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IDENTIFICATION OF PROMISING
CHICKPEA VARIETIES FOR ENRICHMENT
WITH SELEN

3abesneuenis naceienms exoI0ZIUHO YUCTIUMU OLIKOBUMU XAPUOBUMU NPOOYKMAMU POCIUHHOZ0 NOX0ONCCHHS
€ BAINCTUBOI0 NPOOIEMOIO, ANIe HAMUBHE BUKOPUCTNANHS HOOIE HYMY 00MENCYEMBbCA HAAGHICTNIO 8 HUX AHMUNONCUBHUX
peuosun. Y pesyiomami (hepmenmamusHux npouecie, Sxi npomikaiomo niod 4ac npopouleHns 3epen Hymy, 6Micm
AHMUNONCUBHUX PEUOBUH CYMMEBD 3MeHUYyeMbcst. Pociunnuil 6inox sepna nymy mae soammuicmos 00 axymyaisayii
HeOP2ANIMHUX MIKDOEIeMENMIB, MPANCHOPMYIOUU ix 6 opzaniuni Gopmi, nid Yac 3amMouy8ans iy NPoueci nPopo-
wenns. Bepyuu 0o yeazu posnosciodcenicmy 11o0-0eiyummnux cmanis, asmopu 66axNcall 3a 0OUiIbHEe 8 AKOCMI
sbazauyiouux mixpoeremenmie suxopucmosysamu ceier, a came NaHSeOz; (1 2 — 0,52 mxz/2 ceneny), sxuil
€ cunepzicmom o0y ma 6 opzaniunos’szanomy cmani sdamen documsv nPoOYKMuUeHo 6oPOMUCH i3 100 dedpivum-
nuM 3axeoprosannam. Hayxoeyamu, cenixyionepamu ma mexnonozamu ne 8UsHAUeNi COpmu nymy i3 NOKA3NUKaAMU
SKOCI, W0 € HAUOIILW ONMUMATLHUMU 0L NPouecy npopowenis ma gopmudixayii. Tomy 06’ exmom nposede-
1020 docaiddcenns OYau 3epua nymy pisnozo eezemauitiinozo nepiody pannvocmuzii ma cepednvocmuzii (95..115
ma 115..125 0i6 euspisanns, 6ionosiono), sa nepiod supowysanns 2014..2018 poxu. /Jocridiceno 3azanviui
emicm GinKie Hupie ma 6yzie600is, MAMEMAMUUHO ONPAULOBAHO A ONMUMIZ0EAN0 3G MAKUMU KPUMEPIAMU, K
max Kiavkicmo 0LIKa, min nepiod Upowyeanis, cepeoniil 6Micm Jeupie ma 6yeiesodis, ne menwe ax 100 excne-
PUMEHMATLHUX 3PA3Kie 3epen nymy. Bcmanosneno, wo pannvocmuzni copmu nymy Maoms OnmuMaiviuti emicm
oinka — 19,55 %, acupie — 15,95 % eyenesodie — 64,5 %. Cepednvocmueni copmu nymy maroms — 18,7 % 6Ginka,
15,95 % acupie ma 64,75 % eyene60dis. 3 nposedenozo excnepumenmy 6CMan08IeHO, W0 HAlOLIbu NepeneKmueHUMU
02151 30azauentst CeeHOM € PAHHbOCTNUZILL COPMU HYMY, OCKLIbKU 3a 6MICMOM OLIKA Nepesuuyoms cepeonboCcmueii
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copmu na 0,85 %, a sa sezemauiiinum nepiodom dospisaromo na 20...25 0i6 pamiwe.
Kmouosi cmoBa: nymose 6opowno, sepna nymy, eapiabeivHicms NONCUBHUX PEUOBUN, 30A2AUEeHN CELEHOM,

1100-0eghiyummni cmanu.
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1. Introduction

Modern science of nutrition shows that for the growth,
development, preservation of health, maintaining high ef-
ficiency, the body’s ability to withstand infectious disease
and other environmental factors, physiologically sound
nutrition is necessary. Particular attention is required to a
deficiency of trace elements, which are the most important
catalysts for biochemical processes and participate in the
synthesis and metabolism of hormones, in particular, this
applies to selenium, an essential trace mineral essential
for human nutrition. It acts as an agent that promotes
the detoxification of reactive oxygen derivatives; trace
element is involved in the formation of macrophages, red
blood cells play the role of an antitumor factor [1, 2].
Selenium deficiency is observed in 17 % of the world’s
population. One way to overcome the deficiency of sele-
nium is development of culinary dishes and diets enriched
with organic forms of selenium, which can be introduced
in sanatoriums and restaurant establishments. One of the
favorite recipe ingredients of the Slavic peoples is flour [3].
Flour enriches 30 % of the countries of the world, includ-
ing the USA, Canada, Belgium. Bill No. 9117, registered
in the Verkhovna Rada of Ukraine in 2019, states that
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Ukrainian flour producers in 2020 will be required to
add vitamins and minerals to their products.

It is rational to use legumes, namely chickpeas, as the
raw material for developing enriched flour technology [4, 5].
Plant protein, which is a part of chickpea grains, is able to
accumulate and biotransform inorganic forms of selenium,
forming its organic forms during soaking during germina-
tion. Biological synthesis of organic forms of selenium, in
comparison with other methods, requires little energy and
economic costs, is environmentally friendly and eliminates
the possibility of the formation of harmful by-products [6, 7].
To develop the technology of flour from germinated grain,
enriched with trace elements in the metabolized form,
it is necessary to transport the maximum possible num-
ber of trace elements into the grain [8]. This can be
achieved through the use of solutions of mineral salts,
namely sodium hydroselenite (NaHSeOs), which is a car-
rier of 0.52 ug of selenium per 1 g of substance [9, 10].
Today, the development of new technologies enriched
with selenium that can be implemented in sanatoriums
and restaurant establishments is an important task. This
will solve an important social problem — maintaining
the health of the nation, maintaining high efficiency, the
body’s ability to withstand infectious disease and other
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environmental factors [11]. Studies conducted by various
health authorities and nutrition institutes of Ukraine and
the world [12, 13] indicates the relevance of this problem —
the low intake level of microelement selenium in the hu-
man body with food.

Analysis of published data [14, 15] indicates the rele-
vance of developing new sources of organic trace elements.
A promising biotechnological way of obtaining such sources
of selenium is to use the process of chickpea germination
as objects for its biotechnological accumulation.

The world is actively developing a category of products
of special dietary consumption, characterized by a change in
quality, by adjusting their composition, taking into account
orientation to modern theories of nutrition. The method
of enriching chickpea flour is known, according to which
chickpea grains are germinated in a solution of sea food
salt. According to this production method, at the first stage
of obtaining a salt solution, sea food salt is dissolved in
distilled water (¢=20..23 °C) in a ratio of 2:1. The re-
sulting 2 % solution is used for germination of legumes.
Then the grains are washed, sorted, left in solution at a
temperature of 20...24 °C until sprouts form 1..2 mm long.
Germinated grains are dried at a temperature of 65..70 °C
for 11...13 hours to moisture content of 12...14 %, crushed
to a particle size of 1 mm [16]. Flour made according to
the developed technology has a high content of macro- and
microelements, but researchers have not found how the
chemical composition of grain affects, namely, the protein
content on the degree of microelement accumulation.

Currently, there are scientific works on the development
of technology for the enrichment of flour with selenium,
which consist of chickpea grains germinated in an aque-
ous extract, hydromechanical processing and grinding to
particles with a size of 280—850 microns, and drying [17].
The proposed method allows the manufacture of flour with
high nutritional value and high consumer properties. But
the developers studied only the aforementioned variety,
which makes it impossible to establish the most promising
varieties for enrichment with selenium, the exact content
of the trace element has not been established, only a range
of values has been determined.

All of the above technological approaches were used
by inventors to develop technology for chickpea flour
enriched with selenium, and have a number of disadvan-
tages, including studies of only one vegetative variety.
Scientists have not investigated the nutrient content
in chickpea grains of various vegetative varieties and
promising varieties for enrichment with selenium have
not been determined. Therefore, the object of the study
was the chickpea grains of various vegetation periods,
early ripe and mid-ripening (95...115 and 115...125 days
of ripening, respectively), for the growing period of
2014...2018. Namely, the varieties of the Agrotek collec-
tion nursery. Early ripening varieties: Krasnokutskyi 195,
Sovkhoznyi, Yubileinyi, Brown, Lokhvytsia, Major, Tu-
retskyi, Chornomorka, Gigant, Jupiter (ripening period
95...115 days). Mid-ripening varieties Vector, Boiarynia,
Budzhak, Anatolii, Yevropeiskyi, Pivdenno-Skhid, Tsyha-
nochka, Juvileinyi-2405, Bashkirka, Kvitka (ripening period
115...125 days). And the purpose of the work is identifica-
tion of promising varieties of chickpeas for enrichment
with selenium.

2. Methods of research

The research on nutrient content of sprouted grains
is performed by ion exchange and liquid chromatogra-
phy on a Shimadzu LC-20 liquid chromatograph (Japan).
Mathematical optimization was performed using MATLAB.
The mathematical model is based on all data on varieties
of different vegetation periods for 5 years, 400 indicators
were mathematically processed.

The criteria for evaluating the most promising varieties
for enrichment were: max protein content, min growing
time, average fat and carbohydrate content.

3. Research results and discussion

Tables 1, 2 show the research results of the variability
of nutrients in early ripening and mid-ripening chickpea
grains of the Agrotek collection nursery for the period
2014...2018.

Tahle 1
Study of nutrient variability of early ripening chickpea grains of Agrotek collection nursery for the period 2014..2018
Year
Early ripening 2014 2015 2016 2017 2018
varieties of
chickpeas The total content of proteins, fats and carbohydrates in the studied varieties of chickpea grains
P,% |E% |C % |P%|E%|C%|P%|FE%|C%)|PF%|F%|C%|PF%|F%]|C %
Krasnokutskyi 195 | 239 | 168 | 58.3 | 221 | 160 | 619 | 229 | 165 | 606 | 223 | 167 | 610 | 234 | 16.0 | 608
Sovkhoznyi 27.3 | 154 | 609 | 226 | 158 | 616 | 229 | 153 | 61.8 | 236 | 156 | 60.8 | 230 | 152 | 618
Yubileinyi 241 | 16.1 | 58.8 | 237 | 1589 | 604 | 247 | 154 | 599 | 234 | 158 | 60.8 | 235 | 16.0 | 605
Brown 224 | 159 | 617 | 1611 | 626 | 221 | 221 | 166 | 61.3 | 220 | 1689 | 61.1 | 222 | 165 | 613
Lokhvytsia 1989 | 149 | 652 | 216 | 153 | 631 | 214 | 158 | 628 | 212 | 157 | 631 | 199 | 155 | 646
Major 190 | 171 | 6389 | 210 | 179 | 61.1 | 21.1 | 172 | 61.7 | 198 | 176 | 625 | 198 | 17.7 | 632
Turetskyi 217 | 152 | 631 | 220 | 156 | 624 | 226 | 158 | 616 | 220 | 157 | 623 | 219 | 162 | 618
Chernomorka 203 | 156 | 641 | 217 | 163 | 620 | 20.7 | 167 | 626 | 212 | 168 | 618 | 208 | 169 | 623
Gigant 216 | 173 | 611 | 201 | 162 | 637 | 21.3 | 169 | 618 | 203 | 164 | 633 | 21.7 | 17.0 | 613
Jupiter 212 | 147 | 641 | 214 | 152 | 634 | 216 | 155 | 269 | 219 | 158 | 622 | 21.5 | 16.0 | 625
Note: P. — protein content; F — fat content; C. — carbohydrate content
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Tahle 2
Study of nutrient variability of mid-ripening chickpea grains of Agrotek collection nursery for the period 2014...2018
Year
Mid-ripening 2014 2015 2016 2017 2018
varieties of
chickpeas The total content of proteins, fats and carbohydrates in the studied varieties of chickpea grains
P,% | F % |C % |P%|F%]|C, % |P % |F%|C%|P%|F%|C%|P%|F%]|C %
Vector 19.7 | 155 | 648 | 185 | 159 | 646 | 193 | 151 | 656 | 198 | 150 | 652 | 19.3 | 157 | 650
Boiarynia 20.6 147 | B64.7 19.9 140 | BB6.1 20.2 15.0 | 648 | 20.7 146 | 64.7 | 209 14.3 648
Budzhak 19.7 16.0 | 64.3 | 20.0 16.2 | 63.8 | 20.2 159 | B389 19.6 16.4 | B64.0 19.1 16.2 647
Anatolii 17.3 139 | 68.8 17.0 14.1 68.9 17.8 140 | B68.1 17.4 134 | B69.2 17.8 13.6 686
Yevropeiskyi 159 199 | 642 16.0 | 20.0 | 64.0 15.2 19.2 | B5.6 15.7 19.5 | 648 159 19.7 644
Pivdenno-Skhid 157 | 1611 | 682 | 151 | 164 | 685 | 156 | 16.7 | 67.7 | 154 | 162 | 684 | 159 | 168 | 673
Tsyhanochka 161 | 172 | 667 | 158 | 170 | 671 | 165 | 176 | 659 | 152 | 169 | 678 | 164 | 17.8 | 658
Juvileinyi-2405 147 | 153 | 700 | 141 | 158 | 700 | 145 | 154 | 701 | 148 | 152 | 700 | 143 | 148 | 699
Bashkirka 194 | 163 | 643 | 18.0 | 167 | 643 | 199 | 168 | 633 | 19.3 | 166 | 64.1 | 192 | 16.1 | B47
RKvitka 20.2 154 | 644 | 202 15.0 | 648 | 20.2 15.6 | 642 | 20.2 159 | 639 | 20.2 16.0 638
Note: P — protein content; F — fat content; C. — carbohydrate
Fig. 1, 2 depict the optimization of nutrients in chickpea / Fats 16.55 %
grains of various vegetation periods and different varieties. B4
As experimental studies show, the optimal protein con- i _ gesired indicators ) /
tent in early ripening varieties of chickpeas is 19.5 %, fats é,actual indicators "% ;s

15.95 %, carbohydrates 64.5 %. Mid-ripening — 18.7 %
protein, 16.55 % fat, 64.55 % carbohydrates.

This discrepancy between the chemical composition
of soybean grains is explained, in addition to a different
ripening period, by climatic factors (the number of hot
and rainy days), which significantly affect the chemical
composition of legumes.

Fats 15.95 %
’
/

i"i — desired indicators

[} — actual indicators

Carbohydrates
64.50 %

/ \; Protein 19.55 %
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Fig. 1. Nutrient optimization of early ripening chickpea varieties

The conducted studies show the values of indicators
that are as close as possible to the desired values. The
best result is obtained by early ripe varieties of chickpeas,
which have a high protein content of 19.55 %. As well
as a short growing season, up to 95..105 days.

This is economically advantageous for the «manufac-
turing enterprise», since it does not overlap with sown
winter crops and, as a result, does not lead to downtime
of sown areas.

Carbohydrates
64.75 %

!
/ A
/ \

Protein 18.70 %

\
Fig. 2. Nutrient optimization of mid-ripening chickpea varieties

4. Conclusions

The experiment conducted in the work can establish that
the most promising for enrichment with selenium is early
ripe varieties of chickpeas, since protein content exceeds
mid-ripening varieties by 0.85 %, and ripen 20-25 days
earlier in the growing season.
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