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Abstract. One of the solutions to the problem of people’s health 

deterioration is the wide use of plant products. The most valuable of them 
are vegetable oils, including amaranth oil. The latter contains a complex 
of vitamins, macroelements and trace elements, unsaturated fatty acids 
and essential amino acids, and the unique natural bioactive substance 
squalene, which performs a number of key functions in the human body. 
However, postharvest treatment of amaranth grain, in particular, drying 
and subsequent storage under different conditions, can significantly 
impair its valuable natural properties. The research presents the findings 

on how the chemical composition and microbiological characteristics of 
amaranth grain change in the course of its drying and storage under 
different conditions, which can ensure its high quality during storage. It 
has been studied how drying amaranth to the moisture content 9% at 50°С 
and 60°С effects on the total amount of saponified substances and on the 
content of squalene, linolenic, linoleic, oleic, palmitic, and stearic acids 
(determined by gas–liquid chromatography). It has been found that after 
amaranth grain is dried, it loses 10% of saponified substances and 14% of 
squalene, as compared with freshly harvested grain, while the content of 

free fatty acids in the unsaponified fraction does not change. It has been 
determined how storing amaranth throughout a year at +5°С, +15°С, and 
+25°С, at the relative humidity 55% and 75%, changes such basic grain 
quality parameters as the content of protein, starch, fibre, fat, and ash, the 
acid value, and the acidity of fat. The biggest were the changes after a 
year’s storage at 25°С and the relative atmospheric humidity 75%: protein 
decreased by 13.5%, starch by 8.7%, fat by 29.0%. There was almost no 
change in the contents of fibre and ash. Besides, these storage conditions 

resulted in a significant deterioration of the fat quality: its acid value 
increased by 6.9 times, and the alcohol extract acidity by 2.9 times. When 
amaranth was stored at +5°С and the relative humidity was 55%, the 
decrease in the content of the main components was appreciably smaller: 
8.1% for protein, 2.9% for starch, and 4.2% for fat. Under the same 
conditions, the activity of microorganisms is significantly lower. All this 
allows recommending these storage conditions for industrial use. 
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Introduction. Formulation of the problem 
 

In recent years, people’s health in our country has 

deteriorated. A solution to this problem can be the 

wide use of safe high-quality food with a guaranteed 

content of bioactive compounds vital for the human 

body. One of these valuable and promising cereals is 

amaranth. Its grain contains a complex of vitamins, 

macronutrients and trace elements, unsaturated fatty 

acids and essential amino acids, and a unique natural 

bioactive substance, squalene, which performs a 

number of key functions in the human body. Using 

amaranth grain is becoming more and more popular 

nowadays. It is an item of increasing demand with 

producers who are primarily interested in the quality of 

the raw materials and their compliance with all 

necessary requirements. 

Domestic and foreign studies, though numerous, 

still have not fully revealed how the quality of 

amaranth grain changes during postharvest treatment 

and storage. After harvesting, grain is not immediately 

processed and used in production: first, it undergoes a 
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range of technological operations, primarily cleaning 

and drying. They are supposed not only to ensure long-

term storage, but also to preserve all the valuable 

natural properties of amaranth which are important for 

further processing. This article focuses on how to solve 

these problems. 

 

Analysis of recent research and publications 
 

Amaranth has been known and used in the world 

since ancient times. This is evidenced by 

archaeological finds in the territory of the ancient 

American civilisations, the Incas and the Aztecs. In 

modern times, this crop first attracted scientists’ and 

manufacturers’ attention in the early 1970s, after the 

Australian plant physiologist D.Downton established 

that it belonged to a group of plants with high-intensity 

C4 photosynthesis and could form quite a lot of protein 

rich in lysine, methionine, and tryptophan [1-11]. 
Compared with cereals and oil crops traditionally 

grown in Ukraine, the main feature of amaranth grain 

is its chemical composition that includes quite a 

number of substances having a high calorific and 

biological value. Of these, amaranth oil is of special 

interest. Besides being high in unsaturated fatty acids 

(65% to 75% according to various authors), this oil 

contains squalene. Squalene actively normalises 

microcirculatory processes, being a source of oxygen. 

According to domestic and foreign studies, amaranth is 

significantly higher in protein and fat than the most 
common crops, wheat and corn. It has the most 

balanced amino acid composition, and the ratio of 

amino acids makes amaranth protein close to the ideal 

protein [9,12-14]. 

Amaranth grain’s unique properties allow an 

extremely wide range of its applications. The amaranth 

grain variety Ultra yields very valuable oil containing 

about 15–18% of squalene and up to 1% of tocopherol 

(vitamin E). Amaranth oil is considered an 

immunostimulant and can be used to correct 

immunodeficiency when treating diseases of various 
aetiologies, from cardiovascular disorders, erosions 

and ulcers to cancer. Besides, scientists have confirmed 

that drugs obtained from amaranth grain, as well as 

those from its stems and leaves, can significantly 

reduce blood cholesterol and protect the human body 

from the effects of radiation. This makes it applicable 

in traditional medicine [1,13-15]. 

Processing this crop’s grain can yield up to 67% of 

high-protein flour, which can be used to manufacture 

functional products. Due to its low gluten content, 

amaranth can be an extremely useful product for 

people with allergy. But so far, the consumer market is 
not adequately saturated with amaranth-based products 

and is comprised mainly of dietetic foods [3,4,15,17]. 

Concentrate from amaranth grain can be used to 

make mixed milk drinks and as special food for people 

hypersensitive to cow’s milk proteins. [5,7,11]. 

The herbage of amaranth and by-products of its 

processing prove quite useful to manufacture animal 

feed high in protein, pectin, dietary fibre, vitamins, 

macronutrients, and trace elements [1,2,6,13]. 

Another important fact in favour of amaranth 

cultivation is this crop’s significant adaptive potential, 

which ensures high productivity at minimum 

expenditure of energy and has a positive 

biogeocoenotic effect on the soil fertility [1,2]. That is 

why a lot of studies are devoted to the technology of 

cultivation and selection of amaranth. The researchers 
who focused and still focus on these issues include 

D. Brenner, D. Early, C. Kauffman, T. Goptsiy, 

V. Shcherbakov, I. Kohut, G. Zharkov, S. Kadirov, 

S. Miroshnichenko, and others. They have developed 

in detail the agrotechnology of growing different 

amaranth species and varieties in different climatic 

zones. Much attention is also paid to the selective 

breeding of amaranth [1-3,7,8,14,18]. 

R. Bressani, L. Garcia-Vela, G. Vysochyna, 

A. Yegorova, G. Yevdokimova, L. Ovsyannikova, 

T. Chirkova, and others considered in their works the 
chemical composition of amaranth grain. They studied 

in detail the amino acid composition of protein, starch, 

lipids, trace elements, and macronutrients of different 

amaranth species, and considered the possibility of 

isolating certain substances from grains and from 

leaves and stems [6,9,13]. 

Methods of processing amaranth and its 

applications in various sectors of the economy were 

studied by A. Zheleznov, A. Kazumyan, E. Ofitserov, 

Y. Roslyakov, S. Smirnov, S. Sobolev, A. Sturua, R. 

Uazhanova, A. Iztaev, T. Schneider, E.Petrova, and 

others. In this sphere, a number of technologies were 
developed. They allow grinding amaranth grain and 

groats, enriching bakery, confectionery, pasta, and 

fermented dairy food with amaranth processing 

products, obtaining puffed grains,  

oil, etc.  [3,4,13,15-17]. 

R. Abalone, A. Cassinera, J. Roberts, E. Ronoh, I. 

Chernousov, T. Yanyuk, and others focused on 

postharvest handling of amaranth grain. They 

investigated the technological, aerodynamic, and 

hygroscopic properties of amaranth grain, developed a 

method of drying amaranth grain in the device with the 
suspended-twisted layer, studied the kinetics of drying 

in open air-and-sunshine drying stands and the effect 

of long storage on the grain quality [5,19,20-23]. 

S. Smirnov suggested a technology of cleaning 

amaranth grain before grinding. It involves, first, using 

a vibratory separator SPV-06 to isolate large, small, 

and light impurities that have width different from that 

of the crop, and then using a pneumatic aspirator UPS-

06 to separate those that differ in their aerodynamic 

properties [24]. 
I. Chernousov pointed out that to dry amaranth 

seeds, one needs a drying method that would allow 
developing higher speeds of the drying agent relative 
to the amaranth seeds, would ensure the maximum 
contact area of the drying agent with the surface of 
amaranth seeds, a gentle drying mode, and the 
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maximum intensity to cost ratio. That is why he 
suggested drying amaranth grain in an apparatus with a 
suspended-twisted layer. This method would allow 
obtaining dry grain and spending less energy on the 
drying process. However, these devices are not 
manufactured industrially yet [5]. 

R. Abalone and E. Ronoh compared the kinetics of 
drying a thin layer of amaranth grain under the open 
sun with drying it in an air-and-sunshine convective 
dryer [22,23]. These drying methods are 
constructionally simple and energy-efficient. Still, 
when used in Ukrainian climatic conditions, they will 
not allow obtaining amaranth grain dry enough: in our 
country, this crop ripens quite late (September and 
October), in the period characterised by high humidity, 
fogs, clouds, and rain. 

L. Miroshnychenko considers the maximum shelf 
life of amaranth grain and suggests limiting it to 2 
years, because longer storage significantly increases 
the grain’s fat acidity, peroxide, and iodine values, 
which affects the grain quality [25]. 

Wet and damp amaranth grain should be cleaned 
of impurities and dried before storage to prevent 
deterioration. For reliable storage, amaranth grain must 
meet the following requirements: humidity not more 
than 9%, contamination with impurities not more than 
2% [4,5,19]. 

Thus, due to many advantages, amaranth grain is 
becoming more and more popular nowadays. It is an item 
of increasing demand with producers who are primarily 
interested in the quality of the raw materials and their 
compliance with all necessary requirements. However, 
most research works are devoted to the selective breeding 
of amaranth, its cultivation, and processing. Only few 
studies consider the problems of its postharvest handling, 
in particular, drying and storage of amaranth grain. 
Besides, even in this area of research, works, for example, 
on the drying of amaranth grain mainly focus on heat and 
moisture transfer during drying and on their 
intensification, rather than on how they affect the quality 
of dried grain. The dependence of the quality 
characteristics of amaranth grain on the temperature and 
relative humidity during its storage has been analysed but 
insufficiently, too. This determined the purpose and the 
objectives of our research. 

The purpose of the research is studying the 
changes in the chemical composition and 
microbiological characteristics of amaranth grain 
during its drying and storage under different 
conditions, which will ensure its quality and reliable 
storage. The research objectives: 

– to study the effect of drying amaranth on the 
content of squalene and fatty acids; 

– to study the effect of the storage conditions on 
the chemical composition and microbiological 
characteristics of amaranth. 

 

Research materials and methods  
 

The amaranth grain variety Ultra of domestic 
selection grown in the Odessa Region in 2014 was 

used for the research. The grain contained 9% of 
moisture and 1.7% of impurities. This early-ripening 
grain variety (its originator was V. Dokuchaev Kharkiv 
National Agrarian University) was included in the 
Register of Plant Varieties of Ukraine in 1998. 

The convective drying of amaranth grain was 
studied using a laboratory dryer at the Grain Storage 
Technology Department, ONAFT. This dryer simulates 
the conditions of drying created by industrial grain 
dryers [26]. The quality characteristics of the dried 
amaranth grain were inspected using a grain dryer 
Astra-Ingul-Mini in the production conditions of the 
farm Elena. 

Amaranth is processed primarily to obtain 
amaranth oil, and its squalene content is considered an 
important characteristic. So, after the convective 
drying, the total amount of saponified substances and 
the contents of squalene, linolenic, linoleic, oleic, 
palmitic, and stearic acids were determined in the dried 
amaranth grain. The results of the studies were 
expressed as a percentage in dry matter (DM). 

The fatty acids and squalene content was 
determined in the Odessa Research Forensic Centre of 
the Ministry of Internal Affairs of Ukraine using 
chromatography–mass spectrometry as follows.  

To quantify the saponified and unsaponified 
substances, the weighed amaranth grain samples (10g 
each) were homogenised with quartz sand and 
extracted with hexane for 2 hours three times. The 
combined extracts were evaporated to dryness. Then 
20ml of methanol and 10ml of aqueous 20% NaOH 
were added. The esterification was performed for 
4 hours in a glycerol bath. The resulting solutions were 
extracted three times with hexane. Then 10% HCl 
solution was added till pH=3 and extracted with 
hexane, too. The hexane extracts were evaporated to a 
constant weight and weighed on analytical balances. 

Squalene was determined by gas–liquid 
chromatography using a chromatography–mass 
spectrometer Agilent 6890 N/5975 Inert GC/MS 
System. The conditions were as follows: capillary 
column HP-35MS, length 30m, diameter 0.25mm, 
phase 0.25 μm, steady flow 1.0ml/min, carrier gas 
helium, auto-injector Split 20:1, evaporator 
temperature Tinitial 2000°С, time 2min, heating 
100°С/min, Tfinal 3000°C, electron-impact ionisation, 
ionisation energy 70eV, ion source temperature T 
2399°C, detector interface temperature T 2500°C, 
sample volume 1μl. The resulting chromatograms were 
processed using the software MSD ChemStation 
D.03.00.611 Agilent Technologies. Spectrum analysis 
was performed using the software AMDIS 2.64, NIST 
Mass Spectral Search Program Ver/2/0 Dec 2005 with 
the basic library. 

The quantitative composition of squalene, linoleic, 
linolenic, oleic, and palmitic acids were determined by 
the internal standard method using calibration curves. 

The amaranth grain was stored in an ONAFT 

laboratory. The 0.5kg samples of shelled dried 
amaranth grain with the initial moisture content 9% 

were kept in jute bags for a year. The bags were placed 
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in desiccators with controlled air parameters: air 

temperature t=+5, +15, and +25°C, relative humidity 

φ=55 and 75%. The required relative humidity in the 

desiccators was created by the appropriate 

concentration of sulphuric acid solution, and 

refrigerators and thermostats provided the right 

temperature. 

Prior to putting the amaranth in storage, and every 

three months during the storage period, the grain’s 
quality parameters were determined: protein, starch, fat 

and its acid value and acidity in terms of dry matter, 

and the composition of the microflora (QMAFAnM – 

quantity of mesophilic aerobic and facultative 

anaerobic microorganisms). 

The generally accepted quality characteristics of 

amaranth grain were studied at ONAFT departments 

by standard methods [27]. The moisture content was 

determined by the accelerated thermogravimetric 

method (according to ISO712-85) in a drying chamber 

SESH-3ME; protein by the Kjeldahl method 
(ISO5983:2005) using a device Kjeltec8100 made by 

FOSS Tekator (Sweden); starch by polarimetry 

(ISO6493:2000); crude fat by defatting with ethyl ether 

in a Soxhlet apparatus (ISO6492:2000); fibre by acid 

and alkaline hydrolysis (ISO6865:2000); ash by ashing 

in a muffle furnace (ISO5984:2000). The fat quality 

parameters, such as the acid value of fat and the acidity 

of alcohol extracts, were established by the traditional 

titrimetric method [28,29]. 

The microflora of amaranth grain was analysed by 

traditional methods [30]. The quantitative and qualitative 

composition of the microflora was determined by taking 
wipe samples of microorganisms from the surface of 

amaranth grain, followed by its tenfold dilution and 

inoculation on meat-and-peptone agar (MPA) and wort 

agar (WA). The inoculated cultures were grown at +37°C 

and +28°C respectively. The total bacterial count was 

determined on the MPA after 48 hours, and micromycetes 

on the WA after 7 days. Spore forms of bacteria were 

determined in pasteurised wipe samples from amaranth 

grain which were inoculated on a combined growth 

medium MPA+WA (1:1). The generic assignment was 

established by cultural and morphological characteristics. 
After a year of storage (from November 2014 to 

October 2015), the quality parameters of amaranth 

grain were tested in a production environment at the 

farming enterprise Tumanove. 
 

Results of the research and their discussion  
 

At the first stage of the research, the amaranth 

grain was dried. The most common convective drying 

was performed on a test bench installation in a dense 
layer with the initial moisture level 16.4% at 50°C 

and 60°C. The amaranth grain layer was 0.1m thick, 

and the drying agent velocity was 0.6m/s, which 

simulates the drying conditions in industrial grain 

dryers. Amaranth was dried to the standard moisture 

content 9%. 

The results of the study have shown that using a 

drying agent with the temperatures 50°C and 60°C 

allowed reducing the moisture content of amaranth 

grain to the standard acceptable values during drying. 

With these temperatures of drying, the grain was never 

heated above 50°C. The drying process lasted 36 and 

24 minutes at the temperatures of the drying agent 

50°C and 60°C respectively. 
 

Table 1 – Content of squalene and fatty acids in the  

amaranth grain of the variety Ultra before and after 

drying, % on a DM basis (n=3, p≥0.95) 

Parameters 
Before 

drying 

After 

drying 

Content of saponified substances 6.15 5.59 

Content of squalene 1.04 0.91 

Content of 
free acids in 

the 
unsaponified 
fraction, % 

Linoleic acid 1.6 1.6 
Linolenic acid 49.2 49.2 

Oleic acid 14.6 14.6 
Palmitic acid 6.2 6.2 
Stearic acid 2.0 2.0 
Undefined 
substances 

26.4 26.4 

 

Drying the samples of amaranth grain at 50°C and 

60°C has allowed determining such important 

parameters of its quality as the total amount of 

saponified substances, the content of squalene, of 

linolenic, linoleic, oleic, palmitic, and stearic acids. 

The averaged results obtained (% on a dry matter 

basis) are given in Table 1. 

Despite the moderate drying agent temperatures 
(50-60°С), the content of saponified substances in 

amaranth grain decreased by an average of 10.0%, and 

that of squalene by 14.3%, compared with similar 

parameters in freshly harvested grain before drying 

(Table 1). The content of free fatty acids in the 

unsaponified fraction remains unchanged. 

The next stage of the research focused on the 

changes in the amaranth grain quality depending on the 

duration and conditions of storage (temperature and 

relative humidity). 

On studying the changes in the chemical 
composition of amaranth grain during storage, it has 

been found that after 12 months of storage at the 

temperature +25°C and relative humidity 75%, the 

initial total nitrogen content (2.55%) remained about 

the same (2.53%). However, there was a gradual 

decrease in protein nitrogen (from 1.59% at the 

beginning of the research to 1.44% after 12 months of 

storage under the above conditions) and in protein 

(from 9.93% to 9.00%). This was accompanied by a 

corresponding increase in non-protein nitrogen 

compounds: from 0.96% to 1.10% (Fig. 1). 

The histograms make it clear that this decrease in 
the protein content results from longer storage time and 

increased storage temperature and relative humidity. 

The protein changes the least when amaranth is stored 

at the temperature +5°С and relative humidity 55% 

(from 9.93% to 9.19%, i.e. by 8.1%). 
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The changes in the protein content observed 

during storage of amaranth grain can be explained by 

natural ageing processes in grain as a living organism. 

Their intensity increases with the increasing 

temperature and relative humidity. 

In the course of storage, the starch content 

gradually decreases at all temperatures and relative 

humidites (Fig. 2). It should be noted that when 

amaranth is stored at a low temperature (+5°С) and 
relative humidity (55%), the starch content decreases 

more slowly (from 61.4% to 59.7%) than at higher 

temperatures and humidity (from 61.4% to 56.5%). 

The decrease in the mass fraction of starch can be 

explained by the fact that an increase in the 

temperature and humidity intensifies grain’s aerobic 

respiration, which accelerates the consumption of 

carbohydrates this process requires. Besides, longer 

storage intensifies the natural aging processes in 

grain. 

Most parameters of the chemical composition of 
amaranth grain vary with different storage conditions, 

and its fat content changes, too: not only the amount of 

fat (Fig. 3), but its quality as well (Fig. 4, 5). So, after 

12 months of storage at +25°C and at the relative 

humidity φ = 55%, the amaranth grain contained 6.0% 

of fat (with 6.5% in the original sample), and after 

12 months’ storage at +25˚C and φ=75%, the amount 

of fat decreased to 5.0%. 

It should be noted that according to N. Kozmina, a 

famous grain biochemist [28], grain storage leads to 

the greatest changes in the composition and properties 
of the lipid fractions of grain, as they are most 

susceptible to oxidative and hydrolytic processes. 

Various enzymatic processes take place in the lipid 

complex: phospholipids and glycolipids are cleaved, 

and free fatty acids accumulate. Unsaturated fatty 

acids, especially the free ones, are oxidised by oxygen 

from the air and by the enzyme lipoxygenase. 

Peroxides, hydroperoxides, and other oxidation 

products accumulate and can form complexes with 

proteins and carbohydrates. All this affects the quality 

of fats during storage. 
 

a)                                                                                                             

b) 

 

Fig. 1. Change in the protein content of amaranth grain on a DM basis during storage under different conditions:  

a) φ=55%; b) φ=75% 

 
a)                                                                                                             b) 

 

Fig. 2. Change in the starch content of amaranth grain on a DM basis during storage under different conditions:  

a) φ=55%; b) φ=75% 
 

5
15

25

8,6

8,8

9,0

9,2

9,4

9,6

9,8

10,0

0
3

6
9

12 t,  С 

M
a

ss
 f

ra
c
ti

o
n

 o
f 

p
ro

te
in

, %

τ, months
5

15
25

8,6

8,8

9,0

9,2

9,4

9,6

9,8

10,0

0
3

6
9

12
t,  С 

M
a

ss
 f

ra
c
ti

o
n

 o
f 

p
ro

te
in

, %

τ, months

5
15

25

56

57

58

59

60

61

62

0
3

6
9

12

t,  С

M
a

ss
 f

ra
c
ti

o
n

 o
f 

st
a

rc
h

, %

τ, months

5
15

25

56

57

58

59

60

61

62

0
3

6
9

12

t,  С

M
a

ss
 f

ra
c
ti

o
n

 o
f 

st
a

rc
h

, %

τ, months



Хімія харчових продуктів і матеріалів. Нові види сировини / Chemistry of food products and materials. New raw materials 

 

 

Харчова наука і технологія / Food science and technology 85 Volume 15 Issue 1/ 2021 
 

a)                                                                                                             b) 

Fig. 3. Change in the fat content of amaranth grain on a DM basis during storage under different conditions:  

a) φ=55%; b) φ=75% 
 

The simplest way of controlling the changes in the 

quality of fat in grain is monitoring the acid value and 

acidity of fat. Fig. 4 and 5 show how these parameters of 
fat quality change when amaranth grain is stored for 12 

months under different conditions. 

After 12 months of storing the amaranth grain at 

+5°C and φ=55%, there was almost a threefold increase 

(2.9times) in the acid value of fat (Fig. 4). At the relative 

humidity of the air φ=75%, with the temperature and 

storage duration being the same, the acid value of fat 

increased 3.5 times. At +25°C and the relative humidity 

75%, the acid value increased even more significantly – 

6.9 times. 

The acidity of amaranth grain stored under different 

conditions typically increases, too (Fig. 5). It should be 
noted that it is the storage temperature, rather than the 

relative humidity, that determines the changes in the 

acidity of alcohol extract. A higher increase in the acidity 

is observed at the storage temperature +25°C and relative 

humidity of the air 75%. Thus, after 12 months’ storage at 

+5°C and relative humidity 55-75%, the acidity of the 

alcohol extract of the grain increased from 2.4° to 3.3–

3.8°, and at +15°C, it increased from 2.4° to 4.3-4.4°. 

If amaranth is stored at +15°C and relative humidity 

55%, the acid value of fat increases by 3.6 times, and the 

acidity of the alcohol extract by 1.8 times. 
The studies of how different storage conditions 

change the quality of amaranth have also shown that 

regardless of the temperature, relative humidity, and 

duration of storage, the fibre content was 4.40-4.47%, and 

that of minerals 3.85–3.90%. Thus, throughout the year of 

storage, they remained almost at the same level as in the 

control (i. e. these parameters had the same values as at 

the beginning of storage): 4.41% and 3.85% respectively. 

The microbiological parameters of any product are 

very important characteristics of its quality. The most 

common microbiological parameter is the quantity of 
mesophilic aerobic and facultative anaerobic 

microorganisms (QMAFAnM). Used in the food industry, 

it indicates the sanitary condition of production. 

The predominant component of the original bacterial 

microflora of amaranth grain (Fig. 6), and of most cereals, 

too, is the nonsporiferous bacillus Erwinia herbicola. This 
representative of epiphytic microflora is a normal 

companion of grain when it is stored under standard 

conditions, and does not cause grain spoilage. However, 

in large amounts and in the active state, Erwinia herbicola 

intensively emits heat and promotes the process of self-

heating. About a third of the microflora is made up by 

other fungi, and the smallest share is that of coliform 

bacteria. 

At φ=55%, no growth of microorganisms was 

detected on the amaranth grain during storage (Fig. 7). On 

the contrary, the initial number of bacteria and 

micromycetes decreased in the course of 12 months of 
storage by 74.4–88.9% and 78.0–85.0% respectively. 

Storage at the relative humidity 75% resulted in less 

intense reduction in microorganisms: after 12 months, the 

initial number of bacteria and micromycetes decreased by 

60.4–80.7% and 66.1–68.5% respectively. Their largest 

reduction occurred during storage at +5°C, and the 

smallest at +25°C. The decrease in the number of bacteria 

was mainly due to the death of those of the species 

Erwinia herbicola. Almost no micromycete development 

took place at this relative humidity, but a change in their 

species composition was observed. 
During storage, changes were also observed in the 

composition of the fungal flora of amaranth grain. It has 

been noticed that the fungi Alternaria, Cladosporium, 

Mucor, and other unidentified field fungi decrease in 

number, compared with the beginning of storage. 

However, there is an increase in moulds of the genera 

Penicillium and Aspergillus, which become permanent 

components. Almost all fungi developing during storage 

at +5°С and +15°С belonged to the genus Penicillium, 

and at +25°С, fungi of the genus Aspergillus were 

observed to develop, too. 
It should be noted that pathogenic microorganisms 

that could cause accumulation of dangerous toxins in 

amaranth grain were not detected. 
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a)                                                                                                              b) 

Fig. 4. Change in the acid value of fat in amaranth grain during storage under different conditions: 

a) φ=55%; b) φ=75% 

 

 

 
a)                                                                                                                    b) 

Fig. 5. Change in the acidity of amaranth grain during storage under different conditions: a) φ=55%; b) φ=75% 
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Fig. 6. Characteristics of the original composition of the amaranth grain microflora 
 

 

5
15

25

0

10

20

30

40

0
3

6
9

12 t,  С

A
c
id

 n
u

m
b

e
r 
o

f 
fa

t,
 

m
g
 K

O
H

/g

τ, months 5
15

25

0

10

20

30

40

0
3

6
9

12 t,  С

A
c
id

 n
u

m
b

e
r 
o

f 
fa

t,
 

m
g
 K

O
H

/g

τ, months

5
15

250

2

4

6

8

0
3

6
9

12
t,  С

A
c
id

it
y

, 
d

e
g
re

e
s 

a
c
id

it
y

τ, months

5
1

20

2

4

6

8

0
3

6
9

12

t,  С

A
c
id

it
y

, 
d

e
g
re

e
s 

a
c
id

it
y

τ, months



Хімія харчових продуктів і матеріалів. Нові види сировини / Chemistry of food products and materials. New raw materials 

 

 

Харчова наука і технологія / Food science and technology 87 Volume 15 Issue 1/ 2021 
 

 
a)                                                                                                             b) 

Fig. 7. Change in the QMAFAnM (a) and micromycetes (b) after 12 months of storage under different conditions 
 

In the production environment of the farm Olena, 

a grain dryer Astra-Ingul-Mini was used to dry a batch 

of amaranth grain with the initial moisture content 

16.2% and contamination 1.1%. The drying agent 

velocity was 0.6-0.8m/s, the drying agent temperature 
was 58–60°С, and that of the ambient air was 15°С. 

The maximum temperature of heating the amaranth 

grain during drying did not exceed 48–50°С. Cold 

pressing allowed obtaining 6.4% of amaranth oil from 

dried amaranth grain with the moisture content  

9.4–9.6%. The oil’s squalene content was 6.9%, and 

the acid value of fat was 3.12mg KOH/g. Thus, drying 

amaranth grain with the drying agent temperatures up 

to 60°C ensures the acceptable moisture content and 

the required quality of the resulting dried grain. 

The quality parameters of the amaranth grain after 
a year of storage (from November 2014 to October 

2015) were tested in a production environment at the 

farm Tumanove. Grain with the moisture content 9.5–

10.0% and the acid value 3.51% was stored in a floor-

type warehouse under uncontrolled conditions in three-

layer paper bags, each containing 50kg, stacked on the 

wooden floor. During the year of storage, the air 

temperature in the warehouse fluctuated within  

5–20°С, and the relative humidity within 55–80%. The 

initial acid value of fat was 3.51mg KOH/g. In October 

2015, after a year of storage of the amaranth, its quality 
parameters were determined: the grain’s moisture 

content 8.5–9.6%, the acid value 4.86mg KOH/g, 

which complies with those prescribed for amaranth 

food grain. No damage or undesirable changes in the 

quality of amaranth grain during storage were found. 

The amaranth grain was not stored further, because the 

enterprise sold it. 

The successful preservation of the amaranth 

grain’s quality in a production environment can be 

explained by the fact that the average annual air 

temperature in the warehouse was maintained at the 

level of 12.5°С, and the relative humidity was 67.5%. 
The grain was stored in the cold season, which helped 

to reduce its temperature to values of about +5°C. 

Grain storage practice shows that chilled grain, due to 

its poor thermal conductivity, retains its low 

temperature for a long time. This prevents loss of its 

quality, in particular, an increase in its acid value. 

Besides, three-layer bags protect the grain from the 

negative effects of the ambient air humidity. 
 

Conclusions  
 

1. It has been established how convective drying 

of amaranth in a dense layer effects on the total amount 

of saponified substances, on the content of squalene, 

linolenic, linoleic, oleic, palmitic, and stearic acids. It 

has been shown that after amaranth grain is dried at 

50°C and 60°C to the humidity 9%, the content of 
saponified substances decreases by 10.0% and that of 

squalene by 14.3%, compared with freshly-harvested 

grain, and the content of free fatty acids in the 

unsaponified fraction remains unchanged. Field testing 

has confirmed that convective drying of amaranth 

grain, with the drying agent temperatures up to 60°C, 

guarantees the acceptable humidity and proper quality 

of the dried amaranth grain obtained. 

2. It has been established that there are regular 

features in the changes in such basic quality 

characteristics of amaranth grain as protein, starch, 

cellulose, fat, ash, as well as the acid value and acidity of 
fat, when grain is stored for a year at +5°C, +15°C, and 

+25°C and at the relative humidity 55% and 75%. The 

biggest changes have been found to occur after a year of 

storing grain at 25°C and the relative humidity 75%. With 

this storage mode, the protein content decreased by 

13.5%, starch by 8.7%, fat by 29.0%. The content of fibre 

and ash remained almost unchanged. Besides, these 

storage conditions resulted in significant deterioration in 

the quality of fat: the acid value increased by 6.9 times, 

and the acidity of the alcohol extract by 2.9 times. When 

storing amaranth at the temperature +5°С and the relative 
humidity 55%, the decrease in the content of the main 

components was significantly smaller: 8.1% for protein, 

2.9% for starch, and 4.2% for fat. 

3. It has been shown that after 12 months’ storage of 

amaranth grain in the temperature range +5...+25°С at the 

relative humidity φ=55%, the initial number of bacteria 
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and micromycetes decreased by 74.4–88.9% and 78.0–

85.0% respectively. The decrease in the number of 

bacteria was mainly due to the death of those of the 

species Erwinia herbicola. Almost no micromycete 

development took place at this relative humidity, but a 

change in their species composition was observed. 

Thus, to guarantee good preservation of dry 

amaranth grain, with the humidity not exceeding 9%, 

for up to one year, the following storage conditions can 

be recommended: temperature + 5...+15°С and relative 

humidity up to 55%. 
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Анотація. Одним із шляхів вирішення проблеми погіршення стану здоров’я людей може бути широке 
використання рослинних продуктів, серед яких найбільш цінними вважаються рослинні олії, зокрема олія амаранту. 
Вона містить комплекс вітамінів, мікро- і макроелементів, ненасичені жирні кислоти та незамінні амінокислоти та 
унікальну природну біологічно активну речовину, сквален, який виконує низку ключових функцій в організмі 
людини. Однак післязбиральна обробка зерна амаранту, зокрема сушіння, та його наступне зберігання у різних умовах 

можуть значно погіршити його цінні природні властивості. У роботі наведено результати досліджень змін хімічного 
складу та мікробіологічних характеристик зерна амаранту в процесі його сушіння та зберігання у різних умовах, що 
дозволить забезпечити його гарантовану якість при зберіганні. Вивчено вплив сушіння амаранту до вологості 9% за 
температур 50°С та 60°С на загальну кількість обмилених речовин, вміст сквалену, ліноленової, лінолевої, олеїнової, 
пальмітинової і стеаринової кислот, які визначали методом газорідинної хроматографії. Встановлено, що після 
сушіння зерна амаранту відбувається  зниження вмісту обмилених речовин на 10% та сквалену на 14% у порівнянні зі 
свіжозібраним зерном, а вміст вільних жирних кислот в необмиленій фракції залишається без змін. При зберіганні 
амаранту впродовж року за температур +5°С, +15°С та +25°С та відносній вологості повітря 55% та 75%. визначено 
зміни вмісту таких основних показників якості зерна як білок, крохмаль, клітковина, жир, зола, а також кислотне 

число та кислотність жиру, Показано, що найбільші зміни відбулися через рік при зберіганні зерна за температури 
25°С та відносної вологості повітря 75%. При цьому вміст білка зменшився на 13,5%, крохмалю на 8,7%, жиру на 
29,0%. Вміст клітковини та золи практично не змінилися. За цих же умов зберігання відмічено також значне 
погіршення якості жиру – кислотне число зросло у 6,9 разів, кислотність спиртової витяжки у 2,9 разів. При зберіганні 
амаранту за температури +5°С та відносної вологості 55% зниження вмісту основних складових було суттєво меншим 
та склало для білка 8,1%, крохмалю 2,9%, жиру 4,2%. За цих же умов значно знижується життєдіяльність 
мікроорганізмів, що дозволило рекомендувати вказані умови зберігання для промислового використання . 

Ключові слова: амарант, післязбиральна обробка зерна, сушіння зерна, зберігання зерна, сквален, хімічний склад 

зерна амаранту, мікрофлора зерна. 
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