN MR Mixer for 30
min. Addition of Amylorizin was carried out in an
amount of 0.03 %; 0.06 % and 0.12 % of the flour mass.
Approximate rates of addition of the enzyme preparation
for stabilization of the Falling Number in high-grade
flour were established in previous studies [14].

The addition of the enzyme Amylorizin did not
lead to a change in the whiteness of the flour, the gluten
content and its elastic properties. However, the Falling
Number indicator in the flour changed inversely propor-
tionally depending on the amount of the added prepara-
tion. The addition of Amylorizin in an amount of 0.03 %
reduced the Falling Number by 15-18 s, 0.06 % — by 30-
355, 0.12 % — by 55-65 s.

A direct method for assessing the influence of ad-
ditives on the baking properties of flour is a baking test.
Analysis of the baking test showed that the control sam-
ples of flour without the addition of the enzyme prepara-
tion had a light, pale crust color (Fig. 1), the bread crust
acquired a light yellow and light brown color after ad-
justing the FN indicator in the flour.

All bread loaf samples had a regular shape, a
smooth and even surface, developed and uniform porosi-
ty. The porosity varied within 80-85 %.

Alpha-amylase activity is directly related to the
quality of bread. The volume of bread loaf in the initial
flour samples ranged from 380 cm?® (sample 1, Falling
Number 477 s) to 470 cm3 (sample 4, Falling Number
309 s). The addition of the enzyme preparation led to an
increase in the volumetric yield of bread (Fig. 2) due to
the stabilization of the Falling Number indicator in flour.
The volume of bread increases with increasing additive
content, reaching a maximum volume at an enzyme
preparation content of 0.12 %. The increase in the vol-
ume of the studied bread samples was 10-25 %.

When adding the enzyme in the maximum amount
of 0.12 %, the appearance of the finished breads became
more attractive - the color of the crust became more
golden-brown, the surface became even and smooth.

Table 2 — Quality indicators of flour mixtures with the enzyme preparation Amylorizin
Sample C_o_ntent Whiteness, un. Gluten content, % Glute_n deformation Falling Number, s
additives, % index, un.
1 0 58 25.6 60 477
1/01 0.03 57 25.3 60 459
1/02 0.06 57 25.4 61 442
1/03 0.12 57 25.4 61 416
2 0 57 25.8 65 371
2/01 0.03 58 25.9 65 356
2/02 0.06 58 25.8 66 337
2/03 0.12 58 26.0 65 309
3 0 58 25.4 67 347
3/01 0.03 58 25.5 69 329
3/02 0.06 57 25.3 67 315
3/03 0.12 58 254 66 282
4 0 57 25.6 60 309
4/01 0.03 59 25.6 60 290
4/02 0.06 57 25.7 61 276
4/03 0.12 58 25.4 61 253
29 http://grain-feed.ontu.edu.ua
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Conclusion

According to the results of the con-
ducted studies, a positive effect of the en-
zyme preparation Amylorizin on the quali-
ty of flour was revealed. Adding the en-
zyme preparation in an amount of 0.03%
led to a decrease in the Falling Number by
15-18 s, 0.06% - by 30-35 s, 0.12% - by
55-65 s. The loaf volume increased by 10-
25% at the maximum dosage of the addi-
tive, the consumer properties of bread im-
proved. At the same time, the use of the
enzyme preparation does not have a signif-
icant effect on other technological indica-
tors of flour quality.

The use of the enzyme preparation
will allow stabilizing the Falling Number
indicator in flour with low activity of its
own enzymes without worsening other
technological indicators.
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Anomauisn

YV cmammi nasedeno pesyrbmamu OOCIIIUKEHHS 2 3paskie 60powina in0ycmpianbHo2o nomeny, supobieHo2o
Ha mauni nomyascuicmio 70 m/006. [locniocysani 3pasku 60powHa U020 Copmy Manu Maixjce cmaodiibHi NOKAZHUKU
sAKocmi: emicm KielukoguHu y bopowrHi cmanogug 25,0-25,8 %, indexc degpopmayii kietikogunu 60-67 00., binicmb 56-
58 00. Haubinbuty minaugicmes mas NOKA3HUK YUCTIO NAOIHHS, AKUL 3MIHIOBABCA Y O0CIIONCYBAHUX 3PA3KAX OOPOUHA 8i0
309 0o 477 c. [Qnsa cmabinizayii skocmi 20moeoi npodyKyii HeoOXiOHO 30ilICHUMU KOPe2y8anHs NOKAZHUKA YUCTIO NAOIH-
H y Gopowni. Y pobomi 6yno docriodiceno enaue pepmenmuoco npenapamy Aminopusun supobrnuymea TOB « Enzumy
Ha xaibonexapcoki enacmusocmi 6opouwina. Brecenna ghepmenmmnozo npenapamy e npuszseno 00 3minu 6inocmi 60po-
WHa, émicmy KIeukoguHu ma ii npyjcHux eiacmugocmei. Ilpome nokasnuk uucio nadinHa y OOopouini obepreno-
NPONOPYINHO 3MIHIOBABCS 8 3ANEHCHOCII IO KilbKocmi d00anoeo npenapamy. Jlodasanns Aminopusuny y KilbKocmi
0,03 % 3menwysano uucno nadinus na 15-18 ¢, 0,06 % — na 30-35 ¢, 0,12 % — na 55-65 c. Xni6, uneuenuit 3 KOHmpo-
JIBHUX 3pA3Kie bopouina mae ceimuuil, O1ioull Koup CKOPUHKU, NPOme NiCIs KOPUSYBAHHS YUCIA NAOIHHA Y OOPOWIHI,
CKOpUHKA XNi0a HAOYAA CEIMN0-JHCO8MO20 MA CEIMNI0-KOPUUHEB020 3a6apeienHs. AKkmusHicmos anrbga-aminazu mae
npame sionowenns 0o axocmi xiiba. 06 ’em xniba y euxionux spazkax bopowna xonueascs 6i0 380 em® (spasox 1, UIl
477 ¢) 00 470 em® (3pasox 4, I 309 c), nopucmicme sminioeanacsa ¢ medvicax 80-85 %. JJodasarnns (hepmenmmnozo npe-
napamy npu3zeeno 00 30ibueHHs 00 EMHO20 8UX00y XMiba 3a paxyHoOK cmabinizayii NOKA3HUKA YUCLo nadikHs y 60po-
wii. O0’em xniba 36in1bULy8a8CA i3 3pOCMAHHAM 8MiCHY 000ABKU, 00CALAIOYU MAKCUMATLHO20 00'emy npu ii emicmi y
kinoxocmi 0,12%. 36invwenns 06’emy docnioncysanux 3paskie xaioa cmanosuno 10-25 %. 306niwnii eueisnd comosux
Xnioyie cmag Oinbil NpUeadIUBUM — KOIIP CKOPUHKU HAOYE OiibUl 3010MUCMO-KOPUUHEB020 3a0ap6ieH s, NOBEPXHS
cmana pienolo ma 2naokoio. Bukopucmanns gepmenmnozo npenapamy 003601ume cmabinizyeamiu NOKAZHUK YUCTIO
naodinus y OOpPOwHi 3 HU3bKOI AKMUBHICMIO GACHUX (pepMmenmis 6e3 No2ipulenHsl iHUuxX MexHOI02IYHUX NOKAZHUKIG.

KirouoBi ciioBa: nuieHu4He 00pouIHO, AKicTH OOpolIHa, pepMeHTHI MpenapaT, 100aBKH, CTA0LIBHICTD,
xJidonexkapcbKki BJ1aCTHBOCTI.
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