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A BST R ACT
To establish the deadline for freshness and shelf life of wheat during long-term storage, the indicator is consid-
ered — acid number of fat (ANF) mg KOH per gram of fat in the stored grain sample. To study the nature of the 
change of this indicator from temperature and relative humidity of the air, the present studies were performed. 
Samples of grain, harvest 2017, were placed in a desiccator over salt solutions, which were used to set a certain 
relative air humidity above the surface of the solution in the range from 35 % to 75 %. In each desiccator were 
placed two samples of wheat grain III and IV class weighing about 500 g each. The grain layer in the desiccators 
was 70–80 mm. To monitor the state of the samples, the Logger 100 TV temperature and relative humidity record-
ers were placed inside the grain layer with a recording interval of readings after 2 hours. Periodically sampled 
grain from each desiccator for the determination of ANF and humidity. Acid number of fat was determined by the 
accepted standard method.
The uniformity of humidity values in the desiccators 60 % and 75 % occurred after two months of storage. For a 
relative humidity of 35 %, 44 % arrived after approximately one month of storage. Some fluctuations in relative 
humidity values are associated with temperature changes at the storage location (laboratory room), as well as 
with the opening of a desiccator when taking grain samples to determine humidity and ANF. Fluctuations in rela-
tive humidity did not exceed 3 %. Significant changes (growth) of ANF were observed in the fourth to fifth month 
of storage the samples at temperatures above 20 °C, at a storage temperature of 10 °C, practically no significant 
changes in ANF were observed during 9 months of storage.

1. Introduction
In conditions of temperature and humidity storage condi-

tions that meet the requirements of regulatory and technical 
documentation, processes occur in grain and grain products that 
can lead to a decrease in the organoleptic properties (color, smell, 
taste) of products, and, consequently, to the loss of its nutritional 
and commercial value [1,2,3]. According to many studies on the 
storage of grain at moisture below 13.5 % in the grain and grain 
products, the mold does not develop, changes are mainly due 
to hydrolytic processes, primarily affecting the lipid fraction of 
grain products, and are largely determined by the activity of the 
lipase enzyme that leads to the accumulation of free fatty acids 
[4,5,6,7]. To establish the deadline for freshness and shelf life of 
wheat during long-term storage, the indicator is the acid number 
of fat (HP) mg KOH per gram of fat [10]. To study the nature of the 
change of this indicator from temperature and relative humid-
ity of the air, the present studies were performed. Recent studies 
[8,9] confirmed that lipase is active even under conditions of low 
temperatures and humidity; therefore, in grain products stored 
under conditions of standard humidity, even at low temperatures, 
there is a slow accumulation of free fatty acids. The accumula-
tion of free fatty acids reflects the indicator «acid number of fat» 
(ANF), the procedure for determining which is as simple and eco-
nomical as possible, and which is more informative than other 
indicators characterizing hydrolytic processes in grain products, 
leading to a deterioration in their organoleptic properties [3].

2. Materials and methods
The studies were carried out at the All-Russian Scientific and 

Research Institute for Grain and Products of its Processing — 
Branch of the V.M. Gorbatov Federal Research Center for Food 
Systems of Russian Academy of Sciences

In this connection, it is of interest to consider the effect of 
grain moisture on the change in the acid value of fat during 
long-term storage [10,11,12].

Samples of grain, harvest of 2017, were placed in a desiccator 
over salt solutions, which were used to set a certain relative air 
humidity above the surface of the solution in the range from 35 
to 75 %, in accordance with Table 1 [13,14]. Samples were stored 
from April to November 2018 (inclusive), at three temperatures: 
20–27 °C (average for storage period — 23 °C) in the laboratory; 
8÷10 °C in the refrigerator and 30 °C in the thermostat. Five des-
iccators were placed in the laboratory: E1, E2, E3, E4 and E7, in 
the thermostat E5 and in the refrigerator E6.

Saturated salt solutions were poured into the bottom of the 
desiccators to create the desired relative air humidity in the in-
ternal volume. Samples of grain were placed above the solutions.

Before being stored in desiccators, the grain was cleaned of 
impurities on an air-sieve laboratory separator.

Table 1
Salt solutions for setting the required values of relative 

humidity according to GOST 29244–91 (ISO 483–88)
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Name of saturated salt solution 
Average expected storage 
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Е 1 12.4 55 Sodium bichromate Na2Cr2O7 · 2H2O 20

Е 2 10.5 35 Magnesium chlorine MgCl2 20

Е 3 13.7 65 Ammonium nitrate NH4(NO3) 20

Е 4 11.2 44 Potassium carbonate K2CO3 · 2H2O 20

Е 5 12.8 60 Ammonium nitrate NH4(NO3) 30

Е 6 11.2 45 Potassium carbonate K2CO3 · 2H2O 10

Е 7 15.1 75 Sodium chloride NaCl 20
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In each desiccator were placed two samples of wheat grain 
III and IV class weighing about 500 g each. The grain layer in 
the desiccators was 70–80 mm. Logger 100 TV temperature and 
relative humidity recorders were placed inside the grain samples 
with a recording interval of readings after 2 hours.

Periodically sampled grain from each desiccator for the de-
termination of HP and humidity. Acid number of fat (ANF) was 
determined according to GOST 31700–2012, humidity was de-
termined according to GOST 13586.5–2015. The error of the 
method for determining ANF is 10 %, humidity of 0.5 %.

3. Results and discussion
On Figure 1 shows how the relative humidity of the air in the 

desiccators changed during the storage of grain samples. In the 
desiccators E1, E3, E5 and E7, the maximum values of the rela-
tive humidity of 55 %, 65 %, 60 % and 75 %, respectively, occurred 
after approximately two months of storage. In the desiccators 
E2, E4, and E6, the limiting values of the relative humidity of 
35 %, 44 % and 45 %, respectively, occurred after approximately 
one month of storage.

Some fluctuations in relative humidity values are associated 
with temperature changes at the storage location (laboratory 
room), as well as with the opening of a desiccator when taking 

grain samples to determine humidity and ANF. Fluctuations in 
relative humidity did not exceed 3 %. In all grain samples (desic-
cators), the values of relative air humidity (Figure 1) and tem-
perature (Figure 2) can be considered constant within the mea-
surement error.

The graphs presented in Figure 2 characterize temperature 
fluctuations in the thermostat (E5), indoors (E1, E2, E3, E4 and 
E7) and in the refrigerator (E6). The temperatures inside the des-
iccators in a thermostat of 30 °C (E5) and in a refrigerator of 
8÷10 °C (E6) were set simultaneously on the 7th — 10th day of 
storage. In the thermostat, the temperature practically did not 
change during storage; the oscillations were no more than 2 °C. 
The maximum temperature fluctuations occurred in the labo-
ratory, especially in the summer months (from 20 °C to 27 °C). 
Temperature fluctuations in the refrigerator did not exceed 5 °C. 
From the data presented above, it follows that the maximum 
deviation of temperature values from the average value does 
not exceed ± 3.5 °C. Such a temperature change in the accepted 
experimental conditions does not significantly affect the result 
of determining the moisture content of the grain and the acid 
number of fat.

The period of reaching the equilibrium state of the grain in 
humidity (Figure 3) does not depend on the values of the rela-
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Figure 1. Change of relative air humidity in desiccators with grain samples.

(E1 … E7 numbers of execrators according to Table 1)
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Figure 2. Temperature change in the desiccators during period of storage
(E1 … E7 numbers of the desiccators in accordance to Table 1)
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tive humidity of the air. The values of equilibrium moisture for 
grains of the third and fourth classes practically did not differ 
between themselves. The state of equilibrium occurs indepen-
dently of the class of wheat.

From the graphs presented in Figure 4, it follows that the 
change in the ANF of the wheat grain occurred in different ways:

 � in a desiccator E6 for the entire period of storage of the value 
of this index remained at the initial level of 11.5 mg KOH per 
1 g of fat, with 11 % of grain moisture and relative humidity 
of 55 %;

 � in desiccators E1, E2, E4, with grain moisture during storage 
11.8 %; 10.0 %; 10.8 % and relative humidity of 35 %, 44 %, 
50 % to 6 months of storage of ANF also remained at the ini-
tial level of 11.5 mg KOH per 1g of fat, and by the end of 

storage (November) there was an increase of ANF per 1mg of 
KOH per 1g of fat, up to 12.5 (E1), and 12.3 mg KOH per 1g of 
fat (E2 and E4);

 � in the E3, E5, E7 desiccators, the grain moisture in the first 
3 months of storage increased from 11.5 % to 12.8 %, 12.6 % 
and 14.3 %, respectively, and remained at the same level for 
the entire storage period at a relative humidity of 65 % (E3), 
60 % (E5) and 75 % (E7). CNG of grains stored in these desic-
cators for the entire period increased from 11.5 to 14.0 mg 
KOH per g fat. By the end of storage there was a sharp in-
crease in QLH in E7 desiccators up to 17.0 mg KOH per 1g of 
fat (relative humidity 75 % and grain moisture 14.3 %) and E5 
up to 15mg KOH per 1g fat and 60 % relative humidity grain 
moisture 12.7 %.
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Figure 3. Change in moisture content of grain samples in desiccators during period of storage. 
(E1 … E7 numbers of desiccators according to Table 1)

Sample storage period (April ... October)
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Figure 4. Changes in ANF in wheat samples of the 2017 harvest at different temperature and humidity storage conditions 
from April to November 2018
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4. Conclusion
Studies conducted in the laboratory during storage of food 

grains of wheat in desiccators at different values   of relative hu-
midity showed that in conditions of positive storage temperatures 
(up to 23 °C), relative humidity up to 70 %, providing grain mois-
ture from 10 % to 14 % ANF did not exceed 15 mg KOH per g fat.

An increase in relative air humidity up to 75 and an increase 
in grain moisture above 14 % leads to a sharp increase in the acid 
number of fat due to the development of microflora (E7), in the 
period September-November.

Less intensively, in comparison with E7, ANF increased dur-
ing the specified period in the E5 desiccator, in which the rela-
tive humidity of the air was 60 % and the temperature was 30 °C 
(stored in a thermostat). With an even lower growth rate, there 
was an increase in ANF in the desiccator E3, in which the relative 
humidity of air was 65 % and the average temperature was 23 °C.

From the data presented above it follows that the relative 
humidity of air over 60 % affects the increase in ANF values. The 
greater the relative humidity of the air, the more intense the 
ANF increases.

When storing a grain sample, in a desiccator E5, the relative 
humidity of the air was lower than in a desiccator E3, but higher 
temperatures and more intense ANF grows. These data confirm 
the effect of storage temperature on ANF. With increasing tem-
perature, the value of CNG increases.

For wheat grains of the third and fourth classes, there were 
no characteristic differences in the change of ANF. Class wheat 
does not affect the variability of ANF.

Our studies have shown that the results of laboratory experi-
ments are comparable to production data during the storage of 
flour, this allows us to take into account the results obtained in 
the production storage of wheat.

Based on the above, we can draw the following conclusions.
Acid number of fat is a sensitive indicator of the stability of 

the grain mass (applied to wheat grain), which characterizes the 
suitability of the grain for further use in subsequent processing 
into flour.

It must be stated that such factors of grain storage as tem-
perature and humidity are functionally related to the above-
mentioned indicator.

The storage conditions of wheat at temperatures in the 
range from 20 °C to 30 °C significantly affect the value of ANF, 
however, a significant increase in ANF occurs not earlier than 
6 months of storage, according to the conditions of the experi-
ment, but in fact from the moment of harvesting — August-
September 2017

The value of the relative humidity of the air affects the 
change in ANF at storage temperatures above 20–25 °C more 
significantly than at temperatures below 20 °C. This effect be-
comes significant after 6 months of storage.
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