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DETERMINATION OF PHYSICAL AND
TECHNOLOGICAL PROPERTIES OF QUINO GRAIN -
THE MAIN STAGES OF JUSTIFICATION OF STORAGE
AND PROCESSING TECHNOLOGY

Abstract

The work is devoted to determining the physical and technological properties of quinoa grain. Quinoa is an uncon-
ventional crop for Ukraine, but experiments on its cultivation have been successfully completed in the Sumy region. Due to its
unique chemical composition, quinoa is used in dietary and functional products.

Quinoa contains about 20% protein, which makes it an excellent dietary supplement for people who do not eat ani-
mal products. The amino acid composition of quinoa proteins is very balanced and is characterized by a high content of such
essential amino acids. Feature of the fatty acid composition of quinoa. it has a high content of polyunsaturated fatty acids,
including linolenic fatty acid and linoleic, which belongs to the acids w-3 and w-6 fatty acids.

Due to the growing popularity of quinoa and its suitability for cultivation in our climatic and soil conditions, it is
important to develop the technology of its storage and processing. One of the main stages of substantiation of the choice of
technology for storage and processing of quinoa grain is to determine its physical and technological properties.

Physical and technological properties of grain mass are determined by a large number of indicators.

Determination of physical and technological properties of quinoa grain was performed for three types of quinoa:
red, black and white. In determining the physical and mechanical properties were used methods approved by the relevant
standards, or used in research and recommended in the relevant literature.

We have identified the following basic physical and technological properties: geometric characteristics, nature,
weight of 1000 grains, duty cycle, packing density, air supply, angle of natural slope, coefficient of internal friction, coeffi-
cient of external friction. Numerical values of these indicators for each type of quinoa are determined.

Knowledge of the physical and technological properties of the grain mass to solve a large number of applied prob-
lems that have practical significance. and play an important role in the processes of moistening, heating and cooling of grain.
A thorough study of physical and technological properties can provide optimal conditions for storage of seeds without com-
promising their quality. The obtained data can be used for selection of modes of cleaning, drying and active ventilation.

Key words: quinoa, physical and technological properties, geometric characteristics, grain mass porosity, grain

mass flowability.

Introduction

In recent decades, the quinoa market has grown
rapidly due to its extremely beneficial properties for the
body, among consumers and supporters of healthy eating.
The expansion of the range of products with high nutri-
tional value is becoming more popular due to the defi-
ciency in the diet of people of vitamins, minerals and
polyunsaturated fatty acids. The increase of food can be
carried out by introducing into the recipe non-traditional
types of raw materials of plant origin, containing a signif-
icant amount of macro- and micronutrients. One of the
promising and new types of non-traditional vegetable
raw materials for the confectionery industry is quinoa.

Quinoa is used to increase the biological value
and expand the range of health products in the production
of breakfast cereals, confectionery, dairy sausages, as
well as a food ingredient in the production of protein
bars, beverages and sports nutrition. And today, even on
supermarket shelves you can find products of mass con-
sumption with the addition of quinoa seeds, and NASA
uses quinoa to create food for astronauts.

This culture has a high nutritional value, protein
content up to 16%, about 6% lipids, more than 60% car-
bohydrates. The amino acid composition of quinoa pro-
teins is characterized by a high content of such essential
amino acids as valine, leucine, isoleucine, lysine, threo-
nine and phenylalanine. Quinoa is considered an alterna-
tive oil crop because of the quality and quantity of its
lipid fraction, as its grains are rich in essential fatty acids
such as linoleic and a-linolenic, and contain high concen-
trations of natural antioxidants such as a- and y-
tocopherol. Quinoa is rich in trace elements such as vit-
amins and minerals. Among the vitamins in large quanti-
ties in quinoa are B vitamins - thiamine B1, riboflavin
B2, folic acid B9, as well as niacin PP, vitamins A (reti-
nol) and vitamin E (tocopherol). The mineral content is
2.3%, including more than 500 mg of potassium, about
200 mg of magnesium and more than 400 mg of phos-
phorus, 500 mg of copper per 100 g of product [1, 2].

Quinoa seeds have attracted much attention
around the world not only because of their nutritional and
functional properties, but also because of their ability to
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be cultivated in adverse climatic conditions. Quinoa
grains are resistant to frost, salinity, drought and can
grow on marginal soils. Therefore, these characteristics
are very relevant for areas prone to food security.

According to the Center for International Trade,
the value of world exports of quinoa grains increased by
more than 300% between 2013 and 2018 - from $ 135
million to $ 420 million. Most traders predict further
price increases as demand exceeds supply.

Unfortunately, quinoa seeds are not grown en
masse in our country yet, although there is already a suc-
cessful experience. Scientists are convinced that this cul-
ture has very great prospects in our country [1].

In this regard, the question of finding optimal
ways to prepare freshly harvested quinoa seeds and their
storage becomes relevant.

One of the main stages of substantiation of the
choice of technology for storage and processing of qui-
noa grain is to determine its physical and technological
properties.

Grain mass has certain physical properties -
flowability, self-sorting, porosity, ability to sorption and
desorption of various vapors and gases (sorption capaci-
ty), heat, temperature and thermal conductivity, heat ca-
pacity. Knowledge and consideration of the physical
properties of grain masses are of particular importance in
connection with mechanization and automation of grain
processing and storage, introduction of new drying
methods, use of pneumatic transport and storage of large
batches in large storages (silos of modern elevators, met-
al bunkers, warehouses). ). Knowledge of the physical
and technological properties of grain mass as a bulk ma-
terial allows to solve a large number of applied problems
that have practical significance. Skillful use of these
properties allows to reduce losses, to improve quality of
batches of grain and to reduce expenses in all branches of
a national economy connected with production and use of
grain.

Physical and technological properties of grain
mass are determined by a significant number of indica-
tors, the choice of which depends on the tasks. For the
grain mass the main technological value is its biometric
characteristics, size and evenness of the grain mass [3].

Only a thorough study of physical and techno-
logical properties can provide optimal conditions for
grain storage without compromising its quality.

The aim of the work is the technological evalua-
tion of quinoa seeds, ie the study of physical and techno-
logical properties of quinoa seeds.

Object of research: physical and technological
properties of quinoa grain.

Subject of research: three types of quinoa
seeds: red, black and white.

Research methodology

In determining the physical and mechanical
properties were used methods approved by the relevant
DSTU, or used in research and recommended in the rele-
vant literature.

Grain moisture was determined according to
GOST 13586.5-93, the mass of 1000 grains according to
DSTU ISO 520: 2015, the angle of natural slope accord-
ing to GOST 28254-89 and the bulk density (nature) ac-
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cording to DSTU GOST 10840: 2019.

The method of research of geometric dimen-
sions was to determine the length I, width a and thickness
b of quinoa seeds and further processing of measurement
results by methods of variation statistics. The measure-
ments were performed with a caliper with an accuracy of
0.1 mm. During mathematical processing, the array of
experimental data was checked for possible errors, divid-
ed into classes and frequencies, and then determined the
average size of the studied seeds (length I, width a,
thickness b) and a number of statistical characteristics -
variation of variation of linear sizes, classes, frequency
and grain mode (values of geometric grain sizes that are
observed the largest number of times). The main geomet-
rical parameters such as grain volume V,, outer surface
area F,, equivalent diameter d. and specific surface area
a and sphericity v of seeds were calculated [8, 9].

We also performed statistical evaluation of the
obtained results, which is reduced to the rough errors of
the experiments, calculation of the average values of ob-
servations y , determination of sample variances of S,?

for estimating random errors, as well as calculation of
relative errors and a number of other statistical character-
istics. Calculations of coefficients in the equations of
mathematical models were performed according to
standard programs [4].

Research results

The shape and linear dimensions of the grain de-
termine the choice of separation schemes, the characteris-
tics of the working bodies of the separating machines,
cultivators, grain separators, as well as the working bod-
ies of the grinding machines. Volume and outer surface
play an important role in the processes of moistening,
heating and cooling of grain [3, 5-7].

The geometric characteristics of the grain de-
termine the density of stacking during the formation of
the layer (porosity) and especially during movement or
transportation. The complexity of the structure of techno-
logical processes is characterized by a significant length
of ways of processing grain products, which can reach
several kilometers in machines and various transport
mechanisms (pneumatic pipes, norias, conveyors, etc.)
[3, 5].

To characterize the geometric features of the
grain is not enough to specify only the linear dimensions.
The average values of the linear grain sizes studied were
used to determine the values of volume, area and spheric-
ity, which play an important role in the processes of
moistening, heating and cooling of grain. Changes in size
affect the grain volume, outer surface area, sphericity and
V/F ratio, which characterize the alignment in size, which
affects the conduct of the technological process [9, 10].

Geometric characteristics are important for heat
and water transfer processes, especially during hydro-
thermal treatment of grain. All indicators of the geomet-
ric characteristics of the grain change significantly. Due
to this, the values of volume, area of the outer surface of
the grain, their ratio and sphericity vary.

Particle size distribution is a characteristic that
determines the geometric dimensions of grains and the
ratio of their sizes in the total grain mass. A number of
important geometrical characteristics were also deter-
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mined for each grain sample (Table 1). The main geo-
metric parameters such as grain volume V,,, outer surface
area F,, equivalent diameter d. and specific surface area
ap and sphericity y of seeds were calculated [9, 10].

It is determined that the largest geometric di-
mensions are red quinoa seeds - length 2.0 mm, width 1.8
mm and thickness 1.10 mm, white quinoa seeds are char-
acterized by the following sizes - 1.8 mm, 1.7 mm and
1.10 mm and black quinoa seeds have the smallest di-
mensions of 1.7 mm, 1.6 mm and 1.0 mm, respectively,
length, width and thickness. In the table. 1 shows the
calculated values of the geometric characteristics of dif-
ferent types of quinoa.

If we compare quinoa seeds with other crops,
they are similar in size to rapeseed, so no special sowing
or technological equipment is required [9, 10].

At the next stage of our work, the physical and
technological properties of quinoa grain of three types
were determined. The results are given in table. 2.

The grain mass when placed in warehouses or
silos does not form a dense mass, between its solid com-
ponents there are free gaps filled with air. The density of
grain stacking and the duty cycle of the grain mass are
expressed as a percentage of the total grain mass. The
stacking density and the duty cycle of the grain mass are
of great practical importance during storage. The pres-
ence of air in the intergranular space affects the change in
temperature and humidity of the grain mass and deter-
mines the influence of physiological processes that take
place init [12].

The sparseness of the grain mass is of great im-
portance for maintaining the viability of seeds, which is
very important when storing seed lots. The packing den-
sity and porosity of the grain mass in storage depends on
the shape, elasticity, size and condition of the surface of
solid components of the grain mass, the number and type
of impurities in it, the batch size and moisture content of
grain mass, shape and size of storage, method of filling,
and shelf life. Therefore, the values of stacking density
and duty cycle of the grain mass can vary considerably.
[12].

These studies show that indicators such as lay-
ing density and porosity for different types of quinoa
seeds do not differ significantly and are in the range of
38.0... 41.6% in porosity and 58.4... 62.0% in packing
density.

One of the important characteristics of the grain
mass is the supply of air to the grain mass or the volume
of air in 1 ton of grain mass. Multiplying the volume of
air in 1 ton of grain mass by the total weight of the batch
of grain, determine the amount of one air exchange. This
indicator is used for active ventilation of grain masses
an3d for different types of quinoa seeds it is 0.64... 0.69
m°/t.

The flowability of the grain mass is character-
ized by the coefficients of external and internal friction,
which are determined by measuring the angles of friction
and natural slope. The studied samples of quinoa seeds
can be attributed to well-flowing products, because the
angle of natural slope in it is less than 35 degrees, which
must be taken into account in the technology of its post-
harvest processing.

Table 1 - Geometric characteristics of quinoa grain

Type of Grain volume Outer surface Equivalent Specific surface || Sphericity,
quinoa Vz mm® area Fz, mm? diameter d,, mm | a,, (mm?/ mm?) v
Red 2,65 8,27 1,72 3,12 0,89
White 2,23 7,33 1,62 3,28 0,89
Black 1,82 6,40 1,52 3,51 0,89
Table 2 - Physical and technological properties of quinoa grain
The name of the indicator Red White Black
Mass fraction of moisture,% 9,6 10,0 9,8
Nature (volume mass), kg / m® 595 580 588
Mass 1000 grains, g 3,36 3,48 3,42
True volume of 1000 grains, cm® 35 35 3,5
Toughness, % 38,0 41,6 39,8
Laying density, % 62,0 58,4 60,2
Air supply, m®/ t 0,64 0,69 0,68
The angle of the natural slope 31 32 31
Coefficients of external friction at rest:
on plastic 0,2424 0,2654 0,2856
on steel 0,2489 0,2752 0,3010
on rubber 0,2554 0,2760 0,3125
Coefficient of external friction in motion 0,4282 0,4068 0,4154
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Conclusions

Quinoa seeds are in great demand among con-
sumers, but have not yet shown great popularity among
producers. The plant adapts well to our climatic and soil
conditions. Suitability for cultivation in Ukraine in the
near future, given the development trends of the consum-
er market, can ensure the growth of production.

The basic geometrical indicators of grain which
allow to model processes of ventilation, drying, to select

Physical and technological properties of differ-
ent types of quinoa grains, weight of 1000 grains, nature,
porosity, density of laying, angle of natural slope, coeffi-
cient of internal friction and coefficient of external fric-
tion are investigated.

The presented research results will allow to sub-
stantiate the rational regimes of technological processes
of post-harvest processing and to become the first step to
the development of quinoa grain storage technology.

mode parameters of technological cars are calculated.
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BU3HAYEHHS ®I3UKO-TEXHOJIOTTYHUX BJIACTUBOCTEM
3EPEH KIHOA - OCHOBHUM 3 ETAIIIB OGIPYHTYBAHHS
TEXHOJIOT'Ti 3BEPITAHHSA TA OBPOBKHA

Anomauisn

Poboma npucesiuena eusnauennio Qizuxo-mexnonoeiunux eracmusocmeil 3epua Kinoa. Kinoa € nempaouyiti-
HOI0 01151 YKpainu azpoxynivmypoio, npome excnepumenmu no ii upowysanuio ycniuno saeepuunucs 6 CyMcokii oona-
cmi. 3ae0sKu c60€MY YHIKATLHOMY XIMIYHOMY CKAAOY KiHOA BUKOPUCMOBYEMbCA Y NPOOYKMAX OIEMU4H020 ma QyHKyi-
OHANILHO20 NPUSHAYEHHS.

Kinoa micmumo o6auzvxo 20% 6inkie, wo pobdums ii uy0osum xapuoeoio 006asKo0 01 10oell, AKi He 8iHCUBa-
10Mb NPOOYKMi6 MEAPUHHO20 NOX0OJICeHHS. AMIHOKUCIOMHUL CKAAO OLIKI8 KiHoa Oydice 30ananco8anutl i xapaxkmepu-
3YEMbCA BUCOKUM BMICMOM He3aMIHHUX aminoxuciom. Ocooausicmio HCUPHOKUCIOMHO20 CKAAOY 3epeH KiHOA € 8UCO-
KUl GMICM Y HbOMY NOAHEHACUYEHUX JCUPHUX KUCTIOM, Y MOMY YUCTI TTHOAEHO80I JICUPHOL KUCIOMU ma AIHONIe801, ujo
BIOHOCUMBCSL 00 KUCIOM -3 Ma -6 HCUPHUX KUCTIOM.

YV 36’a3ky i3 pocmom nonyasipwocmi Kinoa ma il npudamHocmi 00 SUPOWLYEAHHS V HAUWUX NPUPOOHO-
KAIMAMUYHUX [ IPYHMOBUX YMOBAX € AKMYATbHUM PO3pOOKa mexHonozii it 30epicants ma 06pooku. OOHUM 3 OCHOBHUX
emanig 0OIPYHMYBaHHs 6UOOPY MexXHONo2li 30epicanHs ma O00poOKU 3epeH KIHOA € GU3HAYeHHs 11020 (Di3uKo-
MeXHONI02IUHUX 81ACUBOCIELL.

7 http://grain-feed.onaft.edu.ua
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Di3uK0-MexHONI02IYHI 81ACMUBOCMI 36PHOBOT MACU BUSHAYUAIOMbCS 3HAYHOIO KLILKICMIO NOKASHUKIE.

Busnauenns gizuxo-mexunonoeiunux enacmugocmeii 3epna Kinoa npogoounu 0l mpbox 6Uie KiHoa. uepsoke,
yopre ma 6ine. Ilpu eusHayeHHi PisuKo-MexaHiuHux eracmusocmel OViu GUKOPUCMAHI MeMOOU, 3ameepoxceHi 8i0no-
8IOHUMU cmaHOapmamu, abo, Wo 3aCMoCO8aAHi 8 HAYKOBO-00CIIOHUX POOOMAX i peKOMeHO08aH i y 8i0N0GIOHIN Timepa-
mypi.

Hamu 6yno eusnaueno maxi ocHOBHI (Di3uKo-mexHONIO2IYHI 81ACMUBOCTI: 2e0MeMPUYHI XapaAKMepUCmuKu,
namypa, maca 1000 3epen, wnapysamicms, winbHicms yKAa0auus, 3a0e3ne4eHicms nogimpam, Kym npupooHo20 yKocy,
Koegiyicum 6HympiHb020 mepmsi, KoeiyieHma 306HiuHb020 mepms. Busnaueno yuciosi 3HaueHHs Yyux NOKA3HUKIE
0J1s1 KOJCHO20 8UOY KIHOA.

3nanna gisuxo-mexnono2iuHux eracmusocmeil 3epHO0i MAcU 00360JIA€ GUPIUYSEAMU 6EUKY KITbKICIb NPUK-
JAOHUX 3a0ady, AKI MAOMb NPAKMUYHE 3HAYEeHHA | 8i0i2paloms 6aXiCIUEY POTb Y NPOYECax 36010MCEHH, HA2PIgY Ul 0XO-
J002ICY8aHHA 3epHa. JJOCKOHANe 8USYEHHA QI3UUHUX | MEXHONIO2IUHUX 61ACMUBOCHEN MOJCe 3a0e3neyumy ONmuUMAantbHi
yMo8U 071 30epieanHsa HACIHHA 6e3 nocipuieHHs tioeo akocmi. Ompumari 0aHi MOXNCHA 8UKOPUCMOBY8amu OJid ni0OOpy
PedncuMi6 ouUWen s, CYWIHHA Ul AKMUBHO20 6EHMUNIOBAHMSL.

Kntouosi cnoea: kinoa, hizuxo-mexnonoziuni eénacmueocmi, 2eomempuyni XapaKkmepucmuKku, Wnapyéa-
micmp 3epHO60I Macu, cunkicms 3epHo60i macu.
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