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AWARENESS OF THE EQUILIBRIUM MOISTURE
CONTENT OF CHIA SEEDS IS AN IMPORTANT STEP
TO PRESERVING IT

Abstract

The article presents the results of studies of hygroscopic properties of chia seeds, which is a relatively new culture
for the Ukrainian industry. Chia seeds are a product with a high nutrient content and rich in trace elements, vitamins and
minerals that can be of great benefit to human health. Therefore, the main task of post-harvest technology is to bring it to a
state that will ensure long-term storage of chia seeds without loss in weight and poor quality. An important influence on the
condition of the grain mass during storage and, in particular, during the initial treatment has its hygroscopicity, ie the ability
to sorption and desorption of water vapor. Knowledge about the hygroscopic properties of grain are of practical importance
for the scientific substantiation of the choice of rational modes of active ventilation, drying. The main characteristic of
hygroscopic properties of grain materials is equilibrium moisture, so its determination is an important step for maintaining
the quality of grain. The equilibrium moisture of chia seeds has been determined for the first time. The studies were carried
out by the generally accepted tensimetric method in the range of air temperatures in the range of 5... 25 °C and iota relative
humidity of 33...70 %, which model the conditions of storage of seeds and corresponding to the long-term average data,
correspond to the warm and cold seasons in Odessa region.

The influence of relative humidity, air temperature and grain moisture on the equilibrium moisture of chia was
investigated, numerical values of equilibrium moisture of chia seeds were determined according to environmental
parameters. temperature 5, 15, 25 °C and relative humidity 33, 45 and 70 %.

The nature of the change in the equilibrium moisture of chia seeds was determined depending on the temperature
and relative humidity. With increasing relative humidity and decreasing ambient temperature, the equilibrium moisture of
chia seeds increases.

The empirical coefficients and the equation that describes the dependence of the equilibrium moisture of chia seeds
on the parameters of ambient air - temperature and relative humidity at which its change can be predicted

The data obtained can be used to select drying and active ventilation modes, as well as storage conditions for chia.

Key words: chia seeds, hygroscopic properties, equilibrium humidity.

Introduction is more practical for the scientific justification of the
Chia (lat. Chia) is a relatively new grain for choice of rational modes of active ventilation, drying and
Ukrainian industry. Chia seeds are considered determines the necessary conditions for storage of seeds
“superfood”, a product with a high concentration of nu- [6, 71.
trients and enriched with a large number of trace ele-
ments, vitamins and minerals that can bring huge health Literary review
benefits: to help the body cleanse of toxins, to normalize Equilibrium moisture content is the main charac-
the intestines, to lose weight and saturate the body with teristic of the hygroscopic properties of grain materials;
useful substances. Chia contains healthy omega-3 fatty therefore, its determination is an important step to main-
acids, a high-quality vegetable protein; cellulose; antiox- tain the quality of grain. For chia seeds, the determina-
idants; phosphorus; potassium; iron; zinc; B vitamins [1]. tion of equilibrium moisture is carried out for the first
A significant part of the work is devoted to the study of time.
the biological value and useful properties of chia, and the It is known that the hygroscopicity of the grain
question of its reliable storage is still not well discovered. mass has the greatest effect on the stability of the grain
The great importance for the grain treatment and during storage. Only the grain in which all moisture is in
storage are the sorption properties of the grain mass. The a state bound by colloids [8—10] retains its initial proper-
moisture and odor of the grain that is stored or processed, ties well [8-10].
most often change due to absorption or desorption of Knowledge of the patterns of changes in the equi-
gases or water vapor [2-5]. librium moisture content of grain crops depending on air
Knowledge of the hygroscopic properties of grain humidity and temperature is necessary to expose the
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mechanism of the drying and moistening process. Drying
and moistening is a typical irreversible process, which
ultimately leads to a balance between the material and
the ambient air [8, 11].

The sorption properties of the grain mass is its
ability to absorb (sorb) steam, odors of various substanc-
es and gases from the environment, and also to emit (de-
sorb) them [4, 6, 11].

Sorption phenomena such as absorption, adsorp-
tion, capillary condensation, and chemisorption are ob-
served in the grain masses. The total result of adsorption,
absorption, capillary condensation, chemisorption is
called sorption, and the degree of an ability of the grain
mass to absorb steam and gases under different condi-
tions is called a sorption capacity. It is explained by the
capillary-porous colloidal structure of the grain and the
porosity of the grain mass. A single grain as a multicellu-
lar organism is a porous body with a large surface. The
cells and tissues of grains have numerous macro- and
microcapillaries, the former primarily in the membranes,
and the latter in the endosperm. The walls of macro- and
microcapillaries are involved in the sorption of vapor and
gas molecules. The system of capillaries moves liquefied
steam. The active surface of the grain is 20 ... 25 cm?/g, it
is 20 times higher than its true surface. Therefore, a sorp-
tion phenomenon occurs not only on the surface of the
grain, but also inside each capillary [2, 3].

Hygroscopicity of the grain mass means its ability
to absorb water vapor from the air or to release it into the
environment. Protein molecules of the grain can absorb
up to 240%, and starch - up to 30 ... 38% of water rela-
tive to its mass. Hygroscopicity of the grain depends both
on its properties and on the properties of air. As a result
of the interaction of the grain mass with the environment,
the moisture content of the grain is constantly changing
to achieve equilibrium moisture content.

The moisture from the grain passes into the air
during evaporation, desorption, drying, if the partial
pressure of water vapor around the surface of the grain
(Pv.g) exceeds the partial pressure of water vapor of air
(Pv.a), that is, Pv.g> Pv.a. Moisture from the air is ab-
sorbed by the grain, if Pv.g < Pv.a. The greater the dif-
ference between the partial pressure of water vapor is in
the air and around the grain surface (or vice versa), the
faster the process of moisture redistribution is. After
some time, as a result of the redistribution of moisture,
the partial pressure of the vapor in the air and above the
grain compares and dynamic equilibrium sets in (Pv =
Pv.a.). The moisture content of the grain, which corre-
sponds to the state of equilibrium, is called equilibrium
moisture. The latter depends on its sorption properties
(structure, chemical composition) and on humidity and
air temperature [2, 3].

Formulation of the problem

The object of the study is the hygroscopic
properties of chia seeds.

The subject of the study is chia seeds. The initial
moisture content of chia seeds is 7.55%.

The aim of the study is to establish patterns of
change in the equilibrium moisture content of chia seeds
depending on the temperature and relative humidity of
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the ambient air, which will improve quality and ensure
its long-term guaranteed storage.

To achieve this goal, the following tasks should
be completed:

- determine the value of the equilibrium mois-
ture content of chia at various environmental parameters
(temperature and relative humidity);

- establish the dependence of the equilibrium
moisture content of chia depending on the temperature
and relative humidity of the ambient air;

- determine the empirical coefficients in the
equation of sorption isotherms for predicting the equilib-
rium moisture content of chia depending on the parame-
ters of the ambient air.

Materials and methods

The studies were carried out by the generally
accepted tensimetric method in the range of air tempera-
tures in the range of +5 ... +25° C and its relative humidi-
ty of 33 ... 70%, it simulates the storage conditions of
seeds and the corresponding long-term average data, cor-
respond to the warm and cold season in Odessa region.

For this, a sample of chia seeds in glass jars was
placed in a desiccator with a solution of sulfuric acid of
known concentration, in which the necessary parameters
of relative air humidity were created artificially (using
the appropriate sulfuric acid solution). Each concentra-
tion of sulfuric acid corresponds to certain air humidity
[13]. Chia seeds stored in desiccators and a refrigerator at
a temperature of plus (+5 = 1)° C and in a thermostat at a
temperature of plus (+25 + 1)° C.

Weighing was carried out to establish equilibri-
um moisture content, that is, to a constant mass. Accord-
ing to the change in the mass of the weighed portions in
glass jars at each particular instant of time, the intermedi-
ate moisture content of the grain was calculated. The
initial, flow and final moisture content of the grain was
determined according to DSTU 29144: 2009 (ISO 711-
85).

The results of approximation and smoothing of
the experimental data on the kinetics of hydration for
chia seeds were performed on a PC using standard pro-
grams and programs developed at the Department of
Grain Storage Technology of ONAFT [14].

Results of the study and their discussion

The studies showed that the duration of the ex-
periments to achieve the equilibrium state of the grain
was within 5 ... 7 days. The obtained Equilibrium mois-
ture content is given in table. 1.

An analysis of the data showed that the equilib-
rium moisture content of chia increases with increasing
relative humidity and temperature.

The timing of reaching equilibrium moisture con-
tent of chia seeds in various conditions also fluctuates.
So, at a temperature of +(25 £ 1) °C, equilibrium occurs
on the 7th ... 9th day, and at +(5 £+ 1) °C - on the 5th...8th
day of the experiment.

The most complete characteristic of hygroscopic
properties is the sorption isotherm — the dependence of
the equilibrium moisture content of seeds w, on relative
air humidity o. It is known that the sorption isotherms of

http://grain-feed.onaft.edu.ua
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Table 1 - The equilibrium moisture content of chia

seeds
The conditions of the experiment Equil.ibrium
moisture
relative humid- || ambient tempera- || content w,,
ity%; ture ¢, °C %
33 > 5,85
45 > 6,61
70 > 8,74
33 25 478
45 25 5,69
70 25 7,91

Sorption isotherms of chia seeds at various
temperatures and environmental humidity are shown in
Fig. 1.

As is known, factors such as temperature and rela-
tive humidity of air, the type of grain and its initial mois-
ture content influence the equilibrium grain moisture
[12], which is also characteristic of the chia seeds. We
have confirmed that the determining factor affecting the
magnitude and speed of reaching equilibrium grain mois-
ture is the relative humidity - the more it is, the faster the
grain absorbs moisture and the greater the equilibrium
grain moisture. The equilibrium grain moisture also de-
pends on air temperature: at the same relative air humidi-
ty and a higher temperature, lower equilibrium moisture
corresponds and, conversely, a lower temperature leads
to an increase in the equilibrium grain moisture.

Conclusion
3 1. Numerical val-

5 ues of the equilibrium
moisture content of chia

] seeds were determined by

the environmental pa-
rameters: temperature 5,

15, 25° C and relative air
humidity 33, 45 and

70%.
2. The pattern of
the change in the equilib-

rium moisture content of
chia seeds depending on

temperature and relative
humidity is established.

With an increase in rela-
tive humidity and a de-
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Fig. 1 - Isotherms of sorption of chia seeds at ambient temperature:
1-5°C;2 -15°C;3-25°C

grain can be quite accurately described by a well-known
equation of the form [10]:

0,5
w,=A-B-t+(C-D-t) 1g(Lj :
l-¢

ne w, — equilibrium moisture content of seeds, %,

¢t — ambient temperature, °C;

¢ — relative humidity, %;

A, B, C, D — constants, depend on the form of the
connection of moisture with the dry matter of the grain
and the temperature of the grain and are determined by
the least squares method based on experimental data.

We have determined the values of the empirical
coefficients A, B, C, D for chia seeds: 4 = 0.1528, B = -
0.0668, C =10.4362, D = 0.0360.

60
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crease in ambient tem-
perature, the equilibrium
moisture content of chia
seeds increases.

3. The empirical
coefficients are deter-
mined and an equation is
proposed that describes
the dependence of the equilibrium moisture content of
chia seeds on the parameters of the ambient air — tem-
perature and relative humidity, by which it can be pre-
dicted its change.

4. The obtained data can be used to select the dry-
ing and active ventilation modes, as well as the condi-
tions when put chia for storage.

It should be taken into account during daily tem-
perature drops and temperature changes in granaries and
the external environment, as well as beware of increasing
the relative humidity of the air premium of 70%, espe-
cially in the warm periods of the year, since this leads to
the rapid development of molds and activation of the
enzyme complex.

70 80
Relative humidity, %
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3HAHHS ITPO PIBHOBAKHY BOJIOI'ICTh HACIHHS UIA —
BAKJIMBUI KPOK J10 MOTI'O 3BEPITAHHS

Anomauis

B cmammi nasedeno pesynrvmamu 00Caiodicenb 2iepOCKONTYHUX 8IACMUBOCMEN HACTHHA Yid, sKe 8I0HOCHO HOBOI
KYAbMypoio 07151 YKPAIHCbKOT RPOMUCTIOBOCHIL.

Hacinns uia € npodyxmom 3 6UcOKO KOHYEHMPAyiio NONCUBHUX PEYOSUH Ma 30a2a4eHUM 8eUKOI0 KilbKICMIO
MIKpOeeMeHmie, 8imaminie ma MiHepanis, AKi 30amHui NPUHECIU 6eJIUYe3HY KOPUCms 071 300p08 s ioouHu. Tomy oc-
HOBHUM 3A60AHHAM MEXHON02I NicAA30upanbHoi 00pOOKU € npusedeHHss 00 CMAaHy, wo 3abe3neyums mpueaie 30epi-
2aHHA HACIHHA uia be3 empam é maci i nocipulenns skocmi. Baoicnusuil énnue na cman 3epHo6oi macu npu 30epieanni i,
0cobUB0, npu nepsunHitl 06pobyi mae it ciepockoniunicms, mobmo 30amuicms 00 copbyii i decopbyii napie 6odu.
3uanna npo 2iepoCcKoniuMi 61ACMUBOCMI 3ePHA MAOMb NPAKMUYHE 3HAYEHHS OJid HAYKOB020 OOIPYHMYBAHH 8UOODY
DPAYIOHATLHUX PEAHCUMIB AKMUBHO20 GEHMUNIOBAHHS, CYULTHHSL.

OCHOBHOI0O XAPAKMePUCMUKOIO 2i2pDOCKONIYHUX 81ACMUBOCTEL 3ePHOBUX MAMePIanie € PiBHOBAN’CHA 80102iCHb,
momy ii BUSHAUEHHS € BANCIUBUM KPOKOM OISl 30epedceHHs AKOCmi 3epHd. BusHaueno enepuie pisHo8ax}CHA 80102iCb
Hacinua yia. JlocnioscenHs nposoounu 3a2aibHo NPUUHAMUM MEH3UMEMPUYHUM MemoOoM 8 OIland3oHi memnepamyp
nosimpsa 6 dianazoui nuoc +5...25 °C ma tiomo 6ionocHoi éonozocmi 33...70 %, aKi modenoroms ymosu 30epieanus
HACIHHsL [ BIONOBIOHI 00 6a2amopiuHux cepeorix 0anux, i0nogioaomes meniil i X0J100Hil nopi poxy ¢ Odecbkill obrac-
mi.

Hocnidoiceno enius iOHOCHOT 801020CMi NOBIMPSI, MEMNEPAMypU NOGIMpPsL Ma 80JI020CHI 36PHA HA PIBHOBAJICHY
60J102ICMb 4ia, GUBHAYEHO YUCETbHI 3HAUEHHS PIBHOBANCHOI 60]1020CMI HACIHHA Yia 34 napamempamu HA6KOAUUHbO20
cepedosuwja: memnepamypi +5, 15, 25 °C ma gionocrnoi eonoeocmi nosimps 33, 45 ma 70 %.
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Bcmanosneno xapaxmep 3minu pieHo8acNCHOT 801020CMI HACIHHSA Yia 3ANEAHCHO GI0 memnepamypu ma 8i0HOCHOT
6os1020cmi nogimps. 3i 30inbeHHAM BIOHOCHOT 601020CMI A 3HUICEHHI MeMnepamypu HA8KOIUWHbO20 NOGIMPS Pi6-
HOBANCHA 60102ICMb HACIHHA Yia 3POCMAE.

Busnaueno emnipuuni xoegiyienmu ma 3anponoHo8aHe PiGHAHHS, Ke ONUCYE 3ANEHCHICMb PIGHOBANCHOT 8010~
20Cmi HACIHHSA Yia 610 napamempie HABKOIUUWHbO20 NOBIMPs. — MeMNepamypu ma IOHOCHOT 601020CMI, 3a SKUM MOJIC-
Ha npocHo3yeamu ii 3MiHy

Ompumari Oaui MONCHA BUKOPUCIMOBY8AMU 01 NIOOOPY PEAHCUMIB CYWIHHA Ul AKMUBHO20 8EHMUNIOBAHH, d MA-
KOJIC YMO8 Npu 3aK1A0aHHi Yia Ha 30epieanhsl.

Kniouogi cnosa: nacinns uia, 2iepockoniuni 61acmugocmi, pi6HOBANCHA BONO2ICHb.

JITEPATYPA

Enexmponnuii pecypce. Pesxxcum docmyny: https://uk.wikipedia.org/wiki/[Llaenis_icnancoka.

2. Toonpsmos I'1., Ckaneyvka JI. @., Cenvros A. M., Xunesuu B.C. 30epicanus i nepepobxa npodyxyii poc-
aunHUYmea. naey. nocionux. K.. Mema, 2002. — 495 c.

3. Ioonpsmos I'.I., Poocko B.I., Ckaneyvka JI.®@. Texnonocis 30epicanns ma nepepooxu npooyKyii pociun-
nuymea: niopyunux. — K. : Aepapua ocgima, 2014. — 393 c.

4. Anuckun B.U., Oxyno I'.C., Yuocuxos A.I'. ['uepockonuueckue c80UCMBA 3ePHA PA3IUYHBIX Kyabmyp. M.:
L[UHTH I'ockomsae, 1967. — 86 c.

5. Manun H.HU. Texnonoeus xpanenus sepra: yue6. M.: Konoc, 2005. — 280 c.

6. [Tanomwk O.1, Ocmanuyk M.B., Cmanxesuy I"M., I'anoniok I.1. Axmuene eenmunio8anHs mueHe 6eHmu-

mosants ma cywinus sepia / Odeca: BMB, 2014. C. 23-25.

Hyszix JIM. Texnonozis sbepicanns i nepepobru 3epua: nHaeu. nocio. Xapxie: XHAY, 2013. — 312 c.

Tpuceamckuii JI.A. Xpanenue 3epua. M.: Aeponpomuzdam, 1986. — 400 c.

9. Eeopoe I''A. Bausinue menna u énazu Ha npoyeccvl nepepabomxu u xpaunerus zepua. M.: Konoc, 1973. —
264 c.

10. Cmankesuy, I'M., Oscannurxosa JI.K., Coxonoscoxa O.I'. Obpobxka ma 36epicanns OpiOHOHACIHHEGUX
oniunux Kyremyp: monoepagis. Ooeca: KII OM/], 2016. — 128 c.

11. Bnraea 6 3epne / A.C.IT'unzoype, b.11./[yopoeckuil, E.J[. Kazaxos u op. M.: Koxoc, 1969. — 224 c.

12. Tunzbype, A.C., Casuna U.C. Maccoobmennvie apaxmepucmuku nuujesvix npooykmos: yueb. Mockea:
Jleexas u nuwesas npom-cmo, 1982. — 280 c.

13. Cmapooyoyesa A.U., Cepeynos B.C. IIpakmuxym no xpanenuio sepHa. yued. nocobue ons 8y306. M.: Ae-
ponpomuzdam,1987. — 192 c.

14. Ocmanuyx M.B., Cmankesuu I'M. Mamemamuunemooentosanus na EOM: niopyu. Ooeca: [pyk, 2006. —

~

S N

313c.
Received 24.12.2019 Revised  27.02.2020
Reviewed 18.01.2020 Approved 03.03.2020

Cite as Vancouver Citation Style
Ovsiannykova L., Sokolovskaya O., Valevskaya L., Orlova S. Awareness of the equilibrium moisture content of chia
seeds is an important step to preserving it. Grain Products and Mixed Fodder’s, 2020; 20 (1, 77): 12-16. DOL:

Cite as State Standard of Ukraine 8302:2015

Awareness of the equilibrium moisture content of chia seeds is an important step to preserving it / Ovsiannykova L. et
al. // Grain Products and Mixed Fodder’s. 2020. Vol. 20, Issue 1 (77). P. 12-16. DOI:

16



