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INFLUENCE OF HEMP SEED PROCESSING PRODUCTS
ON STRUCTURAL AND MECHANICAL PROPERTIES
OF DOUGH

Abstract

The assortment of bread and bakery products on the market of Ukraine mostly has a low nutritional and biological value.
Promising raw materials for enriching bread and bakery products are hemp seed processing products, namely hemp flour, hemp
protein and kernels. The quality of hemp seed processing products and their influence on the structural and mechanical properties of
the dough using these products were investigated. As a result of determining the granulometric composition of hemp protein, it was
established that the largest content of 39.55% of particles with a size of 100.0...200.0 microns, at the same time, the diameter of the
particles of hemp flour is greater than that of hemp protein and reaches a maximum of 2500 microns. It was established that com-
pared to the control sample, the introduction of hemp processing products reduces the amount of raw gluten from 4.64 to 6.7%, its
hydration capacity by 21% to 40%, stretchability, increases its elasticity from 18.4 to 26.5% . The gluten quality of all test samples,
depending on the color, elasticity and stretchability, corresponds to the Il quality group. As a result of deciphering farinograms, it
was established that the stability of dough with hemp flour and protein decreases by 1.5 and 6 minutes, respectively. Alveograms
showed that samples with hemp products have a lower extensibility index than the control sample and, accordingly, a higher P/L
ratio. The strength of the flour, respectively, is the highest in the control sample, which is 239 a.u., in the samples with the replace-
ment of 10% wheat flour for hemp and 15% wheat flour for hemp protein by 70 and 104 a.u. less than the control. In the course of
the study, it was established that the specific volume of the dough and the blurring of the dough ball with the addition of hemp pro-
cessing products decreases. Based on the results of determining the viscosity of the experimental dough samples, it was found that
the control sample has the lowest shear stress, and therefore the lowest viscosity, compared to the samples dough with the introduc-
tion of hemp products.

Key words: bread, hemp, flour, protein, core, dough.

Introduction ing hemp seed processing products in food products [8].
Bread and bakery products are among the main The use of hemp flour in the production of bis-
products consumed by the Ukrainian population. The cuits has been investigated [9].
consumption of bread by Ukrainians significantly ex- Hemp seeds, which are ready for consumption
ceeds the norm set out in the ‘consumer basket” of 101 and use in food preparation, are kernels that have been
kg per person per year, or 277 g per day [1]. peeled from their shells. They have a nutty and vegetable
However, despite their popularity, most bakery flavour and have a positive effect on the human body,
products on the Ukrainian market have low nutritional especially the gastrointestinal tract.
and biological value. Consumption of such products does Hemp kernels are a source of omega-6 and
not provide the body with important macro- and micro- omega-3 polyunsaturated fatty acids (30% of total calo-
elements, vitamins, minerals, essential amino acids, etc. ries) and proteins (25%). The combination of these sub-

Traditional bread formulations contain insufficient stances contributes to a long-term feeling of satiety and
amounts of these important elements, which reduces their reduces the risk of overeating and cravings for unhealthy
health benefits [2]. fats and carbohydrates. Whole hemp seeds are a source

The solution to the problem of low nutritional of soluble (20%) and insoluble fibre (80%). Soluble fibre
and biological value of bread and bakery products is to promotes the digestion of beneficial digestive bacteria,
expand the range by using non-traditional types of plant reduces blood sugar and regulates cholesterol levels. In-

materials and enriching traditional recipes with them [3]. soluble fibre helps food and waste pass through the intes-
tines.
Literary review Classic hemp oil is made from hemp seeds by
Scientists from around the world are conducting cold pressing. It does not contain any psychoactive sub-
research on enriching bread recipes with non-traditional stances. In Ukraine, working with hemp inflorescences is
raw materials: seaweed [4], dietary fibre from rice bran prohibited by law, so CBD oil is not produced.
[5], fruits and vegetables [6], etc. Hemp oil contains (%) 5.8-9.9 palmitic, 1.7-5.6
One of the most promising types of raw materi- stearic, 6-16 oleic, 36-50 linoleic, 15-28 linolenic acids
als for improving the nutritional and biological value of [10].
bread and bakery products may be hemp seed processing Hemp oil contains linoleic acid, which helps to
products [7]. reduce the level of unwanted cholesterol. This reduces
Scientists have investigated the possibility of us- the risk of high blood pressure, stroke, and other heart
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diseases. Gamma-linoleic acid (GLA) contained in hemp
oil fights inflammation in the body.

After the oil is pressed, the seed residue contains
up to 10% fat, and the protein concentration is 44-60%.
That is why hemp protein is made from it.

Hemp flour contains 20 amino acids, vitamins
E, C, D and K, B vitamins (B1, B2, Bs, B4 (choline), Bs,
Bs, Bs (inositol), By (biotin), Bg and Bi2), as well as ca-
rotenoids (precursors of vitamin A), macro- and micro-
elements (iron, magnesium, potassium, phosphorus, cal-
cium, manganese, zinc, sulphur, chlorine, etc.) and does
not contain gluten. Hemp flour contains omega-6 and
omega-3 polyunsaturated fatty acids in an ideal ratio of
3:1[11].

Formulation of the problem

The aim and objectives of the study are to de-
termine the quality indicators of hemp seed processing
products and to investigate their influence on the proper-
ties of wheat flour dough.

Materials and methods

The falling number for the raw materials (first-
grade wheat flour, hemp flour, hemp protein) was deter-
mined using the PCP-3 device, which is designed to
characterise the total autolytic activity, the main role of
which is played by a-amylase.

Two weights of equal weight were taken from
the product (for first-grade wheat flour - 6.8 g; hemp
flour - 6.6 g; hemp protein - 6.6 g). Fill the water bath of
the device with distilled water. The condenser is con-
nected to a tap with cold water, which should circulate
until the device is switched off. Within about 30 minutes
after switching on the heater, the water in the bath boils.
Transfer the flour to two viscometric tubes, pour 25 cm?
of distilled water at 20+5 °C into each tube with a pipette.
Shake the tubes vigorously 20-25 times, remove the
stopper, and use the disc of a stirrer to add the flour par-
ticles adhering to the tube walls to the total mass of the
suspension. Place the test tubes with the stirrer discs in-
stalled in them into the holes in the lid of the water bath
and press the ‘Start *button immediately. The device au-
tomatically calculates the arithmetic mean of the falling
number and, if the difference between the parallel deter-
minations does not exceed 10%, the result is displayed
after pressing the ‘Result *button [12].

The acidity of the raw materials (first-grade
wheat flour, hemp flour, hemp protein, hemp seed ker-
nels), as well as the acidity of the dough during the ripen-
ing process, was determined by titrating the extract [12].

The amount and quality of gluten was deter-
mined in experimental samples with the replacement of
wheat flour with hemp products and comparison with the
control sample [12].

Determination of flour strength on the automat-
ed penetrometer AP-4/1 by the K60 index [12].

Determination of the autolytic activity of flour
by the autolytic test method [12].

Determination of dough ball spreading. The
dough was prepared according to the recipes in Table 1.
Two balls weighing 100 g each, were formed from the
kneaded dough. Place the ball in the middle of the glass
plate of the device and cover it with a lid and place it in a
thermostat with a temperature of +30 °C. The average
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diameter of the dough ball is recorded immediately after
forming, and then after 60, 120 and 180 min of fermenta-
tion in the thermostat [12].

The diameter of the dough ball is less than 83
mm - strong, 83-97 mm - medium strength, 97 mm and
more - weak.

To determine the specific volume of the dough,
weigh 50 g of dough to the nearest 0.01 g, place it in a
250 cm?® measuring cylinder, pre-oiled with vegetable oil,
and place it in a thermostat at +30 °C. The initial volume
of the dough and its changes during the fermentation of
the dough are recorded every 30 minutes for 3 hours
[12].

Determination of the viscosity of semi-finished
products using a Reotest-2 viscometer. To measure the
rheological characteristics, 20-25 g of semi-finished
product is taken after kneading and after 60, 120, 180
minutes of fermentation. The device readings are taken at
12 shear rates. The shear stress and dynamic viscosity are
calculated and a graph of the strain rate versus shear
stress is plotted [12].

Results of the study and their discussion

Since during the organoleptic evaluation of the
quality of raw materials, namely hemp flour and protein,
a corresponding crunch was felt, which is explained by
the presence of shell parts, it was advisable to determine
their particle size distribution. The results are shown in

Fig. 1.
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Fig. 1. Particle size distribution of hemp flour
and protein

As a result of determining the particle size dis-
tribution of hemp protein, it was found that the highest
content of 39.55% of particles was 100.0...200.0 um in
size, and the largest particle size was up to 700.0 um. At
the same time, the particle size distribution of hemp flour
showed that the particle diameter is larger than in hemp
protein and reaches a maximum of 2500 pum, the highest
content of 59.49% falls on the particle size from 0.0 to
400.0 pm.
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Table 1 - Quality indicators of first-grade wheat flour and hemp seed processing products
arithmetic mean values, n=3; p>0.95; 6=3-5%

Indicator name* First grade wheat Hemp flour Hemp protein Hemp kernels
flour
Color White Grey-green with brown- | Not a bright | Light greenish kernels,
ish-green dark spots green color dark green shells
Taste Inherent in wheat Bitter Sweetly herba- Sour and nutty
ceous
Smell Raw flour, without | Smell of raw flour with Sour Nutty
impurities a slightly sour tinge
Acidity, degrees 2,8 6,0 5,0 7,2
Falling number, sec 240 180 185 -

For a complete characterisation of the quality of
raw materials, we determined the organoleptic character-
istics, acidity of raw materials, the falling number of
first-grade wheat flour and hemp seed products (Table 1)
[12].

The acidity of hemp seed processing products is
higher by 3.2, 2.2 and 4.4 degrees, respectively, in hemp
flour, protein and hemp kernels compared to the acidity
of first-grade wheat flour. This is probably due to the
increased amino acid and fatty acid composition.

The falling point was determined for first-grade
wheat flour, flour and hemp protein. The data obtained
comply with the requirements of regulatory documents,
however, the falling point of hemp flour and protein is
lower by 25 and 22.9 %, respectively, compared to first-
grade wheat flour, which may indicate a higher activity
of the a-amylase enzyme.

The color, smell and taste of hemp seed prod-
ucts have a significant difference compared to first-grade
wheat flour, in particular, the color of hemp products
mostly has inherent green shades, the taste and aroma are
more pronouncedly sour with nutty and grassy notes.

Since hemp seed products do not contain gluten,
it is necessary to determine the effect of these products
on the quality and quantity of gluten in wheat dough. For

this study, we used test dough samples with 10% wheat
flour substitution for hemp flour, 15% wheat flour substi-
tution for hemp protein, and a sample with 15% wheat
flour substitution for hemp flour and protein and an addi-
tional 7% hemp kernels.

Thus, compared to the control sample, the addi-
tion of hemp processing products reduces the amount of
raw gluten, its hydration capacity, extensibility, and in-
creases its elasticity. This is due to the high content of
hulls in hemp seed products, as well as the absence of
gluten.

In particular, the amount of crude gluten de-
creased from 4.64 to 6.7% in the samples after replacing
wheat flour with hemp products, and the hydration ca-
pacity decreased by 21% to 40%. The elasticity of gluten
according to the IDK-3 device in the experimental sam-
ples with the replacement of first-grade wheat flour is
lower by 18.4 to 26.5% compared to the control sample,
however, all indicators of the experimental samples cor-
respond to the second group of gluten quality, which
characterises gluten as satisfactorily strong.

The quality of gluten of all the test samples, de-
pending on color, elasticity and extensibility, corre-
sponds to the second quality group.

Table 2 - Gluten quantity and quality indicators of the experimental samples

arithmetic mean values, n=3; p>0.95; 6=3-5%.

Indicators* Control 10% of hemp 15% of hemp seed protein 15% of hemp
flour by weight | by weight of flour + 7% of || seed protein by
of flour kernels additionally weight of flour
Amount of crude gluten, %. 23,72 18,44 17,02 19,08
Hydration capacity, %. 184 163 144 156
IDC, unit of device 49 38 36 40

Extensibility, cm 17 (average)

15 (average)

13 (average) 16 (average)

Elasticity good

good

satisfactory good

Color light

Light grey

Grey with a green tint Grey-green
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Table 3 - Characteristics of wheat flour and its mixtures with hemp products

arithmetic mean values, n=3; p>0.95; 6=3-5%.

Indicators* First grade Mix of wheat flour and 10% Mix of wheat flour and 15%
wheat flour | replacement with hemp flour | replacement with hemp protein
Flour strength on the automated 145 100 68
penetrometer, unit of the device
Autolytic activity, % on dry 20 26 25
matter of flour

Since the chemical composition of hemp seed
processing products has a significant difference from
first-grade wheat flour, it is necessary to determine and
compare the control sample with first-grade wheat flour
and samples of mixtures of wheat flour with 10% re-
placement with hemp flour and wheat flour with 15%
replacement with hemp protein in terms of flour strength
on an automated penetrometer and autolytic activity. The
flour strength and autolytic activity were determined in
Table 3.

The strength of the mixtures of wheat flour and
hemp seed products was determined by the consistency
of the dough. The strength of first-grade wheat flour cor-
responds to the strong flour quality group, while the
samples of mixtures with hemp flour and protein corre-
spond to the very strong quality group.

The approximate norm of autolytic activity with
low gluten content and poor gluten quality is no more
than 20% dry matter. According to studies of the autolyt-
ic activity of first-grade wheat flour within the normal
range, for mixtures with flour and hemp protein, it can be
argued that the activity of a-amylase is excessive.

Dough is a complex system, the structural and
mechanical properties of which, to a certain extent, de-
pend on the recipe components. The structural and me-
chanical properties of dough combine rheological, visco-
plastic, elastic and elastic properties; these include vis-
cosity, elasticity, elasticity of dough, mouldability, etc.

The structural and mechanical properties of the
dough determine the subsequent quality of the finished
product, its porosity, crumb condition, and organoleptic
characteristics.

Flour is one of the main recipe components that
provides certain dough properties. Hemp seed processing
products, namely flour and hemp protein, are proposed to
be used to replace a certain percentage of first-grade
wheat flour in wheat bread recipes. Therefore, model

experiments were conducted to determine the effect of
using hemp seed processing products on the structural
and mechanical properties of the dough using a pharyno-
graph [13] and an alveograph.

The results of decoding the pharynograms in Table
4 showed that dough samples with hemp flour and pro-
tein have a slightly lower water absorption capacity and a
shorter kneading time. Based on the duration of knead-
ing, we can talk about a reduction in the plasticisation
process of the dough with the added components. The
stability of the dough with hemp flour and protein de-
creases by 1.5 and 6 minutes, respectively. It should be
noted that the sample with the replacement of 10 % of
wheat flour with hemp flour had the lowest dilution. The
dough thinning with the addition of 15 % hemp protein
to replace wheat flour was 15 % higher than in the con-
trol sample.

Probably, during the kneading of the dough, parti-
cles of hemp products wedge into the glutenous back-
bone of wheat flour, forming complexes with proteins.
This results in gluten liquefaction due to the breakdown
of disulfide bonds [14].

According to the results of decoding the alveo-
grams in Table 5, it was determined that the sample with
the replacement of 10% of wheat flour with hemp flour
has the highest elasticity. Along with this, the samples
with hemp seed processing products have a lower exten-
sibility index than the control sample and, accordingly, a
higher P/L ratio. This is probably due to the size and het-
erogeneity of particles in the hemp seed processing prod-
ucts, which forms a less elastic dough mass.

The extensibility index, which characterises the
volume of air used to inflate the dough ball, is highest in
the control sample, while in the samples with the addi-
tion of hemp seed products it is the same.

The strength of the flour is, respectively, the
highest in the control sample, which is 239 units, in the

Table 4 - Test results by pharynograph

Indicators* Control 10% hemp flour by || 15% hemp seed pro-
weight of flour tein by weight of flour
Water absorption capacity of flour, %. 54,8 52,7 53,3
Time of dough formation, % 2,5 2,0 2,0
Stability, min 13,0 115 7,0
Dough thinning, units 85 60 100

* arithmetic mean values, n=3; p>0.95; 6=3-5%
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samples with the replacement of 10% wheat flour with
hemp flour and 15% wheat flour with hemp protein,
which is 70 and 104 units less than the control.

The study found that the specific volume of the

Table 5 - Test results by alveograph

dough in Fig. 2 decreases with the addition of hemp pro-
cessing products. Thus, the specific volume of the dough
of the control sample after three hours of fermentation is
2.6 m3/kg, while the specific volume of the dough of the

Indicators*. Control || 10% hemp flour | 10% hemp flour
by weight of flour || by weight of flour
Dough elasticity P, mm 73 117 100
P/L 0,7 34 2,9
Flour strength, W, o.a. 239 169 135
Elasticity index le, %. 54,9 0,0 0,0
Dough extensibility L, mm 105 34 34
Extensibility index G, mm 22,8 13,0 13,0

* arithmetic mean values, n=3; p>0.95; 6=3-5%.
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samples with the replacement of
10% wheat flour with hemp and the
sample with the replacement of
15% wheat flour with hemp protein
is 0.2 m3/kg less than the control
sample. The specific volume of the
dough sample with the replacement
of 15 % wheat flour with hemp
protein and the additional addition
of 7 % hemp kernels is 0.3 m3/ in
comparison with the control sam-
ple. This result is explained by the
replacement of part of the first-
grade wheat flour with hemp pro-
cessing products that do not contain
gluten proteins, and therefore the
gluten backbone is not sufficiently
formed compared to the control
sample.

The effect of hemp seed
processing products on the visco-
plastic properties of the dough was
determined.

The viscosity of the dough
is determined by its ability to
spread, which determines the be-
haviour of dough pieces during
proofing and baking.

The effect of hemp pro-
cessing products on dough viscosi-
ty was studied by determining the
spreading of a dough ball during 3
hours of fermentation. The results
are presented in Fig.3.

It was found that the intro-
duction of hemp seed processing
products into the dough, the spread-
ing of the dough ball decreases
compared to the control sample by
7.2 %, 14.4 % and 10.3 % in sam-
ples with the replacement of 10 %
of wheat flour with hemp flour;
replacement of 15 % of wheat flour
with hemp protein; replacement of
15 % of wheat flour with hemp
protein and, accordingly, increases
the viscosity.

Taking into account the
results of the study, it is necessary
to investigate the rheological prop-
erties of the dough, namely the
shear stress, which indicates
changes in the viscosity of the
dough with the addition of hemp
products compared to the control
sample.

According to the results of
determining the viscosity of the test
dough samples using the Reotest-2
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device, it was found that the control sample had the low-
est shear stress and, consequently, the lowest viscosity
compared to the dough samples with the addition of
hemp seed processing products. It should also be noted
that the sample with the replacement of 15% of wheat
flour with hemp protein and the additional addition of
7% of hemp kernels has the highest viscosity, since hemp
kernels have a hard structure, which is evident in the
graphs of Fig. 4.

Thus, the introduction of hemp processing prod-
ucts, namely hemp flour, protein and hemp kernels, af-
fects the viscosity, increasing it.

Conclusion

1. The quality of hemp seed processing products
and their influence on the formation of dough properties
of the experimental samples were studied, which con-

9
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BIIVIMB ITPOAYKTIB IEPEPOBKHU HACIHHA KOHOIIEJIb HA
CTPYKTYPHO-MEXAHIYHI BJACTUBOCTI TICTA

Anomauin

Acopmumenm xniba ma xai606y104HUX 8Uup0OI8 Ha PUHKY VKpainu 30e0inbui020 MAe HU3LKY Xapuo8y ma 6ion02iuHy
yinnicms. Tlepcnexmusnoio cuposunoro 0as 36azauents xaiba ma xaiboOyi0uHux eupodie € npoodyKkmu nepepooKu HACIHHS
KOHONenb, a came KOHONIAHe OOPOWHO, KOHONIAHUL npomein ma a0pa. JJocniodceno AKicmb npooyKmie nepepodku HACiHHA
KOHONeNb ma ix 6Naug Ha CMpyKmypHO-MeXaniuti @1acmugoCcmi micma 3 6UKOPUCMAHHAM YUX npooykmie. B pezynomami eu-
SHAYEHHS 2PAHYIOMEMPULHO20 CKIAOY KOHONISIHOZ0 NPOmMeiny 6CmMano8IeHo, wo Hatbinewut emicm 39,55% uacmunok pos-
mipom 100,0...200,0 mxm, goonouac, diamemp 4acMUHOK 6OPOUIHA KOHONAAHO20 OIbUULL HIJNC 8 KOHONJAHOMY npomeini i
MakcumanvbHo 00xo0umsv 00 2500 mxkm. Bcmanogneno, wjo nopisHaHo i3 KOHMPOIbHUM 3DA3KOM, 8HECEHHs NPOOYKMIie nepepo-
OKU KOHONeNb 3HUNCYE KinbKicmb cupoi Kkaetikosutu 6i0 4,64 0o 6,7 %, it eiopamayitiny 30amuicmo na 21% oo 40%, pozms-
JHcHicmb, niosuwye i npyscHicms 6i0 18,4 0o 26,5 %. AHxicme Knelikosunu ycix 00CIIOHUX 3DA3Ki6, 3ANEHCHO 6i0 KOAbOPY,
eracmuynocmi ma posmsscHocmi, eionogioae Il epyni sikocmi. B pesynomami po3uupysanns QapuHocspam, 6CmaHosieHo,
wo cmabinbHicmes micma i3 KOHOWIAHUM OOPOUHOM [ NpOmeiHoM 3meHutyemscsi Ha 1,5 ma 6 x6 6i0nogiono. Anveeocpamu
noKAa3anu, wo 3pasku 3 KOHONJIAHUMY NPOOYKIMAMU MAIOMb MEHUWIUT NOKAZHUK POSMAICHOCTNI HIJIC 8 KOHMPOIbHOMY 3PA3KY i
8i0n06iono binvute ionowennss P/L. Cuna 6opowna 6i0nogiono Hatlbiibuia 6 KOHMPOJIbHOMY 3PA3KY, Wo cmanosums 239
0.a., 6 3paskax 3a 3aminoio 10% bopowra nuenuuno2o Ha KoHonaxne ma 15% 60powHa nueHuYHO20 Ha KOHONIAHUIL Npome-
in na 70 ma 104 o.a. menwe 8i0 KOHMPOILHO20. B X00i d0CiOdCcenHs 6CMAHOBIeHO, Wo NUMoMuUll 06 em micma ma po3niu-
8AHHA KYIbKU micma i3 000aHHAM NpoOyKmMie nepepoOKU KOHONEeIb 3MEHWYEMbCa 3a pe3yibmamamu GUSHAUEHHA 8 A3KOCmi
00CTIOHUX 3PA3KIE Micma 6CMAHOBIEHO, WO HAUMEHUIe HANPYICEHHS 3CY8Y, d OMJice | HAUMEHULY 8 S3KICMb MAE KOHMPOb-
HUll 3pa30K NOPIGHAHO 31 3pA3KAMU MICTNA 3 GHECEHHSA KOHONIAHUX NPOOYKMIS.

Kurouogi cioBa: xuti6, KoHOIUTi, 00pOIIHO, IPOTETH, SIAPA, TiCTO.
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