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RESUMO

Os alcaloides beta-carbolina mostram uma ampla gama de efeitos psicofarmacol6gicos (por exemplo,
alguns alcaloides beta-carbolina facilitam a transmissdo dopaminérgica e interagem com 0s receptores
dopaminérgicos D1 e D2 no corpo estriado). Este artigo apresenta dados sobre os efeitos neuroprotetores de
compostos alcaloides usando métodos de simulacdo em computador, triagem virtual baseada em docking e
farmacologia experimental. O objetivo do estudo foi investigar a acdo neuroprotetora / protetora contra o estresse
de novos derivados de compostos alcaloides usando os métodos de simulacdo computacional, triagem virtual
baseada em docking e farmacologia experimental. Com o auxilio dos os programas ChemDraw e MGLTools,
foram utilizados os métodos de modelagem computacional das moléculas de derivados alcaloides, triagem virtual
baseada em docking, receptor DRD2 e modelos tridimensionais das moléculas de ligantes. A energia de ligacao
de uma conformacgéo individual foi usada como resultado final, 0 que mostra a forga da intera¢é@o entre o ligante
e a molécula alvo. Foram estudados 22 compostos de alcaloides e seus derivados. A modelagem virtual de
moléculas foi realizada para compostos e receptores, a ligagcdo da molécula "ligante-alvo" foi realizada e os
compostos candidatos foram selecionados. Estudos experimentais in vivo dos efeitos neuroprotetores desses
compostos foram conduzidos no modelo de estresse emocional. Foram estudados os efeitos dos alcaloides
harmina, norharmane e guanina no tempo de imobilidade no teste de natacdo forcada em camundongos, um
modelo de depresséo em animais. Um teste de natag&o forcada e um labirinto positivo elevado foram utilizados
para determinar os efeitos antidepressivos e ansioliticos da harmina em ratos. De acordo com os resultados do
docking, as moléculas apresentadas de compostos alcaloides apresentaram interacdes com o receptor de
dopamina D2. Os resultados obtidos no teste "Elevated Plus Maze (labirinto positivo elevado)" mostraram que 0s
animais tratados com 9-metoxi-2-fenil-11H-indolisino [8,7-B] indol, lappaconitina e citisina na dose de 5 mg/kg,
comparados em ratos do grupo controle, experimentaram uma ac¢do ansiolitica (anti-ansiedade) no estresse
emocional experimental.

Palavras-chave: beta-carbolina, teste de natagdo forcada, triagem virtual baseada em docking, atividade
neurotrépica.

ABSTRACT

Beta-carboline alkaloids show a wide range of psychopharmacological effects (for example, some beta-
carboline alkaloids facilitate dopaminergic transmission and interact with dopaminergic receptors D1 and D2 in
the striatum). This article presents data on neuroprotective effects of alkaloid compounds using computer
simulation methods, docking-based virtual screening, and experimental pharmacology. The purpose of the study
was to investigate the neuroprotective/stress-protective action of new derivatives of alkaloid compounds using
the methods of computer simulation, docking-based virtual screening, and experimental pharmacology. Through
ChemDraw, MGLTools programs, they have used computer modeling of the molecules of alkaloid derivatives,
docking-based virtual screening, DRD2 receptor, and three-dimensional models of the ligand molecules. The
binding energy of an individual conformation was used as a final result, which shows the strength of the interaction
between the ligand and the target molecule. 22 compounds of alkaloids and their derivatives were studied. Virtual
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molecule modeling was performed for compounds and receptors, “ligand-target” molecule docking was carried
out, and candidate compounds were selected. In vivo experimental studies of the neuroprotective effects of these
compounds were conducted in the emotional stress model. The effects of harmine, norharmane, and guanine
alkaloids on immobility time in the forced swimming test in mice, a model of depression in animals, were studied.
A forced swimming test and an elevated plus-maze were used to determine the antidepressant and anxiolytic
effects of harmine in rats. According to the docking results, the presented molecules of alkaloid compounds
showed interactions with dopamine receptorD2. The results obtained in the “Elevated Plus Maze” test showed
that the animals treated with 9-methoxy-2-phenyl-11H-indolisino[8,7-Blindole, lappaconitine and cytisine at a dose
of 5 mg/kg, compared to rats in the control group, experienced an anxiolytic (anti-anxiety) actionin the
experimental emotional stress.

Keywords: beta-carboline, forced swimming test, docking-based virtual screening, neurotropic activity.

AHHOTALUA

BeTta-kapbonunHoBble ankanouabl NPOSABASIOT LUMPOKUIM CNEKTp ncuxodapmMakonorndyeckmx adpekton
(Hanpumep, HekoTopble ankanouabl 6eTa-kapbonuHa obnerdalT godaMuvHepruyeckyo nepegady wu
B3aMMOJEWNCTBYIOT C AodamuHeprmyecknmmn peuentopamn D1 n D2 B nonocatom Tene). B atom cratbe
npeacTaBneHbl AaHHble O HEeWponpOTEKTOPHOM AENCTBUM ankanomgHbIX COEeOUHEHUR C WMCMONb30BaHWEM
METOA0B KOMMbIOTEPHOrO MOAENMPOBaHUSA, BUPTYaNbHOIO CKPMHUHIA HA OCHOBE AOKWMHIa U SKCNepUMEHTanbHOM
dapmakonorun. Lienb nccnegosaHns — nsyveHve HEMPONpPOTEKTOPHOIO/CTPECC-NPOTEKTOPHOMO AENCTBMSA HOBbIX
NPOU3BOAHbLIX ankanonaHblX COEAMHEHWN C MPUMEHEHMeM METOOOB KOMMbIOTEPHOTO MOAENUPOBaHUS,
BMPTyanbHOro [OOKWMHra W 3KcrnepumeHTansHon dapmakonornm. B xoge uccnenosaHMs MCNONb3oBarnuvchb
crnepylowmne MeToabl: KOMMbIOTEPHOE MOAENVPOBaHME MOJSIEKYN NPOU3BOAHLIX arkanouaos, BUPTyanbHbIV
CKPVHWHI Ha ocHoBe AokuHra, peuentop DRD2, TpexmepHble mMoaenu MOMeKyn nuraHaoB, KOTopble Obinu
CKOHCTPYMpPOBaHbI C MCnonb3oBaHnem nporpammel ChemDraw ¢ ncnonb3oBaHvem Habopa nporpamm. Autodock
(Wceneposatenbckun nHeTUTYT Ckpunnca, CLUA), MGLTools (UccnegoBaTtensckuin uHctutyT Ckpunnca, CLUA).
B kayecTtBe KoHe4HOro pesynbrata Obina MCMONb30BaHa 3HEPrUs CBA3M WHAMBMAYarNbHOW KOHopmauuw,
KOTOpasi MokasbiBaeT CUMy B3auMOLEWCTBUSA MEXAY NMraHaoM W MOMeKynon-muweHblo. bbino mnsyyeHo 22
COeOuHeHUs ankanougos M WX MNPou3BOAHbIX. MogenvpoBaHue BMPTyanbHbIX MOMEKYM BbIMOMAHANW ANS
COEOUHEHUA U peuenTopoB, NPOBOOUNN CTLIKOBKY MOMEKYN «NUraHg-mMulleHb» 1 oTohupanu coeanHeHus -
KaHaMaaTbl. JOKCnepuMeHTasnbHble WCCMeaoBaHWsA HEeWpONpPOTEKTOPHbIX 3EEKTOB 3TUX COEAUHEHWUA B
€CTEeCTBEHHbIX YCIOBMAX MPOBOAUNNCL B MOAENU 3MOUMOHanNbHOro crpecca. KMccneposaHo BnusiHue
ankanowaoB ryapeHa, HopxapMaHa M ryaHmHa Ha BpeMsi HENOABWKHOCTU B TECTE MPUHYANTENBLHOMO NiasaHus
Ha MblLlax, MOAeNnn Aenpeccumn Ha XMBOTHbIX. TECT Ha NPUHYANTENbHOE NaBaHne u NabupWHT C NOBbILEHHBLIM
YPOBHEM MI0C ObINW UCMONb30BaHbl AN onpefeneHnst aHTMOAenPeCcCBHOMO Y aHKCMONUTUYECKOTO AeNCTBUS
ryammHa y kpbic. 1o pesynbTatam nNpoBefeHHOro AOKWHra YCTaHOBMEHO, YTO NpefcTaBrieHHble MOSeKynbl
ankanouaHbIX COeAMHEHNI NPOSBMIM B3aumModencTaune ¢ peuentopom godammH D2. PesdynbTaTbl, NONyYeHHbIe
B Tecte «[punogHaTbIi KpecToobpasHbii NabupuHT», nokasanu, YTO B TPYMMNE >XUBOTHbIX, MOMyYaBLUNX
BewecTtBa 9-Metokcu-2-dpeHun-11H-nngonnsmHo [8,7-B] nHAoN, NannakoHUTUH U UMTU3WMH B Jo3e 5 Mr/kr no
CPaBHEHWIO C KpbICaMW KOHTPOMBHOW rPyMMbl B YCNOBUSAX 3KCMEPUMEHTANbHOIO 3MOLIMOHANbHOrO cTpecca,
NPOSBASANOCH aHKCUONMTUYEcKoe (MPOTUBOTPEBOXHOE) AENCTBME.

KnioueBble cnoBa: 6ema-Kap6OJ7UH, mecm npUHydumeanoao rjiagaHusl, eupmyaanb/E/ CKPUHUHe Ha OCHoee
OOKUHea, HeUpomponHa,q aKmueHoCmeb.

1. INTRODUCTION: al.,, 2017; Liu et al.,, 2019). Most beta-carboline
alkaloids are known to be potent inhibitors that
metabolize  catecholamine  neurotransmitters

(Yonezawa et al., 2011; Taborskaya et al., 2017;

Beta-carboline alkaloids show a wide
range of psychopharmacological effects through

binding to benzodiazepine, imidazoline, serotonin
and opiate receptors, as well as monoamine
oxidase (MAO) inhibition (Herraiz et al., 2010; Liu
et al., 2017; Xiong et al., 2018; Costanzi et al.,
2019). Neurochemical and behavioral studies
have shown that some beta-carboline alkaloids
facilitate dopaminergic transmission and interact
with dopaminergic receptors D1 and D2 in the
striatum (Farzin et al., 2011; Li et al., 2017; Ye et

Axen et al., 2017; Moore et al., 2018). Harmine, an
indole alkaloid, shows antidepressant activity,
interacting with MAO-A and several cell surface
receptors, including serotonin 2A receptor (5-
hydroxytryptamine receptor 2A, 5-HT2A) (Réus et
al., 2010; Nasehi et al., 2018; Kwon et al., 2018; Li
et al., 2018; Long et al., 2019; Sun et al., 2019).

The effects of harmine, norharmane, and
guanine alkaloids on immobility time in the forced
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swimming test (FST) in mice, a model of
depression in animals, were studied. It was
concluded that harmine, norharmane and guanine
shorten immobility time in this test, suggesting an
antidepressant effect, due to the inverse agonistic
mechanism located in benzodiazepine receptors
(Farzin and Mansouri, 2006; Dai et al., 2018; Xi et
al., 2018). A forced swimming test (FST) and an
elevated plus maze (EPM) were used to determine
the antidepressant and anxiolytic effects of
harmine in rats compared to a known
antidepressant, imipramine (30 mg/kg ip).
Administration of harmine resulted in a dose-
dependent reduction of the immobility time in the
FST and increased the time spent in the open
arms in the EPM, compared to the group which
received saline (dos Santos and Hallak, 2017;
Herraiz and Guillén, 2018). Therefore, as an
endogenous substance, it has anti-anxiety and
anti-depressant effects (Aricioglu and Altunbas,
2003; Chen et al., 2017; Wang et al., 2018; Ferraz
et al., 2019).

Several potential molecular targets that
have been identified for the central
pharmacological effects of harmine include zinc-
dependent kinases CDK (CDK1, 2 and 5), MAO-
A, 5-HT2A sites, and imidazoline receptors |11 and
2. Harmine is a potent, double specific tyrosine
phosphorylation inhibitor regulated by kinase
(DYRK) (Song et al., 2004; Egusa et al., 2011,
Ueda et al., 2019). Harmine has been reported to
show antidepressant effects in rodents (Réus et
al.,, 2012; Deng et al., 2017; Zhang et al., 2019).
Harmine has anxiolytic, behavioral effects and
antitumor potential both in vitro and in vivo (Hamsa
and Kuttan, 2011; Cui et al., 2019a). Harmine has
a high inhibitory affinity to the kinase activity of
DYRKZ1A, which indicates that harmine can modify
tau phosphorylation (Frost et al., 2011; Zhao et al.,
2019). Harmine also has a dual effect on the
upstream potential of the atrial muscle
(Carpentier, 1982). Also, a cytotoxic activity
against human tumor cell lines has been reported
in humans (Cao et al., 2005; Freire et al., 2018).

At the International Research and
Production Holding “Phytochemistry” (Karaganda,
Kazakhstan), a phytochemical study of an
individual compound obtained from the roots of
harmel peganum (Peganum harmala L.) growing
in the southern regions of the Republic of
Kazakhstan was carried out. Harmine, an indole
alkaloid, was isolated and processed, and a water-
soluble form, harmine hydrochloride, was
synthesized. Studies of harmine hydrochloride
pharmacological activity show edits potential
antiparkinsonian activity (Turmukhambetov, 2009;

Turmukhambetov et al, 2009). Further
toxicological studies showed that harmine
hydrochloride had no toxic effects on the internal
organs or brain in a chronic three-month
experiment in rats at the studied doses of 2.5 and
5 mg/kg (Lou et al., 2017; Zhanaidarova et al.,
2019; Cui et al., 2019b; Kriizselyi et al., 2019).

The antiparkinsonian effects of harmine
hydrochloride were studied in the experiments. To
achieve this goal, the authors used haloperidol-
induced catalepsy and MPTP-induced Parkinson’s
disease. It was found that harmine hydrochloride
at a dose of 2.5 mg/kg eliminated haloperidol-
induced catalepsy in rats and reduced hypokinesia
and rigidity in the test for parkinsonism in C57BL/6
mice (Nurmaganbetov et al., 2019). Based on the
results, the search for new harmine derivatives
with neuroprotective activity was continued.

The purpose of the study was to investigate
the neuroprotective/stress-protective action of
new derivatives of alkaloid compounds using the
methods of computer simulation, docking-based
virtual screening, and experimental
pharmacology.

2. MATERIALS AND METHODS:

The following compounds were presented
for the study: harmine N-oxide, 6-bromoharmine;
8-bromoharmine; 6,8-dibromoharmine; 6-
iodoharmine; 6,8-dichloroharmine; 9-methoxy-2-
phenyl-11H-indolisino[8,7-Glindole; 9-methoxy-2-
(4-methoxyphenyl)-11H-indolisino[8,7-B]indole; 2-
(3,4-dichlorophenyl)-9-methoxy-11H-
indolisino[8,7-B]indole; 2-(4-methoxy-phenyl)-
3,10-bis-formyl-11H-indolisino[8,7-B]indole; 3-
acetyl-9-methoxy-2-phenyl-11H-indolisino[8,7-
Blindole; 8-acetylharmine; 8-formylharmine;
chalcone derivative of harmine; pyrazoline
derivative of harmine; 4-methoxychalcone
derivative of harmine; 4-methoxy-pyrazoline
derivative of harmine; 2,4-dimethoxy-chalcone
derivative of harmine; 2,4-dimethoxy-pyrazoline
derivative of harmine; 2,3,4-trimethoxy-chalcone
derivative of harmine; 2,3,4-trimethoxy-pyrazoline
derivative of harmine; 2-F-chalcone derivative of
harmine; 2-F-pyrazoline derivative of harmine.

Computer modeling of the molecules of
alkaloid derivatives and docking-based virtual
screening with an estimated biological target,
DRD2 receptor, one of the five known types of
dopamine receptors belonging to the class of D;-
like receptors which inhibit adenylate cyclase,
were performed (Aricioglu and Altunbas, 2003).
Three-dimensional models of the ligand molecules
were constructed using the ChemDraw program,

Periddico Tché Quimica. ISSN 2179-0302. (2020); vol.17 (n°35)
Downloaded from www.periodico.tchequimica.com



using a set of programs Autodock (The Scripps
Research Institute, USA), MGLTools (The Scripps
Research Institute, USA). The binding energy of
an individual conformation was used as a final
result, which shows the strength of the interaction
between the ligand and the target molecule.

The experimental part was carried out
following the “Rules of the European Convention
for the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes”
(European Convention..., 1986) and under the
requirements for the studies of new
pharmacological substances in sexually mature
rats (60 animals), equal amounts of females and
males, with initial body weight of 240-370 g. The
animals were kept in standard vivarium conditions
on a regular diet and free access to water and
food. Besides, general conditions of the animals
were evaluated: changes in the animal’s body
weight, motor activity, appetite and reaction to
external stimuli.

Emotional stress was modeled by placing
the rats in tight plastic cylinders with their
subsequent immersion in water to the neck level
(20-22°C) for 2 hours daily for four days (Razueva
et al., 2014). The studied substances were
administered to the animals at doses of 5 mg/kg
for seven days before modeling emotional stress
followed by a daily administration 1 hour before
placing the animals in the plastic cylinders.
Piracetam (JSC "BZMP", Republic of Belarus) was
used as a reference drug, which was administered
to the animals according to a similar scheme. All
drugs were administered daily orally in the form of
an aqueous solution at a dose of 1 ml/kg. The
animals of the control and intact groups received
purified water in the same volume.

On the fourth day after emotional stress
modeling, the behavioral effects of the studied
compounds were assessed using generally
accepted methods in the following tests: “Open
Field” and “Elevated Plus Maze” (Koplik et al.,
1995). Statistical processing of the results was
carried out using the “Statistica 8.0” software
package. The results are presented as “mean
values * standard error of the mean”. The
differences were considered significant at a
significance level of p<0.05.

3. RESULTS AND DISCUSSION:

According to the docking results, the
presented molecules of alkaloid compounds
showed interactions with dopamine receptorD2.
According to the docking results, the following
alkaloid derivatives showed the maximum binding

to dopamine receptor D2: 9-methoxy-2-phenyl-
11H-indolisino[8,7-Blindole (BE = -11.6); 2-(3,4-
dichlorophenyl)-9-methoxy-11H-indolisino[8,7-
Blindole (BE = -10.7); 2-F-chalcone derivative of
harmine (BE = -10.7) (Table 1). The spatial
structures of the ligands and a schematic
representation of the ligand-target interactions are
presented in Figures 1-3.

During the experiment to assess an in vivo
neurotrophic activity, it was noted that body weight
data in the rats from all groups remained within
baseline parameters; there were no significant
changes in body weight gain in the animals from
all groups (Table 2).

Administration of the studied compounds,
harmine,  8-acetylharmine, delcosine and
lappaconitine, to rats reduced the number of
entries into the closed arms; administration of 8-
acetylharmine and lappaconitine increased the
number of peeps. The number of leaning
overincreased in the 8-acetylharmine and
delcosine groups. The number of defecations and
urinations decreased in the groups of 8-
acetylharmine,  ((E)-1-(7-methoxy-1-methyl-9H-
pyrido [3,4-b]indole-8-yl)-3-(2,4
dimethoxyphenyl)prop-2-en-1-on, (E)-1-(7-
methoxy-1-methyl-9H-pyrido[3,4-blindole-8-yl)-3-
(2 fluorophenyl)prop-2-en-1-on and echinopsine
(Tables 3, 4).

According to the docking results, the
following alkaloid derivatives showed the
maximum binding to dopamine receptor D2: 9-
methoxy-2-phenyl-11H-indolisino[8,7-Blindole (BE
= -11.6); 2-(3,4-dichlorophenyl)-9-methoxy-11H-
indolisino[8,7-B]indole (BE = -10.7); 2-F-chalcone
derivative of harmine (BE = -10.7). This
experimental study showed that indole alkaloids, 8-
acetylharmine, 9-methoxy-2-phenyl-11H-
indolisino[8,7-Blindole, diterpene alkaloid
lappaconitine and cytisine at a dose of 5 mg/kg
exhibit neurotropic effects, increase the levels of
orientation and research activity, normalize
emotional state and decrease anxiety and fear
levels in animals.

4. CONCLUSIONS:

The results obtained in the “Elevated Plus
Maze” test showed that the animals treated with 9-
methoxy-2-phenyl-11H-indolisino[8,7-Blindole,
lappaconitine and cytisine at a dose of 5 mg/kg,
compared to rats in the control group, experienced
an anxiolytic (anti-anxiety) actionin  the
experimental emotional stress.

In particular, the time spent in the closed
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arms was reduced by 23.9%in the lappaconitine
group, by 12.5% in the 9-methoxy-2-phenyl-11H-
indolisino[8,7-Blindole group, by 12.4%, in the 8-
acetylgarmine group and by 5.6% in the cytisine
group, compared to the control group. The time
spent by the animals in the open arms increased
by 78% in the 9-Methoxy-2-phenyl-11H-
indolisino[8,7-B]indole group, by 76.4% in the
lappaconitine group, by 76.1% in the 8-
acetylharmine group and by 64.1% in the cytisine
group, compared to the control group. The time
spent on the central site increased by 37.8% in the
lappaconitine group, compared to the control

group.

Therefore, 9-methoxy-2-phenyl-11H-
indolisino[8,7-Blindole, which had the highest
binding energy during ligand-target docking, is a
candidate substance as a stress-protective agent
for further in-depth studies, as well as indole
alkaloids,8-acetylharmine, 9-methoxy-2-phenyl-
11H-indolisino[8,7-B]indole, and diterpene alkaloid
lappaconitine, which showed an anxiolytic effect in
the stress test.
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Figure 1. Interaction between 9-methoxy-2-phenyl-11H-indolisino[8,7-B]indole (Gar-13) and DRD2
receptor; BE = -11.6 kcal/mol™
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Figure 2. Interaction between 2-(3,4-dichlorophenyl)-9-methoxy-11H-indolisino[8,7-B]indole (Gar-17)
and DRD2 receptor; BE = -10.7 kcal/mol™
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Figure 3. Interaction between 2-F-chalcone derivative of harmine (Gar-116) and DRD2 receptor;
BE =-10.5 kcal/mol™
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Table 1. The results of the interaction between the molecules of alkaloid compounds and DRD2
receptor

Binding
Position Name Code Chemical formula Energy -
kcal/mol*

9-methoxy-2-phenyl-11H-
1 indolisino[8,7-B]indole Gar-13
C21H16N20

-11.6

2-(3,4-dichlorophenyl)-9-
methoxy-11H-
indolisino[8,7-B]indole
C21H14CI2N20

Gar-17 -10.7

2-F-chalcone derivative of
3 harmine Gar-116
C22H17FN202

-10.5

9-methoxy-2-(4-
methoxyphenyl)-11H-
indolisino[8,7-Blindole
C22H18N202

Gar-15 -10.4

Chalcone derivative of
5 harmine Gar-105
C22H18N202

-10.3

4-methoxychalcone
6 derivative of harmine Gar-107
Ca3H20N203

-10.3

2-F-pyrazoline derivative
7 of harmine Gar-117
C24H21FN4O2

-10.3

3-acetyl-9-methoxy-2-
phenyl-11H-

indolisino[8,7-Blindole
C23H1sN20:

Gar-24 -10.2

4-methoxy-pyrazoline
9 derivative of harmine Gar-108
C25H24N403

-10.2

2,4-dimethoxy-chalcone
10 derivative of harmine Gar-113
C24H22N204

-10.2

Periddico Tché Quimica. ISSN 2179-0302. (2020); vol.17 (n°35)
Downloaded from www.periodico.tchequimica.com



11

Pyrazoline derivative of
harmine Gar-106
C24H22N402

-9.9

12

2,4-dimethoxy-pyrazoline
derivative of harmine Gar-115
Ca6H26N404

-9.6

13

2,3,4-trimethoxy-chalcone
derivative of harmine Gar-110
C25H24N205

-9.4

14

2,3,4-trimethoxy-
pyrazoline derivative of
harmine
C27H28N40s

Gar-111

15

2-(4-methoxy-phenyl)-
3,10-bis-formyl-11H-
indolisino[8,7-Blindole
C24H18N204

Gar-23

-8.5

16

Harmine N-oxide H.CO “ 1\ JN=o
Gar-N-O : &
Ci3H12N20- \

17

HyCO

8-Formylharmine 8-FGar

-7.5

18

8-Acetylharmine
Ci15H1aN202

HyCO

8-AcGar

7.4

19

6,8-Dichloroharmine

C13H10CI2N20O Gar-6,8Cl

-7.4

20

6,8-Dibromoharmine Gar-
Ci13H10Br2N2O 6,8Br

-7.3
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6-lodoharmine

21 CisHuIN,O Gar-6l -7.2
8-Bromoharmine
22 C13H11BrN2O Gar-8Br 7.2
6-Bromoharmine
23 C13H11BrN20O Gar-6Br -l
Table 2. Weight gain in rats
Weight, g

Group Before After
Intact rats, n=6 296.3 + 20.3* 297.0 £ 20.8
Control (no treatment) n=6 367.8+£8.5 373.3+£10.2
Reference group (Piracetam) n=6 328.0+12.0 3245 +22.7
Harmine (Gar),n=6 303.3 £ 53.0* 307.3 + 49.6*
8-Acetylharminen=6 287.5+18.6 291.3+24.3
9-Methoxy-2-phenyl-11H-indolisino[8,7-B]indole 243.0+ 10.2 241.8 + 6.0*
(E)—1—(7—Methoxy—1—methyl—9H—pyr|d0[3,4—b]Tdole—8—yl)—3— 287 5 + 18.6 2580 + 32.3

(2-fluorophenylprop-2-en-1-onn=6

Delcosinen=6 295.3+£45.5 298.0+ 47.6
Lappaconitinen=6 298.0+ 6.5 301.0+7.7
Cytisinen=6 245.0 £ 8.4* 243.3+ 6.7*
Echinopsinen=6 264.3+ 26.2 262.3 £ 27.9

Note: * — p <0.05 compared to the control group, n — number of animals in the group.

Table 3. Effects of the studied compounds on behavior of the rats in the "Elevated Plus Maze" test

Time spent Time spent Number of Number of
€SP in the entries entries Number
in the : .
Group open into the into the of peeps,
closed
arms, closed closed (n)
arms, (sec.)
(sec.) arms, (n) arms, (n)
Intact rats, n=6 59.5+11.8* 77.3£19.3 3.3x1.9 1.5+1.3 3.0£2.4
Control (no treatment) n=6 161.0+£15.6 8.0+1.2 1.5+0.6 2.0£1.4 2.0£2.3
Reference group 152.0£32.0  20.5+9.8 0.8+1.0 1.5+0.6 5.0£2.2
(Piracetam) n=6
Harmine (Gar), n=6 167.0£8.7* 13.0£8.7 1.5£0.6 1.5£0.6 0.3£0.5
8-Acetylharmine n=6 141.3+40.1 33.5£15.4 1.0+0.8 1.3x0.5 3.0£3.2
9-Methoxy-2-phenyl-11H- 4 /5 135 3¢ 36.3+17.9  1.5+0.6 2012  1.8+10
indolisino[8,7-Blindole
(E)-1-(7- Methoxy-1-methyl-
dH-pyrido[3,4-blindole-8-y)- 15 556 9539 1.0£0.0 1.3t05  0.8%1.0
3-(2-fluorophenyl)prop-2-en-
1-on n=6
Delcosinen=6 164.5+11.5 9.8+4.2 1.3£0.5 1.3£1.0 1.8£2.4
Lappaconitinen=6 125.5£80.4 35.4+£10.8 1.3x0.5 1.5+1.0 2.5+1.3
Cytisinen=6 152.0+£23.6* 22.3£6.3 1.3x0.5 2.0+£0.8 1.3x0.5
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Echinopsinen=6

167.3+12.2*

12.0+£2.0

0.8+0.5

1.3+0.5

0.5+0.6

Note: * — p <0.05 compared to the animals in the control group, n — number of animals in the group.

Table 4. Effects of the studied compounds on behavior of the rats in the "Elevated Plus Maze" test

Numberof Number Time spent
. of on the Number of Number of
Group leaning d tral site defecations  urinations
over, (n) stands, centra ,
(n) (sec.)
Intact rats, n=6 9.0+2.1 2.5+1.3 34.5+12.1 1.3+0.5* 0.5+0.6
Control (rr‘]ozgeatme”t) 25+2.1 0 11.5+8.3 3.3+1.2 0.30.6
Reference group 25+¢1.0  0.3+0.5 6.3+2.3 0 0.3+0.5
(Piracetam) n=6
Harmine (Gar), n=6 1.8+1.7 8.0+3.2 0.5+1.0 0.320.5 0.320.5
8-Acetylharmine n=6 4.3+1.5 0 3.5+1.9 0 0.3+0.5
9-Methoxy-2-phenyl-11H-
indolisino[8, 7-Blindole 1.0+0.2 0 5.0+£3.1 0 0.3x0.5
(E)-1-(7- Methoxy-1-
methyl-9H-pyrido[3,4-
blindole-8-yl)-3-(2- 0.8+0.5 0 3.0+£1.6 0 0
fluorophenyl)prop-2-en-1-
on n=6
Delcosinen=6 3.0+£2.2 0 5.3+2.2 0.8+0.5 0.5+0.6
Lappaconitinen=6 2.841.5 0 18.5+£9.7 0.3+0.5 0.3+0.5
Cytisinen=6 2.5+1.7 0 1.3+£0.10 0.3+0.5 0.3+0.5
Echinopsinen=6 3.3+1.8 0 0.8+0.10 0 0.320.5

Note: * — p <0.05 compared to the animals of the control group, n — number of animals in the group.
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RESUMO

O nitrato de amoénio é o fertilizante de nitrogénio mais comum e eficaz do mundo. No entanto, o nitrato
de aménio tem uma desvantagem muito séria — o risco de incéndio e o risco de explosdo, o que causa certas
dificuldades e limitagbes tanto para seus consumidores quanto para seus fabricantes. O objetivo deste trabalho
foi estudar a possibilidade de produzir os fertilizantes NPK com propriedades agroquimicas melhoradas e com
uma proporgao controlada de nutrientes N/P20s/K20, obtidos com base em uma solugéo de nitrato de aménio,
rocha fosfatica moida e cloreto de potassio. Os experimentos laboratoriais e industriais foram realizados usando
um método de planejamento rotativo — o método de modelagem de segunda ordem Box-Hunter. O artigo
apresenta os resultados de estudos sobre a regulacdo da proporcdo de nutrientes (N/(P20s + K20)) em
fertilizantes contendo NPK, obtidos com base em uma solu¢éo de nitrato de am®onio, rocha fosfatica moida e
cloreto de potassio. Foi estudada a influéncia de variaveis independentes — consumo especifico de nitrato de
amonio, fdsforo moido e cloreto de potassio. Foi obtida uma equacgdo de regressdo adequada da influéncia
desses fatores na proporgédo N/(P20s + K20) nos produtos finais. Os valores-limite do consumo especifico de
nitrato de amdnio, fésforo moido e cloreto de potassio nas misturas iniciais foram encontrados, nos quais o
conteudo total de nutrientes nos produtos-alvo é de 30% a 33%, e o coeficiente N/(P20s + K20) possui um valor
6timo (1,14 - 3,50).

Palavras-chave: nitrato de amonio, farinha fosférica, cloreto de potassio, nutrientes, composi¢&o quimica.

ABSTRACT

Ammoniac saltpeter is the most widespread in the world and effective nitric fertilizer. However, ammonia
saltpeter has a severe disadvantage — fire risk and explosion hazard that causes some difficulties and restrictions
of both its consumers and its manufacturers. The purpose of the present work consisted in the studying the
possibility of production of NPK-fertilizers with improved agrochemical properties and a controlled ratio of nutrients
N/P20s/K20 produced based on an ammonia saltpeter solution, ground phosphate rock, and potassium chloride.
The laboratory and industrial experiments were continued using a rotatable planning method — the Box-Hunter
second-order modeling technique. The article contains the research results on the regulation of nutritious
elements (N/(P20s5+K20)) ratios in the NPK-containing fertilizers produced based on an ammonia saltpeter
solution, a ground phosphate rock, and potassium chloride. The effect of independent variables — specific
consumptions of ammonia saltpeter, a ground phosphate rock, and potassium chloride — was studied. The
adequate regression equation of influence of these factors on an N/(P20s+K20) ratio in the end products was
obtained. Boundary values of the ammonia saltpeter, a ground phosphate rock and potassium chloride specific
consumptions in the initial mixtures were found at which the total content of nutritious elements in the target
products is from 30% to 33% and the N/(P20s+K20) ratio has the optimum value (1.14 - 3.50).

Keywords: ammonium nitrate, phosphorus flour, potassium chloride, nutrients, chemical composition.

AHHOTALWA

AMMMayHasa cenuTpa sBNseTcs Hamboniee pacnpocTpaHeHHbIM B MuUpe U 3PQEKTUBHBIM a30THbIM
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yaobpeHnem. OgHako ammMumadHas cenutpa MMeeT O4eHb CEPbEe3HbIV HEAOCTAaTOK — PUCK BO3HWKHOBEHWS Nnoxapa
1 ONacHOCTb B3pbiBa, YTO BbI3blBAET ONpeaerneHHble TPYAHOCTU N OrpaHUYeHuns Kak y ee notpebutenen, Tak u 'y
ee npoussoauTenei. Llenb HacTosLen paboTbl COCTOANA B U3YyYEHUN BO3MOXKHOCTU nonyyeHnsa NPK-yanobpeHun
C YNy4llEeHHbIMW arpOXMMNYECKUMM CBONCTBAMU N KOHTPOMMPYEMbIM COOTHOLLUEHMEM MUTAaTENbHbIX BELLECTB
N/P20s/K20, nony4yaemMblx Ha OCHOBE pacTBopa aMMUAYHON CENUTPLI, M3MENbYEHHON HhOCHOPUTOBON NOPOAbI U
xnopuaa kanus. JlabopaTopHble M MPOMBbILLIIEHHbIE JKCNEPUMEHTbI BbiNn NpoBeAeHbl C UCMOSb30BaHUEM
BpaLlaloLLleroca Metoga nrnaHMpoBaHuUst — MeToda MOoAEenupoBaHus BTOpPOro nopsigka Box-Hunter. B ctaTtbe
npvBeAeHbl pe3ynbTaTbl MCCNEAOBaHWI MO PEryNMpOBaHNIO COOTHOLLEHWI NnTaTenbHbix anemeHToB (N/(P20s +
K20)) B NPK-cogepxalimx yaobpeHusx, NoslydeHHbIX Ha OCHOBE pacTBOpa aMmMUa4yHOW CENUTPbI, U3MENbYEHHOM
cdoccaTHOM mopodbl U xrnopuga kanus. Bbino M3yyeHo BnMSHME HE3aBUCUMMbIX MEPEMEHHbIX — YAErNbHOro
pacxoda amMua4Howm cenuTpsbl, MonoToro pocdopuTa n xropuaa kanus. Nony4yeHo agekBaTHOE perpeccuoHHoe
ypaBHeHUe BN1sHMA 3Tux pakTopoB Ha oTHoLeHue N/(P20s + K20) B kKOHEYHbIX NpoayKTax. HaaeHbl rpaHnyHble
3Ha4YeHUsa yaenbHbIX PacXxO4o0B aMMWAYHOW CEenuTpbl, MonoToro docdoputa n xnopuaa Kanusa B UCXOOHbIX
CcMecsX, Npy KOTopbIX obLLiee coaepxaHne nuTaTeNbHbIX 3NIEMEHTOB B LieneBbIxX npoaykrax coctasnset ot 30%
00 33%, a N/(P20s + K20) koadppmumeHT umeeT onTumanbsHoe 3HayveHue (1,14 - 3,50).

KnioueBble crnoBa: avmuayHas cenumpa, ¢occhopHasi Myka, X/10pud Kasnus, numamesibHble eeujecmea,

Xumuyeckuti cocmas.

1. INTRODUCTION:

Ammoniac  saltpeter is the most
widespread in the world and effective nitric
fertilizer (Ilvanov et al., 1990; Chernyshev et al.,
2009). It is used in agriculture for all kinds of crops
and any types of soils (Maltas et al.,, 2018;
Besterekov et al., 2019). However, ammonia
saltpeter has a severe disadvantage — fire risk and
explosion hazard that causes some difficulties and
restrictions of both its consumers and its
manufacturers (Oxley et al., 2002; Dechy et al.,
2004; Lavrov and Shedov, 2004; Sinditskii et al.,
2005). For this reason, to obtain rich and
gualitative harvests, it is necessary to apply
balanced mineral fertilizers, i.e., containing
nitrogen, phosphorus, potassium and other
nutrients in reasonable ratios (Skydanenko et al.,
2017; Daitx et al., 2019; Ramadhani et al., 2019).
These are so-called complex fertilizers whose
major characteristic is their high agrochemical
value (Abramov et al., 2002; Levin and Sokolov,
2004; Pavlova, 2007; Ovchinnikov et al., 2008;
Akhmad et al., 2018).

At present, there is a great demand for the
fertilizers containing nitrogen, phosphorus and
potassium that promotes numerous researches on
introduction of phosphorus and potassium-
containing components, be it natural minerals, the
products obtained at their industrial processing or
technogenic  phosphorus and  potassium-
containing waste, in ammonia saltpeter melt
(Belova and Ryabtseva, 2007; Dmitrieva and
Ovchinnikov, 2007; Botirov and Beglov, 2008;
Kiiski, 2009; Reymov et al., 2013; Taran and
Taran, 2016; Tugalukov et al., 2017; Zhang et al.,
2018; Hirzel et al., 2019; Yan et al., 2019).

The only manufacturer of ammonia

saltpeter in the Republic of Kazakhstan is
“KazAzot” JSC (Aktau, Kazakhstan). To solve the
above-mentioned problem on the improvement of
ammonia saltpeter agrochemical value and
consumer properties, the own phosphate ores of
the Republic of Kazakhstan can be successfully
applied (Directory of deposits..., 2014). According
to a draft proposal of the “KazAzot” JSC
concerning to determination of new possibilities of
improvement of agrochemical and consumer
properties of ammonia saltpeter, the scientific
personnel of the chair “Chemical technology of
inorganic substances” of M. Auezov South
Kazakhstan  State  University  (Shymkent,
Kazakhstan) (Official site..., 2019) has
implemented the research on production of new
NPK fertilizers on the basis of the following initial
components: the ammonia saltpeter solution
produced by “KazAzot” JSC, State Standard 2-
2013; the ground phosphate rock of FM-2 grade
(TS 930640000252-01-2011, 17% of P20s),
produced by “Temir-service” LP (Aktyubinsk,
Kazakhstan) from the Chilisay phosphorite (The
mining company..., 2014); potassium chloride —
the most available potassium salt — meeting to
technical requirements 2184-048-00203944-
2014. Under the agreement with the customer, the
64-71 % ammonia saltpeter solution obtained in
accordance with the traditional ammonia saltpeter
technology at the first evaporation stage was
applied as the initial component. The agreed
content of nitrogen, phosphorus pentoxide and
potassium oxide in the end products were 10-28%,
2.5-10%, and 2.5-10%, respectively.

The purpose of the present work consisted
in the studying the possibility of production of NPK-
fertilizers with improved agrochemical properties
and a controlled ratio of nutrients N/P,Os/K>O
produced based on an ammonia saltpeter
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solution, ground phosphate rock and potassium
chloride.

2. MATERIALS AND METHODS:

The research was carried out under the
laboratory conditions of M. Auezov SKSU. The
experimental results were tested at a trial plot of
the operating ammonia saltpeter manufacture of
“KazAzot” JSC. During the experiments, the
individual volumes of 64-71% ammonia saltpeter
solution with temperature of 110-130°C were
mixed with calculated weights of the ground
phosphate rock and potassium chloride (Dier et
al., 2018; Galliou et al., 2018; Sigurnjak et al.,
2019). Insignificant quantities of a modifying
mineral additive were also added in the mixture.
The obtained suspension was carefully agitated
and fed at the temperature of 120-130°C in
sprayers of a granulating drum where the mixture
was sprayed and dried by a direct-flow drying
agent and granulated at the observance of
technological parameters of the operating
ammonia saltpeter manufacture (lvanov et al.,
1990; Technological regulations..., 2012;
Artyukhov and Ivaniia, 2017; Boyandin et al.,
2017; Gorbovskiy et al., 2017; Lombardo et al.,
2017; Churov et al., 2018; Rus et al., 2019).

The analysis of composition and properties
of the initial components and the obtained NPK-
fertilizer samples was implemented according to
the methods given in the standard documentation
on the fertilizers:

— the total nitrogen content in the obtained
NPK fertilizer according to State Standard 30181;

— the total and assimilable phosphorus
pentoxide content (P:Ostotal, P,Osassim.) — in
accordance with State Standard 20851.2-75;

— the potassium chloride mass fraction — in
accordance with State Standard 20851;

— moisture content — in accordance with
State Standard 20851.4;

— strength of the fertilizer granules on a
device IPG-1M;

— pH on a device 1-160 Ml (Raposo et al.,
2017; Gezerman and Corbacioglu, 2017; Bamatov
et al., 2019; Macholdt et al., 2019).

3. RESULTS AND DISCUSSION:

Tables 1 and 2 contain the results of the
experimental research carried out at the laboratory
and industrial conditions. Specific consumptions of
the ammonia saltpeter, ground phosphate rock,

and potassium chloride were calculated in terms
of 1 tonne of the target product.

First of all, the influence of specific
consumptions of ammonia saltpeter, ground
phosphate rock and potassium chloride, and also
content of nutritious elements in them on the ratio
of N/(P20s+K20) in the target products was
studied. The results of the research are
represented in Figures 1-3.

As follows from the obtained results, the
change of the N/(P.0s+K0) ratio in the products
depends on two opposite processes: its growth at
the increase in the nitrogen content, i.e. the
specific ammonia saltpeter consumption, and its
decrease at the increase in the phosphorus and
potassium content, i.e., specific consumptions of
the phosphorite and potassium chloride. In this
connection, the further research was performed
using a rotatable second-order experiment’s
planning technique (the Box-Hunter method)
(Akhnazarova and Kafarov, 1985; Zecevi¢ et al.,
2017; Silver et al., 2018; Jameel and Al-Tai, 2017,
Bijarniya et al., 2019). The ratio of N/(P205+K,0)
in the product was the optimization parameter.
Table 3 contains the information about domains of
variation of the independent variables calculated
based on data of Table 1. The experiments’
planning matrix and results are represented in
Table 4.

Using the data of Table 4 and (Inkov et al.,
2000) we obtained the regression equations of
influence of ammonia saltpeter, phosphorite and
potassium chloride amounts in the initial mixture
on the N/(P:0s+K;0) ratios in the coded and
natural kinds (Equations. 1-2):

Determination of the coefficients in
regression equation (2) was carried out using the
Student’s test, and the adequacy of the equation —
using the Fisher’s test. In our case, the Fisher’s
test tabular value makes 5.10, and its calculated
value taking into account a 5% error of the
experiment is 5.00. As Fup > Fca, the obtained
regression  equation is adequate. The
experimental and calculated according to (2)
values of N/(P.0s+K20) ratios in the NPK fertilizers
produced are represented in Table 5.

On the basis of equation (2) using the
MathCAD program (Ochkov, 2007) the 3D images
of response surfaces of N/(P20s+K>O)nat = f (AS,
GPR at KCI = const = 0.097; 0.063; 0.131; 0.154;
0.352 (according to data of Table 4)) and their
horizontal sections were constructed (Figures 4-
8).

Besides the N/(P20s+K:0) ratio, modern
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fertilizers should meet the following requirements:
the size of fertilizer's granules — 2-4 mm, their
mass fraction — not less than 83-89%, the
granules’ strength — not more than 60 N/g. As
follows from Table 2 data, these requirements are
fulfilled if the N/(P.Os+K-0) ratio 2 1.14. Figures 1-
5 show the areas mnpj, xyzh, abcd, gwvf, rusk, for
which this ratio is 1,14-3.50.

Table 6 contains the information about the
boundary values of optimization parameters and
variable factors for N/(P.0s+K-0) =1.14.

As follows from Figures 1-5 and table 6, the
least value of the optimization parameter — the
N/(P20s+K20) ratio — is characteristic for the
technological area rusk. Therefore, the
optimization of the process studied should be
carried out within the rusk area. The values of
technological parameters in the rusk area are
represented in Table 7.

Judging by the data of Figure 5 and Table
7, the optimum values of ammonia saltpeter and
ground phosphate rock specific consumptions at
the maximum allowed particular potassium
consumption chloride equal to 0.154 t and the
N/(P20s + K;0) ratio in the NPK-fertilizer obtained
within 1.14-1.73 are situated on lines ks (ammonia
saltpeter) and su (phosphorite). That is the specific
consumption of ammonia saltpeter can change
from 0.47 tto 0.71 t, and for the phosphorite — from
0.23tt0 0.47 t.

4. CONCLUSIONS:

Based on the results obtained at the
modeling the influence of ammonia saltpeter,
ground phosphate rock and potassium chloride
specific consumptions on the nutrients (N/(P2Os +
K20)) ratio in the NPK-containing products it is
possible to draw the following conclusions:

— the change of the N/(P20s+K;0) ratio in
the target products depends on two opposite
processes: its growth at the increase in the
nitrogen content, i.e., the specific ammonia
saltpeter consumption, and its decrease at the
increase in the phosphorus and potassium
content, i.e., specific consumptions of the
phosphorite and potassium chloride;

— to produce the NPK-containing fertilizers
of required quality and with the (N/(P20s + K20)
ratio within 1.14-3.50 based on the 64-71%
ammonia saltpeter solution (State Standard 2-
2013), the Chilisay ground phosphate rock of FM-
2 grade (TS 930640000252-01-2011, 17% of
P20s) and potassium chloride meeting to technical
requirements  2184-048-00203944-2014, the

consumptions of the components should be
maintained in the following limits: ammonia
saltpeter — 0.4-0.71 t, Chilicay ground phosphate
rock — 0.23-0.47 t, potassium chloride — 0.040-
0.131 t. At the maximum allowed potassium
chloride rate (0.154 t), the corresponding
consumptions of ammonia saltpeter and Chilisay
phosphorite are in the limits of 0.47-0.71 t and
0.23-0.47 t, respectively. In this case, it is possible
to produce many nitrogen, phosphorus, and
potassium-containing fertilizers in which the total
content of nutritious elements will make: 33%;
32%; 31%; 30%; that convincingly enough prove
their high agrochemical value.
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N/(PzOs"‘KzO)cod = 4.449'212— 0.3251-7,-Z,—26.631-Z1-Z3+ 1.362-Z, — 2.189-222 + 8.07 - Z»-Z3-
0.722-Z,+ 47.803-Z2— 7.214-Z3+ 1.462 (Eq. 1)

N/(P205+K20)nat = 1.462 + 1.362-AC — 0.722:OM — 7.214-KCl + 4.449-AC? — 2.189-®M?+47.803-KCI> —
0.3251-AC-®M — 26.631-AC-KCI + 8.07-®M-KCl (Eq. 2)

Table 1. Specific consumptions of the initial components, contents and ratios of nutrients in the end

products
Fertilizer Specific consumption, tonne Content of a Ratio of the
sample | Ammonia Ground Potassium | nutrient (N, P2Os, nutrients
saltpeter,t | phosphate chloride, t K20) in the end | (N/P.0s/K;0)in

(AS) rock, t(GPR) (KCI) product, % the end

product

1 0.814 0.146 0.040 28.0/2.5/2.5 11.2/1/1

2 0.639 0.283 0.078 22.0/5.0/5.0 4.4/1/1

3 0.553 0.351 0.096 19.0/6.0/6.0 3.1/1/1

4 0.466 0.412 0.113 16.0/7.0/7.0 2.28/1/1

5 0.437 0.442 0.121 15.0/7.5/7.5 2.00/1/1

6 0.290 0.557 0.153 10.0/10.0/10.0 1.05/1/1
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Table 2. Basic physical and chemical properties of the fertilizers obtained

Fertilizer | pH of the | Humidity | Strength of | The ratio in the end product Mass
sample 10 % of the the N:P,0s:K,O | N/(P.0s+K,0) | fraction of
solution product, fertilizer 2-4 mm
% granules, granules
N/g in the end
product,
mass %
1 6.38 0.17 50.58 11.2:1:1 5.60 85-95
2 6.40 0.17 55.70 4.4:1:1 2.20 85-94
3 6.47 0.17 58.68 3.1:1:1 1.50 84-89
4 6.50 0.15 60.65 2.28:1:1 1.14 83-89
5 6.55 0.16 62.47 2.00:1:1 1.00 81-88
6 6.65 0.15 66.15 1.05:1:1 0.52 78-80
Table 3. Variation intervals of the variables
Variation Variables
interval Code Natural kind
kind
Xi Ammonia saltpeter | Ground phosphate rock KCI
consumption, tonne consumption, tonne consumption,
tonne
Basic level 0 0.552 0.352 0.097
Variation A 0.156 0.123 0.034
interval
Upper level +1 0.708 0.475 0.131
Lower level -1 0.396 0.229 0.063
Upper star arm | +1.68 0.814 0.557 0.153
Lower star arm | -1.68 0.290 0.146 0.040

Table 4. The planning matrix and results of studying the effect of ammonia saltpeter, ground phosphate

rock and potassium chloride in the initial mixture on the nutrients’ ratio in the end products

No. Variables N/(P-0s+K0)
Code kind Code kind ratio in the
X1 X2 Xs AS, tonne | GPR, tonne | KCI, tonne fertilizer

1 +1 +1 +1 0.708 0.475 0.131 1.50

2 -1 +1 +1 0.396 0.475 0.131 0.84

3 +1 -1 +1 0.708 0.229 0.131 2.00

4 -1 -1 +1 0.396 0.229 0.131 1.18

5 +1 +1 -1 0.708 0.475 0.063 2.50

6 -1 +1 -1 0.396 0.475 0.063 1.14

7 +1 -1 -1 0.708 0.229 0.063 3.00

8 -1 -1 -1 0.396 0.229 0.063 1.75

9 +1.68 0 0 0.814 0.352 0.097 2.90
10 -1.68 0 0 0.290 0.352 0.097 0.80
11 0 +1.68 0 0.552 0.557 0.097 1.20
12 0 -1.68 0 0.552 0.146 0.097 1.70
13 0 0 +1.68 0.552 0.352 0.153 1.20
14 0 0 -1.68 0.552 0.352 0.040 2.20
15 0 0 0 0.552 0.352 0.097 1.58
16 0 0 0 0.552 0.352 0.097 1.68
17 0 0 0 0.552 0.352 0.097 1.65
18 0 0 0 0.552 0.352 0.097 1.55
19 0 0 0 0.552 0.352 0.097 1.53
20 0 0 0 0.552 0.352 0.097 1.52
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Table 5. Comparative data of experimental and calculated values of nutrients ratios in the NPK-

fertilizers
No. N/(P.0s+K,0) experimental N/(P20s+K:0) calculated Error, %
1 1.50 1.62 -7.87
2 0.84 0.79 5.09
3 2.00 1.97 1.42
4 1.18 1.12 4.59
5 2.50 2.49 0.02
6 1.14 1.11 2.32
7 3.00 2.99 0.40
8 1.75 1.58 0.88
9 2.90 2.83 2.57
10 0.80 0.95 -18.62
11 1.20 1.14 4.70
12 1.70 1.83 -7.69
13 1.20 1.18 1.93
14 2.20 2.29 -4.44
15 1.58 1.58 -0.06
16 1.68 1.58 5.90
17 1.65 1.58 4.19
18 1.55 1.58 -2.00
19 1.53 1.58 -3.33
20 1.52 1.58 -4.01

Table 6. Boundary values of optimization parameters and variable factors

Technological AS specific Phosphorite specific KCl specific Optimization
area consumption, t consumption, t consumption, t parameter
N/(P20s+K20)
mnpj 0.4-0.71 0.23-0.47 0.040 1.30-3.50
xyzh 0.4-0.71 0.23-0.47 0.063 1.15-3.00
abcd 0.4-0.71 0.34-0.47 0.097 1.14-2.43
gwvf 0.41-0.71 0.23-0.47 0.131 1.14-1.95
rusk 0.47-0.71 0.23-0.47 0.154 1.14-1.73
Table 7. Ranges of technological parameters in the rusk area (Figure 5)
Points in Ammonia saltpeter Ground phosphate KCI specific N/(P20s + K,0)
Figure 5 specific rock specific consumption, t | ratioin the end
consumption, t consumption, t product
r 0.61 0.47 0.154 1.14
u 0.71 0.47 0.154 1.40
s 0.71 0.23 0.154 1.73
k 0.47 0.23 0.154 1.14
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RESUMO

Um método bem conhecido, acessivel e barato de modificacdo de biopolimeros é simplesmente sua
mistura com polimeros sintéticos e naturais. Como resultado, semelhante as ligas metalicas, é possivel obter
complexo interpolimeros com propriedades predeterminadas. Apesar do fato de que os complexos interpolimeros
terem sido estudados e aplicados ha muito tempo, na pratica doméstica o estudo de biopolimeros naturais é
limitado. O objetivo deste estudo € apresentar e estudar o problema de estruturagcdo em solucdes de biopolimeros
e polimeros sintéticos, uma vez que, com baixo teor de matéria seca, essas estruturas tém muitas propriedades
do corpo sélido. Polimeros anfoliticos naturais sé@o polieletrolitos, o que também é de grande importancia para
estudos futuros. Ao analisar os resultados de estudos de complexos formados por um polieletrélito linear sintético
com o parceiro carregado — a proteina, torna-se possivel criar novos complexos de polieletrélitos “inteligentes”
gue podem sofrer alteracdes de fase em faixas estreitas e controladas de pH. Foi estabelecido o efeito positivo
da carboximetilcelulose de sddio na gelificacdo de hidrogéis de gelatina a 5%. Foi estabelecido que a presenca
de aditivos de sais inorganicos leva a um aumento na expansao de géis de gelatina. Foi também estabelecido
gue os géis mais duraveis sdo menos propensas ao envelhecimento. A importancia pratica desses estudos é
determinada pelo fato de que em varias industrias de alimentos, sabao, tinta e verniz e outras, é necessario obter
estruturas com as propriedades desejadas. A formagédo dos géis também pode ser um fendmeno indesejavel que
deve ser evitado, por exemplo, na produc¢éo de fibras quimicas, colas e solu¢des de bronzeamento. Além disso,
na maioria dos casos, 0s proprios objetos biol6gicos sdo os géis de proteinas com certas propriedades
mecanicas.

Palavras-chave: estrutura e dindmica de gel de gelatina, gelificacdo de gelatina, colapso de redes heterogéneas,
expanséo de gel de gelatina, adsor¢éo de gelatina.

ABSTRACT

A well-known, affordable, and cheap method of modifying biopolymers is their simple mixing with synthetic
and natural polymers. As a result, similar to metal alloys, polymer-polymer complexes with predetermined
properties can be obtained. Although interpolymer complexes became a subject of study and application a long
time ago, in domestic practice, the study of natural biopolymers is limited. The purpose of this study was to present
and study the issue of structuring in solutions of bio- and synthetic polymers, as with a low dry matter content
such structures have many properties of a solid. Natural ampholytic polymers are polyelectrolytes, which is also
of great importance for their further study. By analyzing the results of studies of complexes formed by a synthetic
linear polyelectrolyte with a charged partner — protein, it becomes possible to create new “smart” polyelectrolyte
complexes that can undergo phase changes in narrow, controlled pH ranges. The positive effect of sodium
carboxymethyl cellulose on the gelation of 5% gelatine hydrogels was established. It was determined that the
presence of additives of inorganic salts leads to an increase in the swelling of gelatine gels. It was established

Peri6dico Tché Quimica. ISSN 2179-0302. (2020); vol.17 (n°35)
Downloaded from www.periodico.tchequimica.com
23



that more durable gels are less prone to aging. The practical significance of these studies is determined by the
fact that in many industries (food, soap, paint, and varnish), it is necessary to obtain structures with tailor-made
properties. Gel formation may also be an undesirable phenomenon that must be prevented, for example, in the
production of chemical fibers, glues, and tanning solutions. Furthermore, biological objects themselves in most
cases, by their nature, are protein gels with specific mechanical properties.

Keywords: structure and dynamics of gelatine mixed hydrogels, adsorption on solid surfaces, collapse of
heterogeneous networks, swelling and aging of mixed gelatine hydrogels.

AHHOTALUA

XOpoLo M3BECTHbIM, AOCTYNHbIM U AelieBbiM MeToAoM Moaudukauun GruononnmeposB SBNSETCA UX
NPOCTOE CMELUEHWE C CUHTETUYECKUMU W NPUPOAHbIMKM nonumepamun. B pesynbtate, nogobHo cnnaBam
mMeTannam, MOXHO Nony4YmTb NONMMEP-NONIMMEPHbIE KOMMNIEKCHI C 3apaHee 3agaHHbIMKU cBoncTBaMu. HecMoTps
Ha TO, YTO MHTEPNONIMMEPHbIE KOMMMEKCHI HAYanu ndy4aTbCs 1 NPUMEHATLCA AaBHO, B OTEYECTBEHHON NPaKTUKe
n3yyeHne NpupoaHbiX BGrononmmepos orpaHuyeHo. Llenb gaHHoOro nccnegoBaHus — NpeacTaBUTb U U3YyYUTb
npobnemMy CTPyKTYpypoBaHWS B pacTBopax OGMO- M CMHTETUYECKMX MONMMEPOB, TaK Kak Mpu He3HauyuTenbHOM
coaepKaHMn Cyxoro BellecTBa Takne CTPyKTypbl 06nagatoT MHOrMMy cBoncTBamu TBepaoro tena. NpupogHblie
amonuTHble NOMMMeEpbl ABNATCA MONUINEKTPONUTaMKn, YTO TaKkKe MMeeT OrpoMHOe 3HaveHue Ans UX
AanbHewnwero nsyyeHns. AHanu3npys pesynbTaTtbl UCCegoBaHWM KOMMNIEKCOB, 0Opa3oBaHHbIX CUHTETUYECKUM
FIMHENHbBIM NONIMANEKTPONIUTOM C 3apsPKEHHBbIM NapTHEPOM — 6efKOM, CTAHOBUTCS BO3MOXHbIM CO3[aHMNe HOBbIX
«YMHbIX» MOMUINEKTPONMUTHBIX KOMMMEKCOB, CMNOCOBHbLIX npeTepneBaTb (as3oBble W3MEHEHUS B Y3KMX,
KOHTPONMpYeMbIX AvanasoHax pH. YCTaHOBMEHO NONMOXUTENbHOE BNUAHME HATpUikapboKkCUMeTUnNLennonossol
Ha reneobpasoBaHune 5% rugporenen xenatvHa. YCTaHOBEHO, YTO NpUCyTCTBME A06aBOK HEOopraHW4YecKkmx
conen NpuBOAMT K yBenuueHunio HabyxaHus CTygHew xenaTuHa. YCTaHoBMeHo, 4YTo 6onee npoyHble CTyOHU
MeHee noaBepKeHbl cTapeHuto. NpakTuyeckoe 3HayYeHne 3TUX UCCrefoBaHUn onpeaenseTcs, Tem, YTo B page
oTpacnen NPoOMbILLNEHHOCTU NULLEBOKN, MbINTOBapEHHON, NTAKOKPACOYHOM 1 APYIMX HaAOo MoryyYaTb CTPYKTYpPbI C
3agaHHbIMK cBoncTBamn. OBpasoBaHme CTyAHeW MOXET Oka3aTbCs U HexXenaTtenbHbIM SBNeHneM, KOTopoe Haao
npegoTBpaLlaTb, Hanpumep, B NPON3BOACTBE XUMNYECKNX BOSTOKOH, KIlees, pacTBopoB aybutenen u 1.4. Kpome
TOro, camv Gmonornyeckme o6bLEKTLI B GOMNbLUMHCTBE CrlyyaeB Mo CBOEW Npupoade NpeAcTaBnsaloT cobon CTyaHu
6enkoB C onpeaeneHHbIMU MeXaHUYeCKUMM CBOMCTBaMM.

KnioueBble cnoBa: cmpykmypa u QuHaMmuKka CMelaHHbIX XeamuHosebix audpozesnel, adcopbuyusi Ha meepobix
108EePXHOCMSX, KOJIIarC 2emepo2eHHbIX CemokK, HabyxaHue U cmapeHue CMelWaHHbIX XenamuHO8bIX
eudpoeerned.

1. INTRODUCTION:

The possibility of a directed change in the
properties of biopolymers due to external
influences, such as the formation of stable
association products with macromolecules and
low molecular weight compounds (alcohols,
carbohydrates, salts, etc.), makes them one of the
most promising materials. In addition, another
relevant study is of the effect of the interaction of
the mixture components on the rheological and
conformational properties of macromolecules due
to non-covalent polymer interactions. The study of
interpolymer complexes based on natural
biopolymers is necessary for the further
development of the technology for the production
of environmentally friendly products that are
promising for agriculture, medicine, food industry,
cosmetology, etc. (Lanik, 1986; Tsereteli and
Smirnova, 1991; Irshak and Varyukhin, 1995;
Shandryuk et al., 2002).

Feature of the formed biopolymer systems

is the mechanical properties of the resulting
interpolymer complexes, allowing their use in
technical industries. For example, mixed systems
of polysaccharide-based biopolymers are used in
the oil industry as reagents as drilling agents and
flushing fluids. It is proved that the inclusion of
small amounts of mixed systems based on
gelatine and polyvinyl alcohol, sodium caseinate
and polyvinyl alcohol in the feed composition
increases the biological value of feed and
increases the productivity of animal and poultry
product, which makes it promising to apply mixed
systems based on natural polymers in animal
husbandry (Izmailova et al., 1964; Pchelin, 1972;
Vasiliev, 1981).

The mechanism and laws of formation,
deformation, and destruction of dispersed
structures of various types from liquid-like to high-
strength materials of modern technology are the
subject of the physicochemical mechanics of
dispersed systems. From literature data
(Gurevich, 1975; Busk, 1984; Deryagin, 1990;
Katsuyoshi, 1993) it is known that an important
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condition for the formation of a gel is the lack of the
ability of the polymer to dissolve in a solvent
unlimitedly. This condition, reduction of the
interaction of the polymer and the solvent, can be
achieved by changing the temperature, the nature
of the solvent, the introduction of precipitators,
specific additives. The fact that the loss of
solubility does not lead to demixing is connected
with the fact that the polymer chain molecules bind
in solution during gelation into a single spatial
structure that covers the entire volume.

An essential condition for gelation is the
achievement of a specific, so-called critical
concentration of the solution. Gelation can also
occur when certain additives are introduced into
polymer solutions, which lead to the formation of
intermolecular or chemical bonds between
different polymer macromolecules (Karasek and
Meissner, 1992). The gelation process is also
affected by the structure of the macromolecule
itself. Gel formation also depends on the flexibility
of the polymer chain and its conformation in
solution (Yiebke et al., 1994). Some ordering in the
arrangement of polymer molecules is necessary
for the emergence of secondary structures.
However, with a large ordering of polymer
macromolecules relative to each other, a
precipitate forms. It should be noted that the gel
state is the usual state of natural substances. Gels
of various nature arouse the interest of
researchers due to the emergence of the frame,
which determines the mechanical properties of
gels in the structure (Irshak and Varyukhin, 1995).

By definition of S.P. Papkov (1971), the gel
phase is a matrix in which the second, low-
concentrated polymer equilibrium phase is
located. Such structures are characterized by the
practical absence of irreversible deformation of the
gel as a whole. Studying the rheological properties
of jellies and their dependence on the type of
stresses, temperature, duration of various
influences, including the composition of the
components allows to indirectly judge on the
structure of gels, in particular, on their affiliation to
a certain type (Valevsky, 1983; Hidekazu and
Yoshihito, 1993; Kuleznev, 1993).

The purpose of this study was to present
and study the issue of structuring in solutions of
bio- and synthetic polymers, as with a low dry
matter content such structures have many
properties of a solid.

2. LITERATURE REVIEW:

In recent years, the principle of molecular
recognition, which is based on steric effects,

electrostatic interaction, and hydrogen bonding,
has been widely used in organic and polymer
chemistry as a way to create new supramolecular
materials. In the work of Shandryuk (Shandryuk et
al.,, 2002), a directed modification of systems is
performed by introducing additives capable of
hydrogen bonding with a polymer matrix.
Rheological studies demonstrated that liquid
crystal hydrogen-bonded networks are capable of
large reversible deformations (up to 4-5-fold
degrees of extension). Relatively many works are
devoted to gelation of aqueous gelatine solutions.
Most of these works are collected in Veys'
monograph (Veys, 1971). It follows that the
minimum concentration of gelatine gel formation is
0.5% and does not depend on pH in the region of
4-8 at temperatures below 18°C; at temperatures
above 25°C, the gelation concentration increases
and becomes dependent on the pH of the medium:
in the region pH = 4.6 + 4.8 and at a temperature
of 0°C 0.6% gelatine solution does not gelate for
20 hours.

Gelatine gels were repeatedly subjected to
structural and mechanical studies due to having
solid-like properties. However, there are very
conflicting ideas in the matter of the structure of
gelatine gels. In particular, the fact that gelatine
gels belong to two- or single-phase gels causes
controversy and doubts among researchers. Two
possible assumptions are made regarding the
cause of gelation of gelatine solutions after the
conformational transition of its molecules from a
coil to a spiral. The first is that there is a
mechanism of local crystallization of spiralized
macromolecules upon the formation of gel of the
first type. According to the second hypothesis, due
to the transition of gelatine to a rigid conformation,
the polymer loses its solubility and forms a gel. In
his work, A. Veys points out the unlikelihood of the
gelation mechanism based on the renaturation of
the structure of tropocollagen. Research
conducted by G.l. Tsereteli and O.l. Smirnova
(Tsereteli and Smirnova, 1991) points at the
formation of metastable collagen-like structures in
the process of gelation.

In his work, V.G. Vasiliev, having studied
the effect of chemical crosslinking on the elastic
modulus, concluded that a substantial increase
does not occur in the latter. Crosslinking fixes the
glomerular conformation of macromolecules,
which prevents the formation of intermolecular
bonds and, consequently, structure formation
(Vasiliev, 1981). A series of works is devoted to
the study of the rheological properties of gelatine
solutions and jellies of various concentrations in a
narrow temperature range and the replacement of
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water with organic solvents (Rogovina et al., 1971;
Grigoryeva, 1975; Lanik, 1986). The properties of
gelatine-water gels were experimentally studied at
various temperatures, gelatine concentrations and
frequencies of mechanical stresses. The
relationship between the properties of gels and the
shape and structure of polymer molecules was
evaluated (Ross-Murphu, 1992; Hsu and
Jamilson, 1993; Golfen and Borhard, 1994,
Bocchard, 1998). An increase in high elasticity is
also observed due to a possible change in both the
nature of the bond in the spatial network and the
conformations of macromolecules and a
significant dependence of the elastic modulus of
gelatine on the nature of the solvent. Authors
believe that the Ferry-Eldridge equation is
applicable to the researched systems with
sufficient accuracy.

The study of the structure and dynamics of
gelatine gels during temperature jumps by method
of holographic relaxation spectroscopy was
considered by Chi and Wolfgang (Chi and
Wolfgang, 1990). The authors determined that in
the process of normal cooling at a speed of 2
K/min two types of grids are formed. One type
refers to a coarse structure formed by aggregation
of collagen-like triplet standard helices, and the
other — to a fine structure formed by links between
gelatine molecules. Some works are devoted to
the study of gelatine gels near the gelation
threshold and in the immediate vicinity of the sol-
gel transition point (Takahiro and Masayuki,
1990).

The published data on the thermal effect of
gelation of gelatine are contradictory. Thus, having
examined the sol-gel similarly to glass-liquid,
absence of phase transition upon gelation is
indicated (Nikolaev and Neumann, 1957). In
contrast, other authors demonstrated that gelation
of gelatine solutions is similar to crystallization and
is accompanied by a thermal effect (Bobrova et al.,
1970; Gordovsky, 1971).

Many works cover the research of swelling
and collapse of heterogeneous networks,
including gelatine gels in an aqueous medium, as
one of the characteristics of the void ratio of the
formed structures. Patlazhan's (2002) work
displayed that when polymer networks swell with
an inhomogeneous crosslinking distribution, local
internal stresses arise, the magnitude of which
depends on the degree of swelling, the type and
structure of the network. The effective swelling
coefficient of such networks is less than the
corresponding average value. Its relative change,
including the statistical properties of internal
stresses, are determined by the structural features

of the network, expressed through the correlation
function of fluctuations of macromolecular chains
connecting the neighboring nodes. The
dependence of light scattering on the degree of
swelling is investigated. It is concluded: with
increasing degree of swelling, the scattering
intensity passes through a maximum.

In the work of (Xion and Zheng Pei, 1997),
research on the change in the volume of gelatine
gels depending on the pH and ionic strength of
aqueous solutions was conducted. The
dependence of the swelling gel force (the force
exerting pressure on the polymer network when it
is enclosed in a cell of constant volume) is noted
on these factors. The influence of changes in the
volume of gels and swelling forces on
chemomechanical energy, including on changes
in rheological properties, is pointed out.
V.V. Klepko and co-workers studied the kinetics
and equilibrium of swelling of gelatine gels in a
good solvent (Klepko and Melnichenko, 1994). It
was demonstrated that in the studied range of
ripening times (1+5) hours, sol-gel transition
temperatures (4+22)°C and gelatine concentration
in the initial solution (0.02+0.13), the equilibrium
degree of swelling depends on the initial
concentration gel as Fo—0.4, which corresponds to
Flory’s theory.

Proceeding from the consideration of
swelling as a diffusion-controlled process, it was
concluded that the use of first-order kinetics is
valid only at the initial and middle stages of the
swelling process. At the stage of extensive
swelling, first-order kinetics is not applicable. The
explanation for this observation was made on the
basis of the assumptions that the swelling rate is
directly proportional to the relative swelling in time
T and the specific area Sin, which limits the places
of the polymer network that have not yet reacted
with water in time t, but will be hydrated (Hans,
1992). The use of a new interferometric sensor
and a special interferometer allowed the authors
of the work (Chi and Chui-Sing, 1994) to study the
kinetics of swelling of thin gelatine films. In situ
measurements were performed both at times of
several minutes and several days. It is noted that
the data on swelling are well-suited for the kinetics
of the first-order reaction, which contradicts the
previous work. The discrepancies were explained
by the significant difference in the processes in the
solvent and in air, including the specificity of
gelatine gels. The presence of a correlation
between the shear modulus, the longitudinal
modulus of elasticity, and the cooperative diffusion
coefficient is noted.

The subject of the study is also the nature
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of the bonds responsible for gelatine gelation.
Some data give preference to nonpolar groups;
according to other data, hydrogen and
hydrophobic bonds play an important part in
gelatine gelation (Izmailova et al., 1964; Pchelin,
1972). The study of the interaction between water-
soluble polymers, in particular proteins and
surfactants, is necessary in connection with the
expanding use of such joint systems in a number
of biological and industrial processes. The work
(Fruhner and Kzetzschmar, 1989; Roe et al.,
1998) researches the interaction between gelatine
and ionic surfactant-alkyl sulfates and alkyl
trimethylammonium ions by the direct method of
surface-active selective electrolysis with a liquid
membrane of o-nitrotoluene containing a complex
of  cetyltrimethylammonium  dodecyl.  The
interaction of polyphenols with gelatine amino
acids was studied in (Shi et al.,, 1994). It was
demonstrated that such an interaction is largely
determined by hydrophobic forces.

In connection with the widespread use of
gelatine in the pharmaceutical and food industries,
adsorption of this fibrillar protein on solid
adsorbents is being studied. The general
regularities of the kinetics of gelatine adsorption at
the solid-liquid border are discussed in (Bajpai,
1994). In (Bajpai, 1995), kinematic measurements
of gelatine adsorption on alumina were performed.
To analyse the adsorption process and its kinetic
parameters, the magnetic formalism technique
was used. The effect of gelatine pH, salt
concentration in solution, and anion valency on the
adsorption process is noted. The study of gelatine
adsorption on small particles of magnetic iron
oxide is the subject of work of (Hirotoshi et al.,
1997). The authors investigated the adsorption of
gelatine depending on various parameters
(temperature, pH, salt concentration). It indicates
an increase in the adsorption and molecular
weight of gelatine with an increase in the initial
concentration of gelatine.

Some works are devoted to the study of
polymer complexes containing gelatine as one of
its components. P.N. Gilsenan, R.V. Richardson
investigated the gelatine-pectin cogels (Gilsenan
and Richardson, 1998). The effect of the structure
of gelatine micellar solutions in the isooctane-
water (bis-2-ethylhexyl) sodium sulfosuccinate
system on gelation was considered in (Krasovskii
and Andreeva, 1996). A number of works covers
agueous systems of gelatine-sodium alginate. The
authors (Mukhin and Tolstoguzov, 1980), upon
studying the compatibility of proteins and
polysaccharides, found that aqueous mixtures of
gelatine and sodium alginate at single ionic

strength and pH above the isoelectric point of
gelatine are single-phase. An assumption was put
forward that the compatibility of gelatine with
anionic polysaccharides is conditioned by the
formation of complexes of different nature
between them. A study of mixed gels of gelatine
and calcium alginate (Tolstoguzov, 1980)
indicates the existence of two independent spatial
networks.

The authors I.V. Fedusenko,
T.E. Eryshkanova, V.I. Klenin (Fedusenko et al.,
2001) studied the gelation process in the gelatine-
sodium alginate-water system with a total polymer
concentration of 3 wt. % It was demonstrated that
gelation in the system is conditioned by local
crystallization of polymers. When the gelatine
content in the polymer mixture is 90%, a complex
is formed. Gels of this composition have a higher
melting (gelation) point and a greater value of the
elastic modulus. Works of 1V. Fedusenko,
L.I. Khomutov deal with the rheological behaviour
of gelatine + sodium alginate + water system
depending on the ratio of gelatine and sodium
alginate at a total polymer concentration of (2-4)
%. The dependence of the tensile strength of the
forming structural formations depending on the
content of sodium alginate in the mixture and
temperature is shown. The appearance of spatially
cross-linked thermoreversible structures in such
ternary polymer systems is also discussed
(Fedusenko and Khomutov, 1996).

In the work of E.A. Reshetnyak
(Reshetnyak et al., 2005), properties of gelatine
are compared to modified gelatine (degree of
modification of 10, 30 and 85%). Using the method
of capillary viscometry, it was demonstrated that
upon  hydrophobization of gelatine, its
macromolecular tangles become more compact
and symmetrical. At the maximum degree of
hydrophobization of gelatine, its adsorption activity
increases by approximately 4 times. Methods
were developed for the preparation of a polymer
complex of phthaloyl gelatine with proxanol and
other additives (Pobedimsky et al., 2000; Elin et
al., 2002), characterized by the presence of a
significant number of functional groups, large size,
and the possibility of being used as a sorbent for
wastewater treatment in such industries as
petrochemical, pharmaceutical, etc.

A large role is given to the introduction of
small additives of gelatine in composite materials,
which enables the increase in the
physicomechanical properties of composites and
reduces their cost. In this regard, the work
(Kudaibergenova et al., 2008) studied the
possibility of obtaining homogeneous and
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interconnected composites on the basis of
gelatine and bentonite clay with insignificant
amounts of clay (0.2-2%). The degree of swelling
of various compositions was determined using a
scanning microscope, the morphology and
structure of composite gels were determined using
a scanning electron microscope, and the
rheological properties of the compositions were
studied using a Brookfield DV-II+PRO device
(USA). An assumption on the formation of
complexes through hydrogen bonds is put
forward. It is shown that the compositions obtained
in terms of homogeneity, stability, interoperability
and structure-forming properties correspond to the
requirements for carriers of medicinal and
biologically active compounds.

The rheological properties of gelatine-
calcium and sodium alginates system are also
considered in detail in the dissertation of
Evtushenko (2008). The work of A.V. Varlamov,
A.N. Zuev, E.E. Latinsky (Varlamov et al., 2008)
displays that upon hydrophobizing gelatine with
succinlauril, the macromolecular tangles become
more compact and symmetrical. At the maximum
degree of hydrophobization of gelatine, its
adsorption activity increases by approximately 4
times. Chemical modification of gelatine with lauric
acid succinimide ester changes the rheological
properties, greatly changes the hydrodynamic
parameters of protein macromolecules.

The structure formation of solutions of
various protein molecules was studied in
Kazakhstan by A. Zholbolsynova (Kozlov et al.,
1984; Zholbolsynova et al., 1992). The process of
structure formation in agueous solutions of edible
gelatine in the presence of organic additives
(carbohydrates) was studied, the bonds
determining the strength of the structure and the
conformational transformations of
macromolecules  were determined. The
conformation of gelatine macromolecules was
studied by measuring the specific optical rotation.
It is shown that the addition of carbohydrates
increases the strength of the resulting structure,
reduces the induction period. A conformational
change in macromolecules accompanies the
process of gel formation. It is assumed that the
stabilization of the resulting structure is
conditioned by hydrophobic bonds and an
increase in the number of intermolecular bonds.

Further studies examined the effect of
synthetic and biopolymers on the structuring and
rheological properties of gelatine (polyvinyl
alcohol, polyvinylpyrrolidone, sodium humate and
nitrohumate, salts of inorganic acids,
carbohydrates, organic alcohols, surfactants)

(Salikova et al, 1999; Salikova and
Zholbolsynova, 1999; Salikova and
Zholbolsynova, 2000; Salikova et al.,, 2000;

Salikova et al., 2001; Zholbolsynova and Salikova,
2001; Salikova et al., 2002; Bektemisova et al.,
2009a; Bektemisova et al., 2009b; Zhakina, et al.,
2009; Bektemisova et al., 2009c; Salikova et al.,
2014).

3. MATERIALS AND METHODS:

Here we consider the effect of sodium
carboxymethyl cellulose on the processes of
structure formation, the rheological properties of
mixed gels and the adsorption processes of
gelatine. To clarify the gelation mechanism, we
used the kinetic approach, since this allows us to
consider the processes of nucleation and
formation of spatial structures.

The object of the research in this part of the
study was gelatine, on the basis of which
experiments were carried out to determine the
structure formation in its mixed systems with
sodium carboxymethyl cellulose. We used edible
gelatine, purified and reduced to an isoelectric
state. The moisture content of the preparation is
15%, the ash content is 12%, and the molecular
weight is 70.000. Proceeding from the analysis, all
previous studies, a working gelatine concentration
of 5% was selected. The process of structure
formation was studied through the following
parameters: structuring time, melting point,
ultimate shear stress at different pH.

As in most cases, the polymer-polymer-low
molecular weight liquid systems are incompatible
with a wide range of component composition
changes, the effect of the polymer volume ratio on
the structuring process was studied. It was
established that mixed gelatine gels are formed at
certain optimal ratios. The compatibility criterion
was the shape of the viscosity — composition
curves. A linear relationship was observed, which
signifies the formation of a homogeneous system
when the selected components are mixed up to
50% NaCMC in the mixture; when a share of
NaCMC in the mixture is above 50% vol., system
demixing is observed. As a result of determining
the conditions for the formation of mixed solutions,
the range of variation of the NaCMC fraction in the
mixture of 0+50 (vol%) was chosen. It was
suggested that during the formation of crystalline
nuclei, the process will occur at different rates
depending on the content of NaCMC. Table 1
presents data on the effect of the NaCMC content
in a mixture with gelatine on the structuring time of
mixed systems as an indicator of the rate of
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formation of three-dimensional structures.

The identification of the structuring time
demonstrated that, appropriately, the pH of the
medium affects the structure formation of mixed
gels. pH = 5, as the isoelectric state of gelatine,
due to the lack of resistance to structuring from the
side of its charged chains, leads to the shortest
time for structuring mixed gels. Because of the
change in the properties of gelatine aqueous
solutions due to modification of properties of the
solvent by the presence of NaCMC, an increase in
the content of the modifier in the mixture (up to the
previously established limit of 50% vol.) leads to
an acceleration of the structure formation process.
Kinetic studies of the ultimate shear stress of 5%
mixed gelatine gels and NaCMC allowed to
identify the time interval necessary to achieve the
equilibrium strength of systems equal to 4 days
(Figure 1).

To identify the effect of pH of the medium,
the composition of the mixture on the melting
temperature, measurements were performed for
5% concentrations formed in gel in the course of
four days (Table 2).

4. RESULTS AND DISCUSSION:

Since collagen folding is a cooperative
phenomenon characterized by high activation
energy; therefore, the melting points should be the
same regardless of the gel composition. Our
results show an increase in Tmel. With an increase
in the content of NaCMC, which proves the
participation of NaCMC in the stabilization of the
network structure. It is necessary to note the
distinct melting temperature during the
measurement, which is evidence of the network
structure of the gel stabilized by secondary forces.

This is because the value of Tme depends
on the relative number of hydrogen and
hydrophobic bonds involved in each series of
interacting chain  segments; the melting
temperature rises with an increase in the number
of bonds per segment and becomes more defined.
The distinctness of Tmel is directly related to the
fact that the rupture of interacting pairs of chain
segments involves the simultaneous rupture of
several bonds. Adding NaCMC to the system does
not change the effect of pH. Gels have the highest
melting point at pH corresponding to the isoelectric
state of gelatine. In parallel with measurements of
the melting temperature in the same gels, their
tensile strength was identified (Table 3).

It was concluded that the presence of a
charge in gelatine macromolecules at a pH other

than the isoelectric state impairs the rheological
properties of mixed gelatine gels and sodium
carboxymethyl cellulose. Studying the adsorption
of biopolymers at the liquid-solid interface is of
great practical and theoretical importance. The
extremely important role of proteins as biological
objects is well known. Proteins provide cell
adhesion and tissue formation. For the functional
properties of biological systems, the surface
activity of proteins is of no small importance. The
part of surface phenomena in protein systems is
very great in natural and technological processes.

Thus, the study of structure formation in
mixed 5% gelatine and sodium carboxymethyl
cellulose gels suggests that the synthetic polymer
has a positive effect on gelation of gelatine. An
increase in the content of NaCMC leads to an
acceleration of the gelation process and the
formation of stronger spatial structures.

Concentration of proteins at the phase
boundaries, technological stages of emulsification
and stabilization are widespread in the food,
chemical, pharmaceutical industries. In animal
husbandry, the use of biopolymers as fillers is
known. In addition, surface phenomena involving
proteins are often accompanied by structure
formation or phase transitions; therefore, the study
of adsorption provides additional information on
the structuring of aqueous solutions. With that, the
adsorption of macromolecular compounds from
solutions on a solid surface is most important,
since  polymer adhesion, structural and
mechanical properties of the high molecular
weight compound boundary layers, the structure
and the most important characteristics of
monolayers and various composite materials are
associated with it.

An analysis of the literature data shows
that most of the experimental work on the study of
polymer adsorption was performed using dilute
polymer solutions, when intermolecular interaction
in solutions can be neglected. However, even in
this case it is impossible to draw unambiguous
conclusions about the influence of various factors
on the adsorption of polymers. Adsorption of
biopolymers, in particular gelatine, is devoted to a
small amount, especially for the adsorption of
mixed solutions of gelatine with artificial polymers.
Therefore, we studied the kinetics of adsorption of
a mixture of gelatine with sodium carboxymethyl
cellulose (NaCMC), the dependence of the
adsorption on the amount and nature of the
adsorbent, the specific surface of the adsorbent,
and the concentration of the mixture. Preliminary
studies of the rheological properties established
the optimal ratio of gelatine and NaCMC in the
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mixture — 1:1. Based on initial experiments, the
optimum adsorption temperature was determined
— 50°C; lowering the temperature below the
optimum value leads to undesirable gelation of the
system.

The study of the kinetics of adsorption is
important from the standpoint of identifying factors
determining the duration of the formation of
adsorption layers. A study of the kinetics of
gelatine adsorption with NaCMC displayed that
the maximum contact time of the studied mixed
aqueous solutions is 8-10 hours, the adsorption
equilibrium is achieved within 2-3 hours and is
practically  independent of the  mixture
concentration; with an increase in the mixture
concentration, the adsorption equilibrium is
reached faster (Figure 2). The contour of the
curves indicates that the experimental points fit
well on the Langmuir adsorption equilibrium curve.
Achieving equilibrium within a few hours, unlike
pure gelatine, when equilibrium is reached faster
(30 min-1 hour) (Zholbolsynova et al., 1986),
proves structural changes in NaCMC-modified
gelatine. Gelatine macromolecules lose their
flexibility, the diffusion rate to the surface of a solid
decreases.

The established range of variation in the
concentration of the adsorbent (0.5-3) g/dl of the
solution is optimal for the adsorption of gelatine.
The study of adsorption at such amounts of
adsorbent (Table 4) allowed to establish the
working concentration of the adsorbent equal to
0.5 g/dl of the solution. The decrease in adsorption
with increasing adsorbent content can be
explained by a decrease in their effective specific
surface area due to adsorbent aggregation. The
effect of the mixture concentration on the
adsorption value of the gelatine and NaCMC
mixture is provided in Table 5.

The data indicates that an increase in the
concentration of the mixture leads to a larger
adsorption value. An increase in the concentration
of the mixture above 1% causes system
structuring. At a given concentration of the mixture
(1%) in the solution, the process of formation of
large aggregates begins, including up to several
hundred macromolecules of gelatine bonded with
NaCMC. The effect of the specific surface area on
the adsorption of a mixture of gelatine with
NaCMC is presented in Table 6.

With an increase in the specific surface
area of the adsorbent, which facilitates adsorption
of large aggregates, the specific adsorption of
gelatine with NaCMC increases. To identify the
effect of the nature of the adsorbent on the specific

adsorption value, a mixed solution of gelatine with
NaCMC was adsorbed on alumina oxide,
activated carbon, ground brick, bentonite and
silica gel (Table 7).

The results indicate that the adsorption of
the test mixture depends on the chemical nature
of the substrate, which is explained by the
influence of the formed adsorption layer, which
completely shields the surfaces of any solids. The
results show that the best adsorption properties for
mixed gelatine systems with NaCMC are
hydrophilic surfaces with a well-developed macro-
and microstructure of pores, such as silica gel and
ground brick (significant intermolecular
interactions in the adsorption layer are observed).
Non-polar adsorbents with an activated surface,
such as activated carbon, are also good
adsorbents for gelatine aggregates with NaCMC.
Adsorption on charged surfaces of alumina oxide
is characterized by a significant energy barrier.
The specific adsorption on such surfaces is
significantly smaller.

A study of the adsorption of gelatine with
NaCMC proves rheological studies, the results
display structural changes in NaCMC-modified
gelatine. When gelatine is mixed with NaCMC,
larger structures and aggregates are formed in the
solution, which lead to an increase in the time for
the establishment of adsorption equilibrium, which
is explained by spatial difficulties in the formation
of adsorption layers. It should be noted that the
specific adsorption value depends on the quantity
and nature of the adsorbent. It was established
that hydrophilic and activated surfaces are good
adsorbents for gelatine with NaCMC.

Gels of various nature arouse the interest
of researchers because of the emergence of the
framework in the structure, determining their
mechanical properties. Furthermore, a gelatinous
state is a common state of natural polymers. The
study of the formation of spatial structures of
various types in disperse systems, their properties
and the management of this process opens up
unlimited possibilities for obtaining materials with
tailor-made properties.

One of the essential conditions for gelation
is to achieve a specific concentration of the
solution, the so-called critical concentration,
including the limited solubility of the polymer in this
solvent. Reducing the interaction of the polymer
and the solvent can be achieved by changing the
temperature, the nature of the solvent, including
the introduction of specific additives into the
solvent. Thus, gelation can be enhanced when
some additives (alcohols, various salts, heavy
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metal oxides, etc.) are introduced into the polymer
solution, which lead to the formation of
intermolecular or chemical bonds between
different polymer macromolecules (Asaubekov et
al., 1996). Indirect evidence of the hardening gel
structure is its ability to swell. The stabilization of
the gel structure can be analysed by its resistance
to aging.

The object of research, in this case, was
also gelatine, based on which experiments were
carried out to determine the swelling and aging of
its gels using inorganic salts, such as sodium
chloride, calcium chloride, aluminum chloride. In
this work, edible gelatine is used, purified, and
reduced to isoelectric state. The moisture content
of the preparation is 15%, the ash content is 12%,
and the molecular weight is 70.000. Based on the
analysis of literature data (Zholbolsynova, 1973),
the working concentration of gelatine and the
amount of sodium, calcium, and aluminum
chloride additives were selected. In the research,
selective nature of the swelling process (gelatine
swells in water and in aqueous solutions and does
not swell in liquid organic substances) was
considered; therefore, water was used as a
solvent for swelling gelatine gels.

The obtained experimental data are
presented in Tables 8-10. From the provided data,
it follows that the presence of additives of
inorganic salts leads to an increase in the swelling
of gelatine gels. Thus, the degree of swelling
increased by 100% with the addition of sodium
chloride, by 73% with the addition of calcium
chloride, and by 60% with the addition of aluminum
chloride. Investigation of the effect of the pH of the
medium on the degree of gelatine swelling in the
presence of inorganic salts suggests that a
deviation of the pH of the medium from the
isoelectric state also leads to a change in swelling
degree. At pH = 9 and pH = 3, an increase in the
degree of swelling is observed compared to the
isoelectric point. With that, at pH = 3, the degree
of swelling is somewhat greater than at pH = 9.
This is due to the influence of a charge that is
distributed throughout the gelatine gel chain at pH
= 3 and is localized in certain regions at pH = 9. A
similar dependence is observed for gelatine gels
both in the presence of sodium chloride and of
calcium and aluminum chlorides.

The results also display that aluminum
chloride has the greatest effect on increasing the
degree of swelling. It turned out that the maximum
degree of gelatine gel swelling is observed with the
introduction of NaCl, average — with CaCly,
minimum — with AICls. The results on the effect of
the anion charge on the gelatine gel swelling

correlate with the results of studying their influence
on the ultimate shear stress. With an increase in
the anion charge, an increase in the ultimate shear
stress (gel strength) occurs, which manifests itself,
in this case, in a decrease in the gel swelling,
which may be due to an increase in the osmotic
pressure inside the network because of the
different amounts of low molecular weight ions
(Bekturov et al., 1999). Measurement of the
degree of swelling of 5% gelatine gel with the
introduction of sodium, calcium, and aluminum
chlorides allowed to graphically consider the
dependence of the kinetics of its swelling on the
cation charge at pH = 5 (Figure 3).

Figure 4 demonstrates a characteristic
curve of gelatine gel swelling in the presence of
NaCl additive depending on pH. From Figure 4 it
follows that the degree of swelling depends on the
pH of the medium and increases with a shift in pH
to the acidic and alkaline regions. At the isoelectric
point swelling is minimum.

Gels of macromolecular compounds are
not subject to the process of their aging, and a
change in some of their properties during
prolonged standing is conditioned by the slow
action of foreign substances capable of oxidation
present in them. It was suggested that the
presence of low molecular weight additives in the
polymer hydrogel, contributing to the structure
formation and hardening of gels, will destabilize
the spatial system and contribute to its aging. In
this case, we determined the aging of 5% gelatine
gel with the introduction of 0.5M sodium, calcium,
aluminum chlorides at different pH. The study of
aging was carried out through studying changes in
the size and mass of the initial sample (gel height,
Ah, mm), changes in mass Am, g.

Measurements were also taken over time.
The results are presented in Tables 11-13. The
procured data indicate that the presence of salts
accelerates the aging process with a content of
sodium, calcium, and aluminum chlorides at a
concentration of 0.5 mol/L; the procured data
correlate with the results of a study of the swelling
process. The results of a study of the aging
processes in gelatine in the presence of inorganic
salts suggests the greater the charge of the anion
the greater the presence of salts affects the
strength of the gel. The aging process of gelatine
hydrogels in the presence of inorganic salts
depends on the pH of the medium. Stronger gels
are less prone to aging.

5. CONCLUSIONS:

The positive  effect of  sodium
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carboxymethyl cellulose on the gelation of 5%
gelatine hydrogels was established. An increase in
the content of NaCMC in a mixture with gelatine
leads to an acceleration of the gelation process
and the formation of stronger spatial structures.
The participation of NaCMC in stabilizing the
network structure was indirectly noted by the
distinct melting temperature upon measurement.

The study of surface phenomena at the
phase division boundary “mixed gelatine
hydrogels — solid medium” indicated that
guantitatively the adsorption of the test mixture
depends on the chemical nature of the supporting
medium, which is explained by the influence of the
formed adsorption layer. The best adsorption
properties for mixed gelatine systems with
NaCMC was established — hydrophilic surfaces
with well-developed macro- and microstructure of
pores, such as silica gel and ground brick. Non-
polar adsorbents with an activated surface, such
as activated carbon, are also good adsorbents for
gelatine aggregates with NaCMC. Adsorption on
charged surfaces of alumina oxide s
characterized by a significant energy barrier. The
value of specific adsorption on such surfaces is set
to be much smaller. The effect of pH on the
structuring processes, the adsorption of mixed
hydrogels of gelatine as a polyampholytic polymer
is confirmed.

The gelation process of gelatine-based
hydrogels was also studied from the standpoint of
its stability over time in the presence of inorganic
salts. It was established that the presence of
additives of inorganic salts leads to an increase in
the swelling of gelatine gels. The presence of
inorganic salts also accelerates the aging process
of gelatine hydrogels with a content of sodium,
calcium, and aluminum chlorides at a
concentration of 0.5 mol/l. The higher the charge
of the salt anion, the greater the modification of
gelatine hydrogels with inorganic salts affects the
strength of the gel. It is established that more
durable gels are less prone to aging. The process
of swelling and aging of gelatine hydrogels in the
presence of inorganic salts also depends on the
pH of the medium.
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Table 1. The effect of the composition and pH of 5% mixed gelatine-based aqueous systems on
sodium carboxymethyl cellulose on the structuring time

Content of NaCMC, % Structuring time, min. at pH:

3 5 9
0 53 32 35
5 52 31 34
15 50 31 33
25 48 30 32
35 47 29 32
50 45 28 31

Table 2. Effect of the composition and pH of 5% of mixed aqueous systems based on gelatine and
NaCMC on the melting temperature

Content of NaCMC, % Melting temperature, tmel, °C, at pH:
3 5 9
0 30.1 34.5 32,5
15 31.6 35.6 33.0
25 32.5 36.0 34.1
35 33.1 36.5 35.2
50 34.2 37.8 36.6

Table 3. Dependence of the maximum strength of 5% mixed gelatine gels and NaCMC on the
composition at different pH

Content of Critical shear stress, Pn, kg/m?, at pH:

NaCMC, % 3 5 9
0 150.0 250.1 250.2
5 153.3 254.3 253.6
15 158.1 260.4 258.7
25 163.8 268.6 263.8
35 169.1 276.1 270.2
50 177.2 287.2 277.5

Table 4. Dependence of the specific adsorption of a mixture of gelatine and NaCMC on the mass
of silica gel, the concentration of the mixture = 1 %; Ssp = 14 m?/g; t = 50°C

Adsorbent mass, m, g

0.5

1.0

15

2.0

2.5

3.0

Specific adsorption, G, mg/g

423

385

340

290

255

210

Table 5. Dependence of the adsorption value of a mixture of gelatine and NaCMC on silica gel on
the concentration of the mixture, m (adsorbent) = 0.5 g; Ssp = 14 m%g; t = 50°C

Mixture concentration, C, %

0.2

0.3

0.5

0.7

0.9

1.0

Specific adsorption, G, mg/g

78

140

223

318

405

423

Table 6. Dependence of the specific adsorption of a mixture of gelatine and NaCMC on the

specific surface of silica gel, m (adsorbent) = 0.5 g; Cmix = 1%; t = 50°C

Silica gel specific surface, Ssp, m?/g 12 14 18 25

Specific adsorption, G, mg/g 363 423 544 755
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Table 7. Dependence of the specific adsorption of a mixture of gelatine and NaCMC on the nature
of the adsorbent, m (adsorbent) = 0.5 g; Ssp = 14 M?%/g; Cmix = 1 %; t = 50°C

Adsorbent Specific adsorption, G, mg/g
Alumina oxide 366
Bentonite 377
Silica gel 423
Activated carbon 646
Ground brick 753

Table 8. Kinetics of the degree of swelling of 5% gelatine gels (pH = 5) in the presence of salts

Concentration

Swelling degree, a, %

of salts, mol/l Time, h NaCi CaCl AICI,
0 0 0 0
1 18 18 18
. 3 25.6 25.6 25.6
5 31.2 312 31.2
7 37.8 37.8 37.8
9 38 38 38
0 0 0 0
1 36 31.2 28.8
05 3 51.2 44.4 40.9
: 5 62.4 54.2 49.9
7 75.6 65.6 60.5
9 76 65.9 60.8

Table 9. Kinetics of the degree of swelling of 5% gelatine gels (pH=3) in the presence of salts

Concentration

Swelling degree, a, %

of salts, mol/l Time, h NaCl CacCl; AICl;3
0 0 0 0
1 22 22 22
0 3 46.6 46.6 46.6
5 58 58 58
7 60.4 60.4 60.4
9 60.8 60.8 60.8
0 0 0 0
1 44 38 36.3
05 3 93.2 80.9 76.8
' 5 116 100.6 95.7
7 120.8 104.8 99.6
9 121.8 105.5 100.3
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Table 10. Kinetics of the degree of swelling of 5% gelatine gels (pH=9) in the presence of salts

Concentration of

Swelling degree, a, %

salts, mol/l Time, h NaCl CaCl, AICI
0 0 0 0
1 20 20 20
. 3 30 30 30
5 37 37 37
7 41.6 41.6 41.6
9 418 418 418
0 0 0 0
1 40 34.7 32
05 3 60 52.1 48
: 5 74 64.2 59.2
7 83.2 72.2 66.6
9 83.6 72.5 66.8

Table 11. The kinetics of aging of 5% gelatine gels (pH=5) in the presence of salts

Concentration of Time, NaCl CaCl, AlCl;
chlorides, mol/l h Am, g Ah, mm Am, g Ah, mm Am, g Ah, mm
0 0 0 0 0 0 0
24 0.9 1.3 0.9 1.3 0.9 1.3
0 48 1.58 2.3 1.58 2.3 1.58 2.3
72 1.98 29 1.98 29 1.98 29
96 2.23 3.2 2.23 3.2 2.23 3.2
120 2.47 3.5 2.47 3.5 2.47 3.5
0 0 0 0 0 0 0
24 1.86 2.6 1.56 2.3 1.08 2.03
05 48 3.16 4.6 2.74 4 1.85 2.66
' 72 3.96 5.8 3.43 5.03 2.3 3.3
96 4.46 6.4 3.87 6 2.5 3.6
120 4.94 7 4.2 6.1 2.7 4
Table 12. The kinetics of aging of 5% gelatine gels (pH=3) in the presence of salts
Concentration Time, NaCl CacCl; AICl;3
of chlorides, h Am, g Ah, mm Am, g Ah, mm Am, g Ah, mm
mol/l
0 0 0 0 0 0 0
24 1.35 1.93 1.35 1.93 1.35 1.93
0 48 2.37 3.39 2.37 3.39 2.37 3.39
72 2.97 4.25 2.97 4.25 2.97 4.25
96 3.34 4.77 3.34 4.77 3.34 4.77
120 3.69 5.27 3.69 5.27 3.69 5.27
0 0 0 0 0 0 0
24 2.7 3.86 2.35 3.35 2.16 3.1
48 4.74 6.78 4.1 5.88 3.8 5.42
0.5 72 5.94 8.15 5.15 7.37 4.75 6.8
96 6.68 10 5.8 8.7 5.3 8
120 7.38 10.5 6.4 9.1 5.6 8.4
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Table 13.

The kinetics of aging of 5% gelatine gels (pH=9) in the presence of salts

Concentration Time, NacCl CaCl, AlCl;
of chlorides, h Am, g Ah, mm Am, g Ah, mm Am, g Ah, mm
mol/l
0 0 0 0 0 0 0
24 0.99 1.42 0.99 1.42 0.99 1.42
0 48 1.74 2.49 1.74 2.49 1.74 2.49
72 2.19 3.13 2.19 3.13 2.19 3.13
96 2.46 3.61 2.46 3.61 2.46 3.61
120 2.72 3.89 2.72 3.89 2.72 3.89
0 0 0 0 0 0 0
24 1.98 2.84 1.71 2.46 1.58 2.27
05 48 3.48 2.98 3.02 4.3 2.8 3.9
' 72 4.38 6.26 3.8 5.4 3.5 5
96 4.92 7.22 4.27 6.3 3.9 5.7
120 5.4 7.5 4.5 6.6 4 6

Ultimate shear stress, P.,, kg/m’

250 o

200 -

150 =

100 —

1
T
4

Time, 1, days

Figure 1. Kinetics of changes in the ultimate shear stress of 5% mixed systems of gelatine and
NaCMC in a ratio of 85:15 of pH. Designation of curves, pH: 1-3;2-9;3-5
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Adsorption, G, mg/g

400 L 3

200 1+

o 1

|
0 2 4 6 8
Time, T, h

Figure 2. Kinetics of changes in the adsorption of a mixture of gelatine and NaCMC on silica gel, the
adsorbent mass is 0.5 g; Ssp = 14 m?/g. The designation of the curves, the concentration of the
mixture, %: 1-0.2;2-0.5;3-1.0

w
=

i
30
20y
10
30

swelling degree, o, %o

20

10

time . T, hour

Figure 3. The dependence of the kinetics of swelling of 5% gelatine gel (pH=5) on the cation charge.
Designation of curves: additive: 1 — absent; 2 — AlCls; 3 — CaCl,; 4 — NaCl
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Figure 4. Swelling kinetics of 5% gelatine gel in the presence of sodium chloride depending on pH.

Note: Curve designations, pH: 1-5;2—-9; 3 -3
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RESUMO

Durante muito tempo, a principal abordagem da avaliacdo foi a abordagem normativa, quando as
realiza¢gBes individuais dos estudantes foram comparadas com uma determinada norma (os resultados da
maioria dos estudantes). Recentemente, a pesquisa pedagdégica doméstica tem desenvolvido uma abordagem
baseada em critérios para avaliar o desempenho académico, de acordo com que as realiza¢des dos estudantes
sdo comparadas com o escopo de conhecimento que deve ser adquirido em um estagio especifico do
treinamento. Este estudo teve como objetivo determinar o papel da avaliacdo baseada em critérios na formacao
da alfabetizagdo funcional dos estudantes em ciéncia da computacdo e construir um modelo de avaliagdo
baseada em critérios no desenvolvimento da alfabetizacdo funcional além de demonstrar a eficacia dos métodos
de formacao dos alunos. 'alfabetizag&o funcional em ciéncia da computacdo. Os principais métodos de pesquisa
foram a metodologia de avaliacdo baseada em critérios desenvolvida pelos autores e a metodologia de avaliagao
formativa. Foram analisados alguns elementos da metodologia de avaliagdo formativa. Para o desenvolvimento
adicional da metodologia para a formacéo da alfabetiza¢édo funcional dos estudantes em ciéncia da computagéo,
foi construido um modelo de avaliagdo baseada em critérios. A introducdo da avaliagdo baseada em critérios
permitira mudar para uma avaliagdo formativa destinada ao desenvolvimento da competéncia do estudante. A
avaliagdo, composta por critérios que o estudante entende, o estimula e torna o processo de aprendizado logico.
Com base nos experimentos praticos e na avaliagdo proposta com base em critérios, foi comprovada a eficacia
de métodos para a formagédo da alfabetizagao funcional dos estudantes em ciéncia da computacao.

Palavras-chave: avaliagéo critica, educacao, resultados, avaliagéo, ciéncia da computacao.
ABSTRACT

For a long time, the primary approach to assessment was the normative approach when the individual
achievements of students were compared with a particular norm (the results of most students). Recently, domestic
pedagogical research has been developing a criteria-based approach to assessing academic achievement when
students' achievements are compared with the amount of knowledge that needs to be acquired at a particular
stage of training. This study aimed to determine the role of criteria-based assessment in the formation of students'
functional literacy in computer science and to build a criteria-based assessment model in the development of
functional literacy beyond to demonstrate the effectiveness of the methods of formation of students' functional
literacy in computer science. The leading research methods were the criteria-based assessment methodology
developed by the authors and the method of formative assessment. Some elements of the methodology of forming
evaluation were considered. For further development of the methods for the formation of students’ functional
literacy in computer science, a criteria-based assessment model has been built. The introduction of criteria-based
assessment will allow to switch to a formative evaluation aimed at developing student competence. The
evaluation, consisting of criteria that a student understands, stimulates him and makes the learning process
meaningful. Based on practical experiments and the proposed criteria-based assessment, the effectiveness of
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methods for the formation of students' functional literacy in computer science has been proved.

Keywords: critical assessment, education, results, assessment, computer science.

AHHOTALUA

Ha npoTspkeHun JOnroro BPeMEHW OCHOBHbIM MOAXOAOM K OLEHMBAHMIO Oblyl HOPMAaTUBHBIA MOAXOA,
Korga WHAMBWAYamnbHble OOCTWKEHWUS YyYaluxXcs CpaBHMBANMCb C OMNpefesnieHHoOM HOpMon (pesynbTatamu
GonbwumHCcTBa OOyvarowuxcsa). B nocnegHee BpeMs B OTEYECTBEHHbIX MNearorMyeckmx UCCnegoBaHMsX
paspabaTtbiBaeTCA KpuTepuanbHblili NOAXO4 K OUEeHKe YCNeBaeMOCTW, Korga [AOCTWXEHWS ydalumxcs
CpaBHUBAIOTCA C OO LEMOM 3HAHUIN, KOTOPbLIN NOANEXNUT YCBOEHUIO Ha onpedeneHHom atane obydveHus. Lienbio
OaHHOro umccnegoBaHusa  6blno  onpefennTb  porib  KPUTEPUAnbHOrO  OueHuMBaHMsA  npu  hopmMupoBaHum
PYHKLUMOHaMNbHOW rPaMOTHOCTM yHaLLMXCs MO MHpopMaTHKe U NOCTPOUTbL MOAESb KpUTEpUarnbHOro OLEeHNBaHNS
Onsa pasBuMTUA (PYHKLMOHANbHOW rPaMOTHOCTM, 4YToDObl MokasaTb 3(PEKTUBHOCTbL MeToA0B (POPMUPOBAHUS
YHKUMOHANbHOMW FPaMOTHOCTM yyalumxcs no mHdopmaTtuke. Beaywmmmn metogamu uvccrnefoBaHWs cTanu
paspaboTaHHas aBTopamMu METOAMKA KpUTeprarbHOro OLEHMBaHMA 1 MeToanka (POPMUPYIOLLErO OLIEHUBaHUS.
PaccMoTpeHbl HEKOTOpbIE 3NIeMEHTbI METOANKM (DOPMUPYIOLLErO OueHuBaHus. [ns ganbHewnwen pa3paboTtku
MeToankn cpopmupoBaHnsa OyHKLMOHAMNbHOW rPamMoOTHOCTU ydawmuxcs no MHOpMaTuKe, NocTpoeHa MoAerb
KpuTepuanbHOro oueHnBaHus. BHegpeHvne KpuTepnanbHOro oLeHUBaHWS NO3BOMUT NEPEnTU K (POpMaTMBHOMY
OLEHMBaHWIO, HaMpaBNeHHOMY Ha pa3BUTUE KOMMETEHTHOCTM yyawerocs. OueHka, cocToswas U3 KpUTepues,
MOHATHBIX YYEHWKY, CTUMYNNPYET ero 1 genaet npouecc obyyeHns CMbICNOBbIM. Ha OCHOBaHUN NpakTUYECKMX
9KCMNEPVMEHTOB W NPEANOXEHHOr0 KpUTepManbHOro OUEHMBaHMSA JdokasaHa 3(MdEKTUBHOCTb METOAOB

dopmMmpoBaHma QYHKLMOHAMNBHON rPaMOTHOCTM yYaLLuxXcsi No nHcpopmMaTmke.

KnioueBble crnoBa: Kpumuyeckoe oyeHusaHue, obpasosaHue, pe3yibmamsi, oueHuUsaHue, UHghopMamuka.

1. INTRODUCTION:

For a long time, the main approach to
assessment was the normative approach, when
the individual achievements of students were
compared with a particular norm (the results of
most students) (Yang et al.,, 2017; Yang et al.,
2019). Recently, domestic pedagogical research
(Krasnoborova, 2009; Sokolova, 2017;
Shalashova et al., 2018; Totikova et al., 2019) has
been developing a criteria-based approach to
assessing academic achievement, when students'
achievements are compared with the amount of
knowledge that needs to be acquired at a certain
stage of training since there is a need for
assessment, the results of which would allow to
determine what educational goals a student has
achieved. This led to the advancement of such an
aspect of assessing as comparing an individual
result with predetermined criteria.

Evaluation systems in different countries
show that a five-point grading system with vague
indicators is traditional and does not satisfy
modern educational needs (Mdiller et al., 2017;
Cencelj et al., 2019; Guo and Yan, 2019; Kim,
2019). A multi-point system is conventional, but
different countries practice different points; the
most optimal, in authors’ opinion, is the letter
designation of achievements, which means a
certain number of points (Haber and Mitchell,
2017; Lookadoo et al.,, 2017; Buchholtz et al.,

2018; Sagimbaeva et al., 2019).

Kazakhstani school education is being
developed in accordance with the State Program
for the Development of Education of the Republic
of Kazakhstan for 2011-2020. The updated
educational program is aimed at developing a wide
range of functional literacy of students, following
international practice, enables students to develop
functional literacy and critical thinking. In the
program of Kazakhstan on the development of the
functional literacy of students for 2012-2016, the
results of the development of functional literacy of
students and the application of acquired
knowledge in practice are indicated as the main
competencies.

Currently, Nazarbayev Intellectual Schools
JSC, together with the Cambridge University
Board of Examiners is developing experimental
learning outcomes for each section and topic of
the subject in innovative integrated training
programs, and ways to assess their achievement.
In a primary school (7-10th grades), students
learn the same program material over a different
period, depending on their abilities, and by the end
of the 10th grade, they must achieve the same
learning goals. This approach to the organization
of the educational process, as it is seen, gives a
high result (Sagimbaeva et al., 2019) of training,
and in the future, leads to a successful adult life.

In the curriculum for assessing the
performance of students of other secondary
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schools, in educational materials, practical
experience systematically affecting the formation
of educational and cognitive competence of
students, the established criteria for assessing the
achievements of students, who have
interdisciplinary sciences, are not defined in
advance. Criteria-based assessment in the
educational process is not fully understood.
Existing assessments and monitoring do not allow
to determine whether achievements in the field of
education are fully used since the subjective
assessment tools wused (tests, theoretical
guestions, control issues, etc. are not criteria for
determining the level of knowledge acquisition)
(Broadbent et al., 2018; Sagimbaeva et al., 2019)

The establishment of various approaches
to assessing competence, personal orientation,
the development of a general pedagogical concept
based on the development of relationships — all
this determines the current trends in the
development of the assessment system, and
some criteria for assessing the level of required
competence are based on a comparison of
students' achievements, methodological problems
of criteria-based assessment (Carter and
Bathmaker, 2017; Sanchez et al., 2017; Alt, 2018;
Mohamadi, 2018; Astriawati and Djukri, 2019;

Basera, 2019; Palmiero and Cecconi, 2019;
Mirmotahari et al., 2019).
Thus, based on the theoretical and

practical foundations of world and domestic
experience, it can be concluded that as part of the
educational process, assessment and control and
evaluation activities as a whole act as an
independent element of the content of education,
requiring development (Azmy and Mokhtar, 2017;
Marinkovich et al., 2018; Mohamadi Zenouzagh,
2019; Pastore et al., 2019; Silseth and Gilje,
2019). At the same time, the assessment system
allows to receive integral and differentiated
information about the educational process, track
individual student progress in achieving the
planned results, provide feedback for teachers,
students, and parents, track the effectiveness of
the educational program (Luckin et al., 2017; Meek
et al., 2017; Houston and Thompson, 2017; Black
and Wiliam, 2018; Tienson-Tseng, 2019).

This study aimed to determine the role of
criteria-based assessment in the formation of
students' functional literacy in computer science
and to build a criteria-based assessment model in
the development of functional literacy beyond to
demonstrate the effectiveness of the methods of
formation of students' functional literacy in
computer science.

2. LITERATURE REVIEW:

A.A. Krasnoborova (2009), in her article,
proposes the author's definition of pedagogical
technology for criteria-based assessment. The
authors call the pedagogical technology of criteria-
based evaluation of students in the framework of
educational and cognitive activity a process-
effective meta-technology that provides a system
of interconnected control and assessment of
actions of all participants in the educational
process to achieve the goals and objectives of the
training.

In the study of E.A Sokolova. (2017) a
methodology is developed in which criteria-based
internal assessment is included in all stages of the
activity-oriented design of teaching the topic of the
school geometry course developed in this study.
Studies suggest different approaches to assessing
results.

The study by M.M. McGill (McGill and
Decker, 2019) introduces a Resource Centre
(csedresearch.org) designed to provide resources
for researchers in primary and secondary
computer education. The center has a primary
function to provide a centralized location for
assessment tools, many of which focus on
computing.

Y. Ohashi (Ohashi and Yamachi, 2017)
used participant observation and group interviews
as research methods, as well as a case code
matrix and a qualitative data analysis method. The
authors developed assessment criteria for an
information volunteer for a training course
launched in 1997, in which students participated in
educational activities based on information from
nearby schools. The study generated 30 cases,
which were organized in the following three
categories: problems, support, and what they
learned from this activity. Each of these categories
was further divided into the following
subcategories: communication, office work, and
training. It was discovered that students could not
solve all the problems. Also, students
demonstrated different levels of performance,
which, according to their conclusion, may be
associated with differences in students' academic
abilities, as well as with the diversity of activities
from school to school.

When determining functional online literacy
in the study by K. Dolenc (Dolenc et al., 2015), it
is demonstrated that there are differences in
reading comprehension when reading offline and
online, when using electronic school material in
their educational process. The study involved 78
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students of the 8th grade of primary school,
studying the course “Technology and Science.”
The authors used individual and adaptive
intelligent learning systems (ITS) and, using the
assessment of the results, showed that for this
form of ITS there is still enough room for
optimization, which is a constant method of
improvement and updating in such systems.

Priscilla Haring (Haring et al.,, 2018),
examining information on the relationship between
game design and player’s cognitive processes,
explores the use of Bloom's taxonomy in
describing a psychotherapeutic game in terms of
knowledge and cognitive processing.

The study by Valerie J. Shute (Shute et al.,
2011) examines the research literature on the
relationship between parental involvement (PI)
and academic performance, with a particular
emphasis on high school (middle and high school).
The results first show how individual Pl variables
relate to academic achievement, and then move
on to a more sophisticated analysis of several
variables of the general design described in the
literature.

Yuan Wang (Wang et al., 2018), in his
studies, showed that assessing the skills of
information literacy students is extremely
important. This article explores an improved
compression criterion, which is based on the
entropy of a population in an objective space and
the maximum distance in a decision-making space
and is used to make a decision about starting a
local search. The authors argue that the modified
model-based population reinitialisation strategy is
designed to enhance the ability of HDEMR (hybrid
differential evolution with model-based
reinitialisation) to search globally for solving
complex problems.

Panagiotis Psomos (Psomos and Kordaki,
2011) presents a new model for assessing the
pedagogical validity of educational digital
storytelling environments (EDSE). This model is
based on modern social and constructivist views
on learning and consists of sixteen dimensions.
The model has the shape of a star called the
“Digital Storytelling Pedagogical evaluation star,”
consisting of sixteen peaks as the number of
aspects of the assessment above model. The
proposed model can help researchers and
designers in the pedagogical analysis of the
existing EDSE and in making appropriate
decisions for the design of the future EDSE.
Besides, this model can help teachers choose the
right EDSE so that they can complete specific
pedagogical tasks in their classrooms.

Rosério R. (Rosario et al., 2011) analyses
the role played by some homework variables in
student achievement (proximal and distal), as well
as their mediating role in using self-regulatory
learning strategies and perceived self-efficacy in
the subject area. The focus is on English as a
Foreign Language (EFL), and a sample of 591
Portuguese fifth and sixth-grade students is used.
The data they obtained confirm the indirect effect
of homework on school achievement with the help
of the mentioned cognitive and motivational
variables (the use of self-regulatory learning
strategies and self-efficacy).

Inga Glogger (Glogger et al., 2013) shows
in her study teacher preparation for evaluating
important components of self-regulatory learning,
such as learning strategies, which is an essential
aspect of integrating self-regulatory knowledge in
the school. The authors argue that training
journals can be used to evaluate learning
strategies per models of the cyclic process of self-
regulatory learning and provide precious formative
feedback. A computer-based learning
environment (CBLE) has been developed that
educates teachers in evaluating learning
strategies using instructional journals.

The goal of Manuela Leidinger (Leidinger
and Perels, 2012), based on Zimmermann’s
theory of self-regulation, was to promote a robust
learning environment to support self-regulatory
learning using teaching materials. Learning
materials have been developed that focus on the
specific (meta) cognitive and motivational
components of self-regulatory learning and are
divided into six blocks, with which students from
the experimental group worked weekly. In total,
135 fourth-graders took part in the study.

The article by A. Vernon (2011) reviews a
model developed by the authors to evaluate non-
traditional teaching methods, such as group
learning. This model was applied to group training
courses, which included innovative enhancements
such as group exams and group-based role-
playing games. The model required a balanced
presentation among the set of learning criteria,
grouped into six sets of target criteria; all of them
are taken from the literature on group learning.
The authors developed a test tool based on this
model and presented it to 85 students at the end
of three business strategy courses.

Many topical questions were asked by
teachers in a study by Vreda Pieterse (Pieterse
and du Toit, 2009) in a closed electronic survey to
identify possible causes for misrepresentation of
guestions in assessing knowledge, due to the
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students' inability to sufficiently understand their
essence. In this study, they tried to extrapolate
aspects that could lead to computer science
students misunderstanding instructions and
scientific research. As a result, they would not be
able to solve the very questions that the lecturer
wants to evaluate. The authors sought to compile
a set of guidelines to address issues related to
misunderstanding of the issues raised.

Functional literacy consists of language,
legal, environmental, computer, information, and
activity literacy. During the current continuous
development of the information society, everyone
has the opportunity to master information
technology and use it according to their own
needs, that is, forms their own computer literacy,
which is one of the components of students'
functional literacy, and it is also known that
computer science plays a huge role in the
formation of information and technological
competencies, which are an integral part of the
competencies indicated above.

The expected results of students in
computer science provide an opportunity to
objectively evaluate their educational
achievements and determine their development
paths, considering the abilities of each student,
also help stimulate students' skills and expect
improvement in the quality of the educational
process.

In reflecting the assessment of computer
science for K-8 teachers, Hannah E. Chipman
(Chipman et al., 2019) concluded that one area
that has not been fully explored is how grades can
affect student confidence and attitudes to CS. It
was shown that the threat of stereotype and
modality of a test affect the performance of the
tested CS.

As a result of studying the functional
literacy of students in the work of Anatoly Veryaev
(Veryaev et al., 2012), it was shown that functional
literacy reflects practical ideas about adaptation to
social conditions, and cannot be considered as
one of the leading educational goals. It is
concluded that the natural-scientific direction of
training, in comparison with the humanities, has a
more favorable effect on the test results in the
framework of tasks proposed by international
organizations. As a result, the identification of
computer and information literacy levels allowed to
test the developed test tasks focused on the
Federal State Educational Standard to adjust
lectures and practical classes for first-year
students at the Computer Science course.

The monograph by H.S. Bhola (1979)

considers assessment as a link in the “ideology for
technology” chain, assessment models and
approaches, an assessment model for a specific
situation, providing assessment in functional
literacy programs, classic change measurement
protocols, some newly discovered change
measurement protocols, implementation data for
management and evaluation, particular
assessment tasks for employees of functional
literacy, data verification, and analysis, design of
assessment and interpretation of evaluation
results for decision making.

3. MATERIALS AND METHODS:

Criteria-based self-assessment: at the
beginning of work with this technique, a teacher
needs to determine the criteria for assessment
with students. A teacher should show by example
the levels of achievement of these criteria and how
the assessment process will take place. It is also
useful to practice evaluating works. Examples of
criteria-based self-assessment tools are systems
of conditional signals and designations of the level
of understanding or mastering by a student of a
particular knowledge or skill (for example, “color

tracks”, “traffic lights cards +/-").

, “rulers”,

For criteria-based mutual assessment,
maps or sheets of assessment are developed with
criteria and levels of achievement or forms of
feedback on a work. Weekly reports are sheets
that students fill out at the end of the week,
containing three questions: What have | learned
this week? What questions remained unclear for
me? What questions would | ask students if | were
a teacher to check if they understood the material?

The mind map (intellect map, concept
map) consists of the names of concepts placed in
frames; they are connected by lines fixing the
relations of these concepts from general to
particular. A map is considered from top to bottom,
a teacher will be able to determine how well
students see the overall picture of an entire course
or a single topic.

The introduction of criteria-based
assessment will allow switching to a formative
evaluation aimed at developing student
competence. The assessment, consisting of
criteria that a student understands, stimulates him,
and makes the learning process meaningful. The
criterion approach to assessing students consists
in comparing the student's achievements with
well-defined, collectively developed criteria well
known to all participants in the process. Criteria of
assessment are developed for each subject. With
proper preparation of the criteria scale, the student

Periddico Tché Quimica. ISSN 2179-0302. (2020); vol.17 (n°35)
Downloaded from www.periodico.tchequimica.com

45



can independently assess the quality of their work,
which stimulates the achievement of a higher
educational result and the formation of educational
independence. The use of criteria-based
assessment in the educational system makes it
possible to identify and improve the method for
assessing student performance with the objective
goals of an individual subject, as well as using
specific parameters (criteria) that allow students to
compete in high school.

4. RESULTS AND DISCUSSION:

Criteria assessment consists of formative
and summative assessments. The training manual
of the Ministry of Education and Science of the
Republic of Kazakhstan (Methodological and
educational..., 2017) indicates that formative
assessment is an assessment of the current work
in the classroom, which is mandatory for this stage
of training and the cognitive process. This is the
student’s current performance indicator, providing
feedback between a student and teacher. It helps
to identify student difficulties and increase the
ability to achieve good results. A student should be
able to fill current gaps in learning, considering the
recommendations of a teacher, with the advice of
other students, completing the remaining or
additional tasks.

Summative assessment is a cumulative
form of assessment that is carried out at the end
of a specific training period (quarter, trimester,
academic year), and also after mastering the
section (Methodological and educational ..., 2017).
Following the curriculum, the criteria-based
assessment is conducted continuously by a
teacher, provides feedback between a teacher
and students, and allows timely correction of
learning processes, not only scores, grades. A
total assessment of sections/general topics is
carried out by a teacher 2-3 times a quarter. The
final quarterly assessment is carried out by a
teacher at the end of each quarter. Summative
assessment to determine the level of knowledge is
carried out at the end of the primary, principal,
senior grade. The funded system records only the
achievements of students; therefore, actively
encourages students to self-study and cognitive
activity, to the full mastery of the curriculum.
Standards, methods, and means of assessment
vary depending on the type of assessment and
subject specificity. The authors present the
developed criteria-based evaluation model in the
form of a scheme (Figure 1). Consider the
techniques of formative assessment (Figure 2).
Each of them is based on different criteria.

Computer science training mainly involves
the development of user skills, in particular
computer skills and new technologies. Therefore,
when studying some topics, practical work on the
computer is conducted. When developing and
testing experimental integrated educational
programs in subjects, the authors partially began
to use the approach used by Nazarbayev

Intellectual Schools in conjunction with the
Examination Council of the University of
Cambridge.

The authors want to focus on the practice
of preparing assignments and carrying out SAS
(summative assessment of a section) and SAQ
(summative assessment of a quarter) when
teaching computer science. When developing
tasks of SAS and SAQ with the use of criteria-
based assessment at computer science lessons
and meeting the requirements of the modern
system of updated content in training, it is
necessary to strive to develop students' thinking,
to provide an opportunity to analyse the proposed
situations, thereby students learn to analyse and
evaluate their critical thinking. When developing
test tasks in the SAQ, it is necessary to adhere to
the test specification (ST), where the learning
objectives and tested skills are predefined.

For example, consider the topic
“‘Measuring information and a task” in the
“Computer” section (Table 1). It is possible to
accept tasks in the form of tests (Table 2).

For an objective and evidence-based
verification of the validity of the pedagogical
hypothesis, a pedagogical experiment was
conducted using the following methodology. As a
result of measuring the same indicator using the
same measurement procedure, the following data
are obtained: x = (X1, X2, ..., Xn) — sample for the
experimental group andy = (y1, Y2, ..., Yym) — for the
control group, where x;— the sample element — is
the value of the studied indicator (featurel) for the
i-th member of the experimental group, i =1, 2, ...,
n, and yjis the value of the studied indicator for the
y; -th member of the control group, j=1, 2, ..., m.
The number of sample elements is called its size
— for example, the size of sample x is N, and the
size of sample y is M (Novikov, 2004).

Measurements were made on the ratio
scale (time, number, etc.), {xi} and {y;} — positive,
including natural numbers, for which all arithmetic
operations make sense. The measurement
consists in determining the level of knowledge by
conducting a test that includes 20 tasks. It is
assumed that the characteristic of a student (sign)
is the number of correctly solved problems.
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The authors use an ordinal scale (rank
scale) with L gradations; it is assumed that {x;} and
{y;} are natural numbers that take one of L values.
A set of values (points) is a set of numbers from
one to L. A characteristic of a group will be the
number of its members who have gained a given
score. That is, for the experimental group, the
point vector is n = (n1, Ny, ..., n.), where ng is the
number of members of the experimental group
who received the k-th point, k=1, 2, ..., L. For the
control group, the point vector is m = (mg, my, ...,
m.), where my is the number of control group
members who received the k-th point, k =1, 2, ...,
L. Obviously, nz+nz+ ...+n =N, mi+mz+ ... +
m. =M.

Here are the formulas for calculating the
main indicators. The arithmetic mean x of the
sample {xi}i = 1 ... N (sample mean) is calculated
as follows (Equation 1) and the sample dispersion
Dx (Equation 2). For the data measured in the ratio
scale, to test the hypothesis that the
characteristics of the two groups coincide, it is
advisable to use the Cramer-Welch criterion. The
Cramer-Welch criterion is designed to test the
hypothesis of equality of means (strictly speaking,
mathematical expectations) of two samples.

The empirical value of this criterion is
calculated on the basis of information about the
volumes N and M of samples x and y, sample
means x and y, and sample dispersions Dx and Dy
of the compared samples (these values can be
calculated manually using formulas (1)-(2) or
using the tool “Descriptive statistics” in the
computer program Microsoft Excel according to
the following formula (Equation 3):

Descriptive  statistics,  firstly, allows
presenting the results of a pedagogical experiment
in a compact and informative form, which makes it
possible to conduct a qualitative analysis of the
objects studied. Secondly, several indicators of
descriptive statistics are used in quantitative
analysis (when applying statistical criteria). The
algorithm for determining the accuracy of
coincidences and differences in the characteristics
of the compared samples for the experimental
data measured in the ratio scale using the Cramer-
Welch criterion is as follows:

1. To calculate for the analyzed samples
the Temp — the practical value of the Cramer-Welch
criterion according to formula (3).

2. To compare this value with the critical
value T0.05 = 1.96: if Temp < 1.96, then conclude:
“the characteristics of the compared samples
coincide at a significance level of 0.05”; if Temp>
1.96, then conclude “the reliability of differences in

the characteristics of the compared samples is
95%".

Experimental training was conducted in
several schools in Almaty. Students were divided
into experimental and control groups. The purpose
of the pedagogical experiment was to verify the
effectiveness of the developed system of tasks
and tests and the authors’ proposed methodology
for the formation of students' functional literacy in
computer science.

In the experimental and control groups, the
SAQ was carried out according to the authors’
tasks and tests. The experimental group consisted
of N = 15 people, and the control group consisted
of M = 20 people. The results of measurements of
the level of knowledge in the control and
experimental groups before and after the
experiment are shown in Table 3.

The experimental results are also obtained
in the ordinal scale. For N = 15, M = 20, there are
three levels of knowledge L = 3: low (the number
of solved problems is less than or equal to 10),
medium (the number of solved problems is strictly
bigger than 10, but less than or equal to 15) and
high (the number of solved problems is strictly
bigger than 15). The authors form Table 4, in
which the upper limits of the ranges are indicated
(Figure 3).

For the measurement results in the ratio
scale (Table 4), the descriptive statistics indicators
were divided into several groups: position
indicators describing the position of the
experimental data on the numerical axis; scatter
indicators describing the degree of spread of data
relative to its center (average value). These
include sample dispersion, the difference between
the minimum and maximum elements (range,
sampling interval), etc.; asymmetry indicators: the
position of the median relative to the average, etc.

These indicators were used for visual
representation and primary (“visual”’) analysis of
the results of measurements of the characteristics
of the experimental and control groups.
Descriptive statistics for the first column of Table 3
(the number of correctly solved problems in the
control group before the start of the experiment)
are shown in Table 5.

The authors review the algorithm for
determining the accuracy of coincidences and
differences in the characteristics of the compared
samples for the data from Table 1, measured in
the ratio scale, using the Cramer-Welch criterion
(Table 6). To do this, first, it is needed to compare
the number of correctly solved problems in the
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control and experimental groups before the
experiment. The authors calculate by the formula
(3) the value of Temp = 0.84<1.96. Therefore, the
hypothesis that the characteristics of the control
and experimental groups coincide before the start
of the experiment is accepted at a significance
level of 0.05.

Now compare the characteristics of the
control and experimental groups after the end of
the experiment. The authors calculate by the
formula (3) the value of Temp = 2.04> 1.96.
Therefore, the reliability of differences in the
characteristics of the control and experimental
groups after the end of the experiment is 95%.

So, the initial (before the start of the
experiment) states of the experimental and control
groups coincide, and the final ones (after the end
of the experiment) are different. Therefore, it can
be concluded that the effect of changes is due
precisely to the application of the experimental
teaching methodology.

5. CONCLUSIONS:

The study of criteria-based assessment as
a way of forming students' functional literacy in
computer science and the results of experimental
work have led to many conclusions:

1. The necessity to ensure the mastery of
the primary content of the subjects studied and the
formation of functional literacy @ among
schoolchildren in seven key competencies require
the development of a new system for assessment
by criteria.

2. The basic content of education involves
objective results aimed at enhancing the
functional, including practical, focus of training.
Despite the different number of points in the
assessment and the divergence of opinions on this
issue in different countries, in all of these systems
the unifying core is the criterion of assessment and
the differentiation of the levels of assimilation of
educational material of students.

3. The process of developing functional
literacy among schoolchildren determines the
introduction of a new assessment system that
takes into account the effectiveness of all types of
educational activities, the procedural side of
learning material, and the manifestation of
individual and personal qualities of students.

4. When studying in the elementary school
(7-10th grades), the same program material for a
different period, depending on individual abilities,
by the end of the 10th grade, students should

achieve the same learning goals. This approach to
the organizing the educational process gives a
high learning outcome, and in the future, leads to
a successful adult life.

5. The assessment system allows to
receive integrated and differentiated information
about the educational process, track individual
student progress in achieving the planned results,
provide feedback for teachers, students, and
parents, track the effectiveness of the educational
program.

As a result of the study, the following
results were obtained:

1. For further development of the
methodology for the formation of students’
functional literacy in computer science, a criteria-
based assessment model has been built.

2. Based on practical experiments and the
proposed criteria-based  assessment, the
effectiveness of methods for the formation of
students' functional literacy in computer science
has been proved.
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(Eg. 1)

(Eq. 2)

(Eqg. 3)

Table 1. SAS assignments on the topic “Measuring information and computer memory”

The objective of learning

7.1.3.1 Classification of computer networks

Criteria of assessment

Student:

— determines the types of computer networks, information

devices;

— computer networks determine large-scale and local

networks;

— divides computer networks into wired and wireless

networks;

— is able to use types of networks in life;
— types of networks, topology, information

Level of thinking skills

Use
Skills of high level
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Execution time 20 minutes

Table 2. Test questions on classification of computer networks

Criteria of Tasks Descriptor Grade
assessment No. Student
7.1.3.1 1 Determines the types of computer networks, 1
Classification of information devices
computer 2 Is able to write names of network topology 1
networks 3 Provides examples of using the topology of a network of 1
schools, classes, buildings, institutions
4 Identifies advantages and disadvantages of computer 1
network
5 Determines characteristics of definitions of local, big, global, 1

zipping, text, table, regional, state, algorithm, package,
image, format, wireless, cable, etc.

6 In order to unite several cellphones, choses a type of 1
network, defines in practice
In total 6

Table 3. The results of measurements of the level of knowledge in the control and experimental
groups before and after the experiment

No. The control group  The experimental The control group The experimental
(the number of group (the number (the number of group (the number of
correctly solved of correctly solved correctly solved correctly solved
problems before problems before problems after the problems after the
the start of the the start of the end of the end of the
experiment) experiment) experiment) experiment)
1 15 12 16 15
2 13 11 12 18
3 11 15 14 12
4 18 17 17 20
5 10 18 11 16
6 8 6 9 11
7 20 8 15 13
8 7 10 8 7
9 8 16 6 14
10 12 12 13 17
11 15 15 17 19
12 16 14 19 16
13 13 19 15 12
14 14 13 11 15
15 14 19 9 19
16 19 19
17 7 8
18 8 6
19 11 9
20 12 12
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Table 4. The results of the experiment by level of knowledge

The level of Before the experiment After the experiment
knowledge CcG EG CG EG
Low 6 3 7 1
Medium 10 8 8 7
High 4 4 5 7

Table 5. The numbers of correctly solved problems in the control group before the experiment

Parameters Control group Control group Experimental Experimental group
before the after the end of group before after the end of the
start of the the experiment the start of the experiment
experiment experiment

Size of a sample 20 15 20 15
Minimum 7 6 6 7
Maximum 20 19 19 20

Interval (range) 13 13 13 13
Sum 251 205 246 224
Average 12.55 13.6667 12.3 14.9333
Median 12.5 14 12 15
Dispersion 15.31 15.24 16.75 12.49

Table 6. Criterion Method of Cramer-Welch

15 6.0025 15 0.004444
13 0.2025 18 9.404444
11 2.4025 12 8.604444
18 29.7025 20 25.67111
10 6.5025 16 1.137778
8 20.7025 11 15.47111
20 55.5025 13 3.737778
7 30.8025 7 62.93778
8 20.7025 14 0.871111
12 0.3025 17 4.271111
15 6.0025 19 16.53778
16 11.9025 16 1.137778
13 0.2025 12 8.604444
14 2.1025 15 0.004444
14 2.1025 19 16.53778

19 41.6025

7 30.8025

8 20.7025

11 2.4025
12 0.3025
number 20 15

average 12.55 14.93333
dispersion 15.31316 12.49524

value of a criterion: 1.884972
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CRITERIA-BASED ASSESSMENT

Formative asseszsment — a form of
confinuous asseszment that allows to

Summative aszeszsment — a form of assezsment that
1s carried out by scoring and grading at the end of 2

timely adjust the leammeg procezs, provide
feedback batween a student and z teacher.

cartain period of study (guarter, trimester, academic
year, level of sacondary education), az well as
sections general topics In traming programs.

Sommary grade for
zections/general topies
1. Approved assezsment

procedures for the quarter.

2. Decizion-making on the
achiavement of a zactiom of
the currienlom of aducational
objectives.

3. Accounting and recording
the resultz of grading

Final grade for an
academic year

Total azzeszment for the
quarter

1. The final procedurs was
carnad out at the end of each
quarter.

1. Deciding on the achievement
of the learning objectives of tha
quarter.

3. Accounting and registration
of tha results of the anmnual
aszessment

(zum of guarterly points).

Summative azzeszment at the end
of education levels

1. The final procedure for
completing primary and general
secondary school.

2. Deciding on the achievement of
the cumculum  objectrves m
accordance  with  the expected
razults i the dizeiplina.

3. Externzl azzeszment.

gualificationz

Final grade for }

1

Cnnﬂlrﬁng | ‘

Informing | | Activity of a student |
I= condurcted - students receive information on how to - actrvaly participatez m  the
during a quarter correctly complete tasks m the study of educational process;
with participation material; ) _ - understands assessment criteria
ofa tl:a-.':herpaud a - & tsacher can get mformation zbout and deseriptors;
student student progress and make changes to the - zelf-asteem /zalf-esteem.
learning process
Activity of a teacher | | F

- clearly etz ount the assessment eriteria m —  Physical:

accordance with the educational ohjectives; — In pairs: )

- draws up tasks m accordance with the B ’

evaluation criteria; - In teaﬂf_ﬁ,

- forms a handle fo the task; —  Changing teams.

- gives students effective faedback;

- makes adjustment: to the léa.m.i:lg and

aszeszment ProCess.

Figure 1. The model of criteria-based assessment
Reference: developed by the authors.
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Figure 2. Formative assessment methods

The number of
solvedtasks

10
B
6
4
2 I I
0
lovw meditim high
W before the experiment m aficr the experiment

Figure 3. Chart of knowledge levels
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RESUMO

O Movimento Harménico Simples (SHM) é um dos tdpicos basicos da fisica que subjaz a outros conceitos
e esta intimamente relacionado a vida cotidiana e a tecnologia. E usado para entender os fenémenos de
movimento mecanico, som, luz e teoria quantica, em particular, osciladores harmdnicos. O objetivo do estudo foi
investigar a compreenséo conceitual dos alunos sobre o movimento harmonico simples no sistema massa-mola.
A coleta de dados foi realizada por meio de testes e entrevistas. Os sujeitos da pesquisa consistiram em 49
estudantes em uma universidade em Jacarta. Os instrumentos utilizados foram tarefas de mdltipla escolha. Os
resultados da investigagdo mostraram que a maioria dos estudantes ndo conseguiu dominar bem os conceitos
béasicos do movimento harmdnico simples, determinar a magnitude da aceleragdo dos objetos devido a oscilagao
e encontrar o escopo do periodo de oscilagdo. Os resultados mostram que o desempenho médio dos alunos é
inferior a 50%. A falta de compreenséo da concep¢édo do aluno é causada pelo fato de os alunos ndo conseguirem
relacionar contetdos anteriores (como a lei de Newton e a lei de Hooke) com estratégias para resolver problemas.

Palavras-chave: Investigagdo, compreensdo de conceitos, Lei de Hooke, movimento harménico simples,
sistema de massa-mola.

ABSTRACT

Simple Harmonic Motion (SHM) is one of a primary physics topic that underlies other concepts and is
closely related to everyday life and technology. It is used to understand the phenomena of mechanical motion,
sound, light, and quantum theory, in particular, harmonic oscillators. This study aimed at investigating students'
conceptual understanding of simple harmonic motion on the mass-spring system. Data collection was made using
tests and interviews. The research subjects consisted of 49 students at a university in Jakarta. The instruments
used were multiple-choice tasks. The results of the investigation showed that most students have not been able
to name the basic concepts of simple harmonic motion, determine the magnitude of the acceleration of objects
due to oscillation, and find the scope of the oscillation period. The results show that the average achievement of
students is less than 50%. Lack of understanding of student conception is caused by students not being able to
relate previous insights (such as Newton's law and Hooke's Law) with strategies for solving problems.

Keywords: Investigation, Concepts Understanding, Hooke's Law, Simple Harmonic Motion, Mass-spring System.

1. INTRODUCTION: Kuswanto, 2018; Eldy and Wui, 2019; Krinks,
2016; Maison and Syamsurizal, 2019; Ogundeji,
Nowadays, research in the field of physics Madu, and Onuya, 2019; Olmstead, 2019;
education, in particular, understanding student Somroob and Wattanakasiwich, 2017; Son, 2017),
concepts, is a research trend that is studied in SO that with a good understanding of the concept
depth. Understanding concepts is one of the main Students can apply it in everyday life (Dimas,
objectives in learning physics (Adolphus, Alamina, Suparmi., Sarwanto., and Nugraha., 2018;
Aderonmu, Education, and State, 2013; Aristaand Nugraha, Suparmi, Masykuri, and Cari, 2016).
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Physics is the study of matter, energy, and
its interactions. Physics plays a key role in the
progress of humanity; in this case, physics, as a
basic concept for technological advancements
needed to drive the world economy (Adolphus et
al., 2013). Simple Harmonic Motion (SHM) is one
of the physical materials that is closely related to
everyday phenomena; it is used to understand the
phenomena of mechanical motion, sound and
light, and quantum theory in particular harmonic
oscillators (Adolphus et al., 2013; Alho, Silva,
Teodoro, and Bonfait, 2019; Greene, Gill, and
Eyerly, 2016; Parnafes, 2010).

The application of SHM concepts in daily
life can help students identify and shape their
knowledge (Khowatim, Mahardika, and Alex,
2017). Some real-world phenomena, such as
simple harmonic motion, require an understanding
of the concepts of coordinates in various wave
functions (Parnafes, 2010). So it can be said that
the understanding of SHM concepts that must be
understood by students both in theory and
mathematical calculations (Adolphus et al., 2013).
By learning how students understand physics, and
their attitude towards learning physics is
something interesting to study (Angell, Guttersrud,
Henriksen, and Isnes, 2004; Son, 2017). It aims to
improve the quality of physics learning.

The quality of physics learning has a
positive correlation between teacher mastery of
physics material and better pedagogical practices
(Dandare, 2018). The results of research
conducted by Dandare (2018), revealed that there
are gaps in physics teachers regarding simple
harmonic motion material.

Therefore, the aim of this study was to
investigate students' conceptual understanding of
simple harmonic motion on the mass-spring
system.

2. LITERATURE REVIEW:

Understanding the concept is a process of
adaptation and transformation of science
(Gardner, 1999). Concept mastery is the result of
student learning in the form of achieving the
competence of physics courses in the cognitive
domain. A scientific concept is expressed in
various levels and presented or generalized in
curriculum standards (OECD, 1999). The
concepts of students are explored and developed
using logical reasoning skills, training, formulating
theories, and participation in problem-solving so
that students can create an accurate conclusion
(Nurhuda, Rusdiana, and Setiawan, 2017).

Physics learning aims to make students
obtain many concepts and apply or apply flexibly
(Reif, 1995). To represent the concept of physics
requires an exceptional understanding of the idea.
In other words, the multi-representation ability is
closely related to understanding student concepts.
The representation can be interpreted as a
description of the relationship between objects
and symbols (Hwang, Chen, Dung, and Yang,
2007). The connection with learning physics
representation aims to describe a

concept/object/phenomenon using specific
symbols, including words/verbal symbols,
diagrams/pictures, graphs, and mathematical
symbols.

While multi-representation is a way to
represent a concept in the form of different
representations. Waldrip et al. (2006: 87) define
multiple representations as practices to describe
the same idea through various ways, which
include descriptive descriptions (verbal, graphs,
tables), experimental, mathematical, figurative
(pictorial, analogy, and metaphorical), kinesthetic,
visual and operational-operational (Waldrip, Prain,
and Carolan, 2006). Merging these
representations complement each other, making it
easier for students to understand concepts and
solve problems.

Multirepresentations have three main
functions, namely as a complementary, limiting
interpretation, and  understanding  builder
(Ainsworth, 2006). Multirepresentations support
the inculcation of concepts by providing
supplementary information about an idea, limiting
the possibility of errors in the use of other
representations, and helping to build deeper
understanding by increasing abstraction, helping
generalization, and building relationships between
representations. Learning process by using multi
representation models effectively to enhance
students’ understanding of concepts (Fatmaryanti
and Nugraha, 2019).

Simple harmonic motion (SHM) is one of
the materials taught in basic physics courses.
Some research has been done on understanding
concepts and learning from SHM material.
Research by Somroob  (Somroob and
Wattanakasiwich, 2017) shows most students
have misconceptions about the recovery style,
and they have problems connecting mathematical
solutions with real movements, especially phase
angles. Also, they have issues with interpreting
mechanical energy from charts and motion
diagrams (Somroob and Wattanakasiwich, 2017).

Periédico Tché Quimica. ISSN 2179-0302. (2020); vol.17 (n°35)
Downloaded from www.periodico.tchequimica.com

56



3. MATERIALS AND METHODS:

3.1. Research Design

This research method was surveying with
gualitative analysis. The instrument used in this
research was developed from some source such
as the Serway and Jewett physics textbook, AP
Physics SHM test, and SHM-CS (Hammer, 1996;
Nugraha, Cari, Suparmi, and Sunarno, 2019;
Serway and Jewett, 2004; Somroob and
Wattanakasiwich, 2017). The instrument have
been validated before use. The tool consists of
twelve items. The distribution of items used is
presented in Table 1. The topic discussed in this
study is the mass-spring system with six items.
The data was analyzed qualitatively compared
with the result of unstructured interviews with
students. The interviews conducted to clarify
student reasoning due to their answer (Lee and
Park, 2013; Waldrip, Prain, and Sellings, 2013).

3.2. Research Subject

The sample used in the study were
students in the physics education program at
Indraprasta University. This study held in
indraprasta with permission from the lecturer or
physics education at Indraprasta University in
2019. The sample selection uses a purposive
sampling technique with a total sample of 49
students. Purposive sampling is sampling based
on specific considerations based on researchers'
criteria (Patton, 2014; Teddlie and Tashakkori,
2009).

3.3. Instrument

The instrument was a conceptual survey
that is used to determine the level of students'
understanding after they have completed a series
of physics learning. The instrument used was in
the form of a reasonable multiple choice that was
adopted. The instrument is developed from a daily
phenomenon and combine with the theories. The
validated instrument consists of some concepts
about simple harmonic motion. The concepts
included (1) Direction of the normal force vector
and the gravity; (2) Basic concepts of simple
harmonic motion; (3) Acceleration of the object
due to oscillation, and (4) System oscillation
period. The distribution of items in each concept is
presented in Table 1.

Table 1. Distribution of Question Items for
Concept Understanding Instrument

Sub Concept Material Mass- Number
No -
Spring System of Items
1 Direction of the normal force vector 1
and the gravity
2  Basic concepts of simple harmonic 2
motion
3 Acceleration of the object due to 2
oscillation
4  System oscillation period 1

Before an analysis of students' conceptual
understanding is carried out, a study of the
characteristics of the instrument is conducted. The
features of the instruments used, referring to the
modern test theory. Analysis of instrument
characteristics using the Quest program, the
results of the study are presented in Table 2.

Table 2. Characteristics of Concept
Understanding Assessment Instruments

. Estimates Estimates
No Review
for Items for Testees
Average values
1 and standard .00 + .26 .03 + .40
deviations
2 Reliability .65 .79
Average values
3 and standard 1.00 £.10 1.00 £ .39

deviations

The assessment instrument has a mean
INFIT MNSQ of 1.00 and a standard deviation
(SD) of 0.10, meaning that overall the items
developed are fit with the Rasch model. This is
following the opinion of Aminah (2017), which
states that the mean INFIT MNSQ 1.01 and SD
0.09. It means that overall the items are under the
Rasch model (Aminah, 2017). While the reliability
estimation results obtained the value of person
reliability 0.79, and item reliability 0.65. It can be
concluded that the consistency of the answers
both from the TESTEE (a person subjected to a
test/One who takes or has taken a test) or from the
item has high reliability.

4. RESULTS AND DISCUSSION:

4.1. Overall Performance

Investigating students' understanding of
concepts is carried out on students who have to
learn fundamental physics courses, especially
simple harmonic motion (SHM). The results of the
student answer analysis, in general, presented in
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Figure 1.

System oscillation period

Acceleration of the object due to
oscillation

Concept

Basic concepts of simple
harmonic motion

Direction of the normal force
vector and the gravity
0 10 20 30 40 50 60 70
Percentage

Figure 1. Investigations on the Student Concepts
Understanding in the Mass-Spring System
Material. Source: The author

Figure 1 shows that the four aspects which
consist of the basic concepts of simple harmonic
motion, determining the magnitude of the
acceleration of objects due to oscillation, and
finding the importance of the system oscillation
period are still below 50%. In contrast, the concept
of the normal force and gravity vector is above
50%. These results indicate that most students
have not been able to understand the concept of
SHM in an elaborate manner. These results are
consistent with Ambrose's research, which shows
that students have difficulty mastering basic
concepts to hamper their understanding of more
complex ideas (Ambrose, 2007).

4.2. Normal force vector and the gravity

The investigation results of students'
conceptual understanding in determining the
direction of normal force and gravity vectors get an
average percentage of about 58.16%. The items
used were two items, in the first item as many as
19 (38.77%) students answered correctly, and in
the second item as many as 38 (77.55%), students
answered correctly. This result shows that most
students have difficulty in answering the first
problem. The basic concept in the first problem
can be solved by knowing the concept of force
resultant.

The resultant force on blocks placed on the
floor is zero. Based on Newton's second law, there
are two quantities of force that balance each other.
For example, a block rests on the floor, and then
the floor exerts a force upward. The upward
(normal) force applied by the floor to the block is
often called the touch force because it occurs in
two objects that touch. When the normal force is
perpendicular to the surface of the touch plane, the
force is usually called the normal force. There are
three types of the "zero" meaning in the equation

of Newton firs law. Zero as (1) the "zero intuitive",
which means "nothing”, (2) a "zero number" which

used to represent numbers and (3) a
"mathematical zero" according to modern
mathematics (Qiang and Dong, 2007). The

problem given is in the form of two blocks
connected by a massless spring when in a
stationary position, which presented in Figure 2.

Pay attention to the following picture!

A—Ji000 B

Two blocks A and B have mass ma and ma connected by a massless spring with constant k. The correct
free diagram of normal force and weight of blocks A and B are

- , :
a) A | E]B w A B o A
e g

n.g

myg
58 myg

Give your reasons: ...

Figure 2. Iltem Problem about Concept of Gravity
and Normal Force. Source: The author

Normal Force is a force acting on a plane
that touches between two surfaces of an object,
whose direction is always perpendicular to the
touch plane. The normal force symbol is N and the
International System unit is kg m/s? or Newton.
Most students are able to answer this problem
correctly. Examples of student answers are
presented in Figure 3.

i idh S W I
Al i ’JB SIAS ‘ 1 B % A B
g | .
o i . —i—, =
A B, Al ‘( WB
—— < g e fe:
i 5
.0 K C o won btan | (Asa M, dan w,
Doan ™ing Lo ot Ao A panc ry 5

Figure 3. Examples of Student Answers on Item

about Concepts of Gravity and Normal Force.
Source: The author

Figure 3 is an example of a student who is
unable to answer this problem well. This can be
seen in the answers the student chooses the
answer C. The reason given by the student is
because the option C block shows masses of ma
and mg as equal, and produces a force with equal
pressure. These results indicate that the student is
not able to master the basic concepts of the gravity
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well. This finding proved that the mathematical
presentation of students’ understanding can be
used to identify the zero intuition experienced of
students (Handhika, Cari, and Suparmi, 2017). In
any case some students can interpret that no
forces are acting on the object on the Newton first
law concepts (Hsu, 2001).

These results are consistent with
Ambrose's research, which shows that students
have difficulty mastering basic concepts to hamper
their understanding of more complex concepts
(Ambrose, 2007). Other research conducted
Nugraha, et al. (2019) shows that the student's
inability to master the basic concepts of the simple
harmonic motion is in determining the relationship
between distance, speed, and acceleration.

The concept of normal force direction is
always perpendicular to the touchpad (Giancoli,
2019; Serway and Jewett, 2004). If the touch plane
between two objects is horizontal, the direction of
the normal force is vertical. If the plane of the touch
is vertical, then the direction of the normal force is
horizontal. If the plane of the tilt is tilted, then the
direction of the normal force will also be tilted. The
base or vector capture point starts from the point
where two surfaces of objects touch and then draw
a perpendicular line through the center of mass of
the object.

4.3. Basic concepts of simple harmonic motion

The investigating results of students'
understanding of concepts about basic concepts
of simple harmonic motion get a percentage of
34.65% or as many as 17 students who managed
to answer correctly. These results indicate that
most students have difficulty in determining the
basic concepts of simple harmonic motion.
Oscillation motion is the movement of an object
back and forth over the same path. An example of
a simple case is the oscillation motion of an object
with mass m placed at the end of spring, as in
Figure 4.

Pay attention to the following picture!

ATITI-B

If two blocks A and B each have mass m; and m: connected by a massless spring with the constant .

The two blocks A and B are then pressed and then removed. the system oscillates on the slippery floor.

The correct basic concept this problem is .......

a) Block A and B maintain each other's condition due to the applied pressure, and are passed on to a
spring

b) The acceleration of objects A and B is proportional to the amount of force received due to the
recovery force

¢) The acceleration of objects A and B is inversely proportional to the total force received due to the
spring pressure force

d) The concept of restoring force, where this force is able to reverse the situation when under pressure

¢€) The force of action applied to object A is passed on to object B which is equal to the force received

B P

Figure 4. Item of Basic Concepts of Spring
Oscillation. Source: The author

Figure 4 is an example of an item that
visualizes the concept of oscillating motion on a
spring on a slippery floor so that there is no friction.
If the spring is pushed to the left or right with a
displacement of x, after the thrust is removed, the
spring will try to return to the equilibrium position.
The force applied by the spring to return to its
original position is called the restoring force.
Because the force acting on an object is not
constant, the acceleration of the object is also not
constant but is proportional to the magnitude of the
restoring force. The acceleration is directly
proportional to the position of the block, and the
direction is opposite to the displacement from the
equilibrium position. An object experiences simple
harmonic motion when its acceleration is directly
proportional to its position and in the opposite
direction to its movement from equilibrium

The results showed that most students
answered correctly on this item. However, there
are still some students who have difficulty
understanding the basic concepts of spring
oscillations. One example of students who cannot
solve this problem properly is presented in Figure
5.

Figure 5. Examples of Student Answers on Item

Basic Concepts of Spring Oscillation. Source: The
author

Figure 5 is an example of a student who is
unable to answer this problem well. This can be
seen in the answers students choose the answer
choice D. The reason given by the student is that
when A and B are pressed, the spring force will
give the same restoring force to A and B.

These results indicate that the student is
not able to master the basic concepts of the gravity
well. These results are consistent with Ambrose's
research, which shows that students have
difficulty learning basic concepts to hamper their
understanding of more complex concepts
(Ambrose, 2007). This is in line with the results of
the study (Parnafes, 2010) that in some problems,
students have not been able to understand the
basic concepts of mechanical motion as a basis
for understanding simple harmonic motion. These
concepts include the concept of instantaneous
speed, frequency, and average speed.
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4.4. Acceleration of the object due to oscillation

The results of investigating students'
understanding of concepts in determining the
magnitude of the acceleration of objects due to
oscillation, with an average percentage of 32.65%.
The items used were two items, in the first item as
many as 18 (36.73%) students answered
correctly, and in the second item as many as 14
(28.57%), students answered correctly. These
results indicate that most students have difficulty
in answering the second question. The basic
concept in the second problem can be solved by
knowing Newton's second law concept.

The restoring force is the force that leads
to an equilibrium position and is, therefore, the
opposite of the displacement of an object from its
equilibrium. By using Newton's second law
Y. F, = may, E, is Hooke's law that is the force
produced by a spring on a block is directly
proportional to its position. The item used to
determine the students' understanding of the
concept of accelerating the oscillation of the mass-
spring system is presented in Figure 6.

Pay attention to the following picture!

A—TITT0 B

If both blocks A and B are then pressed and then removed, they oscillate on the slippery floor. Beam acceleration

due to restoring force on the spring is ...

. e .
o Dxe_moyy A R d e w

d :.TJ kAx ) d*x n
c 2=— e 4
aF  kAr @ m, ar @ m a7 kAx

Give your reasons:

Figure 6. Iltem about the Concept of Acceleration
of Mass-Spring System Oscillation. Source: The
author

The results showed that most students
answered correctly on this item. But there are still
some students who have difficulty understanding
the concept of accelerating the oscillation of the
mass-spring system. One example of students
who cannot solve this problem properly is
presented in Figure 7.

Argumentasi: YN0 dava  Yimulh Bl Dic\awaran ol $an caya g Bildlan

v, . 3 I\ |
M B Gl lanen L T e

Figure 7. Example of Student Answers on the
Concept of Acceleration on Mass-Spring System
Oscillation. Source: The author

Figure 7 is an example of a student who is
unable to answer this problem well. This can be
seen in the answers students choose the answer
choice B. The reason given by the student is

because the recovery style is always in the
opposite direction to the force given and is usually
symbolized by a negative sign (-). This finding
shows that the student answers the item using his
perception without using the correct theoretical
basis.

These results indicate that students have
not been able to use mathematical equations in
solving problems. They need guidance on
mathematical operations, and which factors affect
the acceleration of the oscillation of the mass-
spring system (Ambrose, 2007). When block A
moves at any time at the reference point
symbolized by x1a and Block B moves at all times
at the reference point symbolized by x,5. Then the
length of the spring at any given moment is:

Xo8 ~ Xia (1)
If the difference is the length of the spring
X5 — X14, then there is a long increase in the
spring. The addition of spring length can be
written:
X = (X25 — x14) — Xo (2)
or
Xog = Xia = X +Xg )
Where x,, is the initial length of the spring, based
on Newton's Second Law, the magnitude of

d*,

restoration force is obtained F, =m, e

Remember that FP is a restorer style, by entering
the Hooke Law equation, obtained:

d’x, _ kX
dt>  m,

(4)

The results obtained are functions x(t) that
satisfy the second-order differential equation. This
function is a mathematical representation of the
position of objects as a function of time. Most of
the students have not been able to master the
mathematical representation of the concept of a
mass-spring system.

4.5. Find the magnitude of the system oscillation
period

The results of investigating students'
understanding of the concept in determining the
period of system oscillation get a percentage of
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18.36%. Students who managed to answer
correctly on this item were nine people. These
results indicate that most students have difficulty
in determining the period of system oscillation. The
motion period (T) is the time interval required for
the particle to go through one full cycle of its
motion. The items used to find the magnitude of
the system oscillation period is presented in Figure
8.

Pay attention to the following picture!

The two blocks A and B are then pressed and then released. the system oscillates on the slippery floor.
. . .oodix
Oscillation that occurs is a simple harmonic motion applies the equation e +@'x=0, then the
™

oscillation period in the system is ...

"

iy m, +niy | M+ ‘

a) 27, |4 b) 27| —=4——2% <) J mymy ) d)
k NV ok 22 L 27

\m,+my )
k k

g

(m,+my ),

\ mgmy )

Give YOUr Feasons:..........cooovovreeonn

Figure 8. Iltem about Oscillation Period Mass-
Spring System. Source: The author

The item in Figure 8 requires students to
be able to find the system oscillation period. Based
on the results obtained in the previous problem,
obtained acceleration of object A. In the same
way, the acceleration of object B is:

2
d°x,

kx
dt? mg

()

A negative value on the recovery force
indicates the opposite direction of the force.
Equations (4) and (5) are substituted:

A%, 0%, _ KX (KX
dat>  dt? m, \m,
dZ(X-:xo) =—k(mA+mBJX
dt m,mg
2X
Since dt20 =0, then we get:

d*X k
7 +
dt m,Mg
m, +mg

Because the motion that occurs is a simple

X=0

2
. . . . X
harmonic motion, it applies FJF@ZX:O’ then

we get:

(6)

The mathematical representation of the
simple harmonic motion of the period of motion (T)
is the time interval required for a particle to go
through one full cycle of its motion. The size of the
period depends on the mass of the block and the
magnitude of the force of the bag and has no effect
on the motion parameters (Triana and Fajardo,
2012). Like, amplitude A or phase angle @. The
results showed that most students were not able
to answer correctly on this item. One example of
students who cannot solve this problem properly is
presented in Figure 9.

Figure 9. Examples of Student Answers in
determining the Mass-Spring System Oscillation
Period. Source: The author

Figure 9 is an example of an inability of
students to answer this problem well. This can be
seen in the answers students choose the answer
choice B. The reason given by the student is
because the choice B matches the harmonic
motion equation. These results indicate that most
students are not able to grasp the meaning or
meaning of a concept. While the concept is an
abstraction that represents an object or event
obtained based on one's experience. Learning
concepts is one of the main objectives of learning.

One of the goals of learning physics is to
improve the understanding of student concepts
through a quality teacher or lecturer teaching
system. Thus, an effective teacher is one who
must have a teacher who is more rooted in
knowledge about the subjects being taught, the
sharpness of teaching skills in the classroom,
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following developments in the topic (field) and in
education in general, generating and contributing
new knowledge to the profession (Adolphus et al.,
2013).

The results of the study are generally
based on four concepts: direction of the normal
force vector and the gravity, basic concepts of
simple harmonic motion, acceleration of the object
due to oscillation, and system oscillation period is
still below 50%. On the other hand, the concept of
normal force and gravity vector is above 50%.
These results indicate that most students have not
been able to understand the concept of SHM in a
complex manner. These results are consistent
with  Ambrose's research, which shows that
students have difficulty mastering basic concepts
to hamper their understanding of more complex
concepts (Ambrose, 2007). The concepts students
have can be obtained from daily experiences,
learning processes, media, and so on (Aretz,
Borowski, and Schmeling, 2016).

5. CONCLUSIONS:

Most students have not been able to
master the concept well. The students'
understanding of concepts is not good, namely,
the basic concepts of simple harmonic motion,
determine the magnitude of the acceleration of
objects due to oscillations, and find the magnitude
of the oscillation period. Based on the result, it
shows that understanding concepts isn’t as simple
as it said. Lack of understanding of student
concepts is caused by students not being able to
relate previous insights (such as Newton's law
concepts, and Hooke's Law) with strategies for
solving problems. This is shown from the results of
the average achievement below 50%. The low
understanding of student concepts is due to the
inability of students to interpret mathematical
equations, and how to operate these equations in
solving problems. The students’ concepts
understanding correlated with the students' basic
concept of the basic concepts as required
concepts, daily conception, multirepresentations
(especially mathematical representation), and the
students’ intuition. Besides, it can be caused by
the traditional learning process has not made
students understand the concept well.
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RESUMO

A beta-talassemia é um grupo heterogéneo de doencas hereditarias do sangue caracterizadas por
defeitos na sintese das cadeias 3 da hemoglobina, resultando em fendtipos variaveis que variam de anemia
grave a individuos clinicamente assintomaticos. Este estudo tem como objetivo avaliar os niveis séricos de PTH,
vitamina D, calcio, foésforo, fosfatase alcalina e magnésio nos principais pacientes com B-talassemia. Um total de
50 (30 homens e 20 mulheres) pacientes com B-talassemia maior com idades entre 11 e 16 anos e um numero
igual de adolescentes saudaveis pareados por sexo como grupo controle foram incluidos neste estudo. Um total
de 52% dos pacientes residia em area urbana e ndo houve diferenc¢a significativa entre os pacientes e o grupo
controle em relagdo a residéncia. Pacientes do sexo masculino apresentaram baixos niveis estatisticamente
significativos (P <0,05) de PTH sérico, vitamina D e niveis de célcio, mas os niveis séricos médios de fésforo e
fosfatase alcalina foram significativamente mais altos (P <0,05) quando comparados ao grupo controle masculino.
No entanto, as pacientes do sexo feminino apresentaram nivel médio de PTH sérico baixo, mas sem significancia
estatistica (P> 0,05), enquanto os niveis de vitamina D e célcio foram altamente significativos (P <0,05). Os niveis
de fosforo e ALP aumentaram significativamente (P <0,05) quando comparados aos controles femininos. Em
relacdo ao grupo principal da B-talassemia, o presente estudo mostrou que pacientes do sexo masculino
apresentaram niveis elevados nédo significativos (P> 0,05) de PTH, calcio, fésforo e ALP. Por outro lado, o nivel
de vitamina D néo foi significativamente (P> 0,05) baixo em pacientes do sexo masculino em comparag¢do com
pacientes do sexo feminino. O nivel sérico médio de PTH teve uma correlacéo negativa com fésforo, mas teve
uma associagéo positiva com vitamina D, célcio, ALP e magnésio. Em concluséo, esse estudo demonstrou que
0s principais pacientes com B-talassemia tém um perfil 6sseo metabdlico bioquimico marcadamente perturbado.
Também é recomendado o monitoramento regular do PTH e do perfil mineral bioquimico.

Palavras-chave: B-talassemia maior, PTH, marcadores 6sseos metabdlicos.

ABSTRACT

Beta-thalassemia is a heterogeneous group of hereditary blood disorders characterized by defects in the
synthesis of the - chains of hemoglobin, resulting in variable phenotypes ranging from severe anemia to clinically
asymptomatic individuals. This study aims to assess the serum PTH, vitamin D, calcium, phosphorus, alkaline
phosphatase, and magnesium levels in B-thalassemia major patients. A total of 50 (30 male and 20 female)
patients with 3- thalassemia major with ages range 11- 16 years and an equal number of sex-matched healthy
adolescents as a control group were included in this study. A total of 52% of patients were lived in an urban area,
and there was no significant difference between patients and the control group regarding residency. Male patients
showed low statistically significant (P<0.05) mean serum PTH, vitamin D, and calcium levels, but mean serum
phosphorus and alkaline phosphatase levels were significantly higher (P<0.05) as compared to the male control
group. However, female patients had low, but without statistical significant (P>0.05) mean serum PTH level,
whereas vitamin D and calcium levels were highly significant (P<0.05) reduced. The phosphorus and ALP levels
were highly significantly (P<0.05) increased as compared to female controls. Regarding B- thalassemia major
group, the current study showed male patients had non-significant (P>0.05) higher levels of PTH, calcium,
phosphorus, and ALP. In contrast, vitamin D level was non-significantly (P>0.05) low in male patients as compared
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to female patients. Mean serum level of PTH had a negative correlation with phosphorus, but it had a positive
association with vitamin D, calcium, ALP, and magnesium. In conclusion, this study demonstrated that (-
thalassemia major patients have a markedly deranged biochemical metabolic bone profile. Regular monitoring of
PTH and biochemical mineral profile is also recommended.

Keywords: B-thalassemia major, PTH, Metabolic Bone Markers.
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1. INTRODUCTION:

Beta-thalassemia is a heterogeneous group of
hereditary blood disorders characterized by defects in
the synthesis of the B- chains of hemoglobin, resulting
in variable phenotypes ranging from severe anemia to
clinically asymptomatic individuals. It has been
estimated that about 1.5% of the global population (80
to 90 million people) are carriers of 3- thalassemia, with
about 60,000 symptomatic individuals born annually,
the vast majority in the developing world (Galanello and
Origa, 2010). In Iraq, the prevalence of thalassemia
syndrome is 37.1/100.000 inhabitants, and -
thalassemia major represents 73.9% of all types of
thalassemia (Kadhim et al., 2017). B-thalassemia major
is more severe transfusion-dependent anemia result
from homozygosity or compound heterozygosity for a
mutant (- globin gene and, occasionally, from
heterozygosity for dominant mutations (Cao and
Galanello, 2010; Olivieri, 1999).

The combination of transfusion and chelation
therapy has dramatically extended the life expectancy
of B-thalassemia major patients but is complicated by
subsequent iron overload resulting in a high incidence
of endocrine complication in children, adolescents, and
young adults (Shamshirsaz et al.,2003). Endocrine and
metabolic bone disorders that are caused by repeated
blood transfusions are of higher importance in -
thalassemia major patients. They are the second
leading cause of mortality, after heart disorders, in
these individuals (Chahkandi et al., 2017).

Disturbance of calcium and phosphorus
hemostasis due to parathyroid dysfunction, as well as
metabolic bone diseases with various skeletal

complications including osteopenia, osteoporosis,
scoliosis, rickets, spinal deformities, and spontaneous
fractures, are a significant cause of morbidity and
regularly reported in transfusion-dependent -
thalassemia major patients (Saboor et al., 2017,
Salama et al., 2006). These complications are mainly
due to repeated blood transfusion results in citrate
toxicity and iron overload with deposition in parathyroid
cells and tissue fibrosis, and chronic anemia (Galanello
and Origa, 2010; Hamidi, 2016).

Bone turnover is assessed with several specific
and sensitive serological markers, and serum PTH,
calcium, phosphorous, alkaline phosphatase, vitamin
D, and magnesium are characteristically altered with
bone impairment in patients with thalassemia (Saboor
et al., 2017; Salama et al., 2006; Khaleel, 2018).

This study aimed to assess the serum levels of
PTH, vitamin D, calcium, phosphorus, alkaline
phosphatase, and magnesium in B-thalassemia major
patients.

2. MATERIALS AND METHODS:

Over six months, from 1st of December 2018 to
the 315t of May 2019, a total 50 (30 male and 20 female)
patients with B- thalassemia major with ages range
between 11 to 16 years attended Misan Thalassemia
Center along with 50 age and sex-matched healthy
adolescents as control group were included in this case
control study. Informed consent was obtained from
parents or guardians of patients, and the Ethical
Committee approved this study protocol at the College
of Medicine, Misan University, Irag. The diagnosis of 8-
thalassemia major was based on clinical history and
examination in addition to the usual hematological data
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(complete blood count, and Hb electrophoresis). The
cases and control individuals were investigated for
serum PTH, vitamin D, calcium, phosphorus, alkaline
phosphatase, and magnesium levels. The assay
principle for PTH based on  competitive
radioimmunoassay (RIA) (Cavalier et al, 2015),
combines an enzyme immunoassay sandwich method
with a final fluorescent detection Enzyme Linked
Fluorescent Assay (ELFA) was used for serum vitamin
D measurement (Holick, 2007), serum calcium was
determined by colorimetric method using methylmol
blue indicator (Finley and Tietz, 1996), serum
phosphorus level was determined by ammonium
molybdate end point method (Drewes, 1972), ALP was
also measured by colorimetric method using p-
nitrophenylphosphate (Belfield and Goldberg,1971),
while spectrophotometric determination employing
Calmagite was used to measured serum magnesium
(Ingman and Ringbom,1966).

Statistical analyses were reports as mean
estimation £ standard error, t test, and correlation using
Statistical Package for Social Science (SPSS) version
23 for windows. Comparison of categorical data was
carried by Chi-square test. P value of <0.05 was
considered as statistically significant.

3. RESULTS AND DISCUSSION:

A total 50 patients consisted of 30 (60%) male
and 20 (40%) female B- thalassemia major patients and
50 healthy children matched for age and sex were
studied as control group were enrolled in this study, see
Table 1. In present study (52%, 26 patients) of
thalassemia major patients lived in urban areas, while
(38%, 19 patients) of control individuals were lived in
rural area, and there was no significant difference
between control and patients group regarding
residency (P value 0.31), as shown in Table 2.

Regarding biochemical bone markers, data
analysis showed that male patients have a highly
significant (p<0.05) low serum PTH (35.01+5.19
pg/ml), vitamin D (12.22+0.67 ng/ml), and calcium
(7.90+0.19 mg/dL) levels in comparison to male control
subjects (74.76+7.30 pg/ml, 54.30£4.69 ng/ml, and
9.84+0.23 mg/dL respectively), but serum phosphorous
(4.97+0.32 mg/dL) and ALP (212.20+£19.40 U/L) were
highly statistically significant (p<0.05) increased in male
patients compared with male control (1.96+0.14 mg/dL
and 83.62+7.11U/L respectively), also serum
magnesium (2.18+0.38 mg/dL) was increased but
without statistical significant (P value=0.386) in male
patients compared with control (1.83+0.09 mg/dL), see
Table 3.

In comparison female patients with female
control results revealed that serum PTH level
(31.39+5.69 pg/ml) decreased without statistical
significant (P value=0.549), but vitamin D (12.70+0.84
ng/ml) and calcium (7.55+£0.23 mg/dL) levels were
highly significant (p<0.05) decreased in patients
compared with control females (40.38+4.66 ng/ml and
9.59+0.24 mg/dL). Phosphorus (4.61+0.52 mg/dL),

ALP (210.30+£33.54U/L), and magnesium (2.04+0.36
mg/dL) levels were measured higher. Still, only
phosphorus level and ALP were highly significant (P
<0.05) in female patients in comparison to the female
control group (2.75+0.21mg/dL, 91.36+4.55 U/L, and
1.76+0.12 mg/Dl respectively), as shown in Table 3.

Table 4, demonstrated that the serum levels of
bone metabolic biochemical markers in male pB-
thalassemia major patients group including PTH
(35.01£5.19 pg/ml), calcium (7.90+£0.19 mg/dL),
phosphorus (4.97+0.32mg/dL), ALP (212.20+£19.40
U/L), and magnesium (2.18+0.38 mg/dL) were
measured higher than in female patients(31.39+5.69
pg/ml,  7.55+0.23 mg/dL, 4.61+0.52 mg/dL,
210.30+33.54 U/L, and 2.04+0.36 mg/dL respectively),
but without significant difference, while vitamin D levels
in male (12.22+0.67 ng/ml) was lower without statistical
significant difference than that in female patients
(12.70£0.84 ng/ml).

The results showed that the level of PTH had a
negative correlation with phosphorus (-0.137), while it
had a positive correlation with vitamin D (0.205),
calcium (0.111), ALP (0.097) and magnesium (0.091).
Vitamin D had an inverse correlation with phosphorus
(-0.147) but is positively correlated with ALP (0.060),
and magnesium (0.238), and significantly positive
(P<0.05) with calcium (0.287). While calcium in our
study results reported a negative correlation with ALP
(-0.091) and a highly significant negative correlation
with phosphorus (-0.583), but it had a highly significant
positive (P <0.01) with magnesium (0.430). The level of
phosphorus had an inverse correlation with magnesium
level (-0.028), but it had a positive correlation with ALP
(0.019) in our patient's results. Lastly, the level of serum
ALP in our study showed a positive correlation with the
level of serum magnesium (0.073) (Table 5).

In this study, 52% of B- thalassemia major
patients lived in an urban area, and there was no
significant difference between patients and the control
group regarding residency. In agreement with our
findings, Al-Ali and Faraj (2016) observed the incidence
of B-thalassemia was significantly unchanged between
the urban and rural populations, and so a study
designed by Qurat-ul-Ain et al.,(2011) found the
incidence of B-thalassemia was significantly higher in
urban population than rural. In contrast, Tun¢ et
al.,(2002) noticed the low frequency of B-thalassemia in
the city center than in neighboring areas. The findings
might be due to the same rate of consanguineous
marriages among our population wherever they live,
lack of effective prevention programs and poor
legislation in our governorate.

Analysis of study results demonstrated that
male patients in B-thalassemia major group have low
statistically significant mean serum PTH, vitamin D, and
calcium levels, but mean serum phosphorus and
alkaline phosphatase levels significantly higher as
compared to the male control group. However, in
comparison to female B-thalassemia major patients
with female control individuals, we observed low but
without statistically significant (P<0.05) serum PTH
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level. In contrast, vitamin D and calcium levels were
highly significantly reduced, but phosphorus and ALP
levels were highly significantly increased. Regarding B-
thalassemia major group, the current study show male
patients have non-significant higher levels of PTH,
calcium, phosphorus, and ALP. In contrast, vitamin D
level was non-significantly low in male patients as
compared to female patients.

In agreement with our results, De Sanctis et al.,
(1992) and Aleem et al. (2000) observed low PTH
among B- thalassemia major patients. Low, PTH level
among our patients is mainly due to the involvement of
the parathyroid gland by iron overload, as well as its
oxidative damage. Gutteridge and Halliwell (1998) and
Goyal et al., (2010) mentioned that parathyroid gland
involvement by iron overload occurs particularly after
ten years of age in B-thalassemia major patients, and a
number of possible mechanisms have been described
to be responsible for the damage of parathyroid glands
through iron overload, which includes free radical
formation and lipid peroxidation resulting in
mitochondrial, lysosomal and sarcolemmal membrane
damage. Also, Aleem et al., (2000) found that
parathyroid gland dysfunction in B-thalassemia major
with iron overload is due to chelation therapy.

Parathyroid hormone is essential in calcium
and phosphorus hemostasis and also plays a role in the
conversion of vitamin D to its active form (1, 25
dihydroxycholecalciferol) in the kidney. A decrease in
extracellular calcium concentrations or an increase in
phosphorus concentrations leads to a PTH release
from the parathyroid gland, which in turn increases
renal reabsorption of calcium, renal activation of vitamin
D, urinary phosphorus excretion, and bone resorption.
In turn, vitamin D increases intestinal absorption and
renal reabsorption of calcium and phosphorus (Penido
and Alon, 2012; Kliegman, 2020). Documented
abnormalities in PTH and biochemical metabolic bone
markers values have been observed among f-
thalassemia major (Hamidi, 2016; Dejkhamron et al.,
2018).

In agreement with our findings, Shetty and
Shenoy, (2014), in their case-control study, found a
significant decrease in serum PTH, and calcium, but
significant increase in serum phosphorus and ALP in (3-
thalassemia major patients when compared to control.
However, Goyal et al., (2010) noticed serum PTH and
serum calcium significantly reduced in B-thalassemia
major patients that are similar to our results. Still, their
serum ALP and phosphorus were not significantly
altered when compared to the respective mean values
for the control group. Also, Anju and Jain (2017) found
serum calcium level was statistically significantly low,
whereas serum phosphorus had no significant
difference as compared 3-thalassemia major patients to
the control group. In contrast to our findings, Agrawal et
al. (2016) observed that mean serum PTH was
significantly higher and so calcium level but without
significant difference, while phosphorus level was non-
significantly lower in thalassemia patients compared to
control. However, vitamin D value in their study is in
agreement with our results was significantly lower in

patients compared to the control group. Still, there was
no significant correlation found between vitamin D level
and sex. In contrast, in our study, we found a
significantly reduced level of vitamin D in male and
female patients group compared to male and female
control groups. However, in another study by Aggarwal
et al., (2018) found significant low vitamin D levels,
despite serum PTH levels were not significantly
different between cases and controls, while the serum
level of calcium was found in the normal range in both
groups, although the phosphorus and ALP levels were
found to be significantly high in cases in comparison to
controls.

The lower serum levels of vitamin D among B-
thalassemia major patients can be due to decreased
serum PTH level in our patients as a result of
parathyroid gland involvement by iron overload.
(Penido and Alon, 2012) documented PTH is one of the
strongest stimulators of 1, 25 (OH) 2 D3 production by
increasing proximal tubular expression of 25(OH) D 1a-
hydroxylase, resulting in increased production of 1,
25(0OH)2 Ds. Moreover, Soliman et al., (2013)
mentioned that both defective synthesis of 25 (OH)
vitamin D and/ or hypoparathyroidism had been
described in B- thalassemia major patients.

Our results were consistent with that of
(Khaleel et al., 2018; Ridha et al., 2018) when they
observed serum magnesium level was significantly
higher in patients than normal control. At variance with
our findings, Arcasoy and Cavdar (1975) and Fahmy et
al., (2019) observed a normal serum magnesium level
in B- thalassemia patients, while Al-Samarrai et al.,
(2008) and Nafady et al., (2018) in their study showed
that serum magnesium level was significantly lower in
patients than the healthy control group. Hyman et
al.,(1980) had been speculated that hypomagnesemia
could be due to chelation by citrate in chronically
transfused patients, or could just be a consequence of
the cellular iron overload, but, Genc et al., (2016)
observed that level of magnesium had no significant
difference between controls and patients with -
thalassemia major regardless type of chelating
therapies. The finding of serum magnesium in our
thalassemia patients may result from diet, chelation
therapies, bone involvement (as 50% of total body
magnesium resides in the bone), an increased rate of
hemolysis among our patients (as magnesium is one of
the major intracellular ions). In our study PTH had no
significant correlation with calcium and phosphorous;
that’s similar to El-Deen et al., (2014) observation.

In agreement with our results (Ridha et al.,
2018) noticed vitamin D had a significant correlation
with calcium and ALP, while no significant association
between PTH with the vitamin D, calcium, phosphorus,
ALP, and magnesium.

4. CONCLUSIONS:

There was no significant difference between
control and pB-thalassemia major patients groups
regarding residency. [B-thalassemia major patients
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have markedly deranged biochemical metabolic bone
markers. Male [-thalassemia major patients have
highly significant decreased levels of serum PTH,
vitamin D, and calcium. While serum phosphorous and
ALP was a highly statistically significant increase in
male patients compared with control. Female patients
have highly significant decreased serum vitamin D and
calcium levels, but phosphorus and ALP levels were
highly significant in comparison to control. Regular
monitoring of PTH and biochemical mineral profiles, as
well as nutritional support and calcium/vitamin D
supplementation, are highly recommended for these
patients.
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Table 1. Number and percentage of control and 3-thalassemia major patients according to gender

Gender Control No. (%) Patient No. (%) Total No. (%)
Male 30 (60) 30 (60) 60 (60)

Female 20 (40) 20 (40) 40 (40)
Total 50 (100) 50 (100) 100 (100)

Table 2. Comparison between control and - thalassemia major patients regarding residency

Residency Control No. (%) | Patients No. (%) Total X? P. value
Urban 31(62) 26 (52) 57 1.02 0.31
Rural 19 (38) 24(48) 43
Total 50 (100) 50 (100) 100

Table 3. Comparison of biochemical bone markers in control and B - thalassemia patients regarding

gender
Variables Gender | Control Group | Patients Group | P Value | T test
Male 74.76x7.30 35.01+5.19 0.000 4.434
PTH (pg/ml)
Female 36.64+6.57 31.39+5.69 0.549 0.604
_ , Male 54.30+4.69 12.22+0.67 0.000 8.867
Vitamin D (ng/ml)
Female 40.38+4.66 12.70+0.84 0.000 5.842
_ Male 9.84+0.23 7.90+£0.19 0.000 6.408
Calcium (mg/dL)
Female 9.59+0.24 7.55+0.23 0.000 6.085
Male 1.96+0.14 4.97+0.32 0.000 8.730
Phosphorus (mg/dL)
Female 2.75+0.21 4.61+0.52 0.002 3.300
Male 83.62+7.11 212.20+19.40 0.000 6.223
ALP (U/L)
Female 91.36+4.55 210.30+33.54 0.001 3.515
_ Male 1.83+0.09 2.18+0.38 0.386 0.874
Magnesium (mg/dL)
Female 1.76+0.12 2.04+0.36 0.486 0.704

Value represented mean + SE.
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Table 4. Biochemical bone markers according to gender and age groups in 3- thalassemia patients

Variables Male (30 patients) | Female (20 patients) P Value | T test

PTH (pg/ml) 35.01+5.19 31.39+5.69 0.51 0.460
Vitamin D (ng/ml) 12.22+0.67 12.70+0.84 0.94 0.442
Calcium (mg/dL) 7.90+0.19 7.55+0.23 0.89 1.187
Phosphorus (mg/dL) 4.97+0.32 4.61+0.52 0.24 0.644
ALP (U/L) 212.20+19.40 210.30+33.54 0.34 0.052
Magnesium (mg/dL) 2.18+0.38 2.04+0.36 0.33 0.252

Value represented mean +SE.

Table 5. Correlation between serum PTH and biochemical bone markers in 3-thalassemia major

patients
Variables PTH Vitamin D Calcium Phosphorus ALP
PTH 1
Vitamin D .205 1
Calcium 111 287" 1
Phosphorus -.137 -.147 -.583"
ALP .097 .060 -.091 .019 1
Magnesium .091 .238 .430™ -.028 .073

* Correlation is significant at the 0.05 level (2-tailed), ** Correlation is significant at the 0.01 level (2-

tailed).
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RESUMO

Um experimento foi conduzido para melhorar o desempenho das sementes de nabo sob condigbes de
estresse de salinidade. O impacto da priming com uma dosagem otimizada (5 g/l) de KCI e NaCl foi avaliado
para aumentar o vigor das mudas e a tolerancia ao estresse salino em mudas de nabo. Sementes preparadas
com (5 g/l) de solugdes de KCI e NaCl foram examinadas em diferentes niveis de salinidade (0, 50, 100, 150,
200) mM de NaCl em relagao ao estagio inicial de crescimento. Os dados foram analisados no Windows SPSS
versdo 23 (ANOVA de uma via p < 0,05) para determinar a diferenga significativa entre os tratamentos e os
teste de Duncan, p < 0,05 para comparagdo das médias. Os resultados mostraram que o priming com KCI e
NaCl foi eficaz na reducdo dos efeitos adversos da salinidade. Um aumento significativo (P < 0,05) na
porcentagem de germinagao, vigor das sementes, comprimento do hipocétilo e radicula, tolerancia ao sal e
peso seco das mudas de semente que iniciaram com (5 g/l) de KCI e NaCl em comparagdo com as sementes
nao preparadas foi gravado. Por outro lado, neste experimento, concluiu-se que se descobriu que o priming de
sementes com KCl e NaCl era um melhor tratamento, especialmente na alta concentracdo de sais em
comparagdo com as sementes nao preparadas em caso de nabo para aumentar o vigor das sementes. e
crescimento de plantulas sob condi¢des estressantes ao sal.

Palavras-chave: germinacéo, plantulas, nabo, preparacio de sementes, sal.
ABSTRACT

An experiment was conducted to enhance the turnip seed performance under salinity stress conditions. The
impact of priming with an optimized dosage (5 g/lI) of KCIl and NaCl had been evaluated for enhancing seedling
vigor and salt stress tolerance in seedlings of the turnip. Seeds prepared with (5 g/l) of KCI and NaCl solutions
were examined at different salinity levels (0, 50, 100, 150, 200)mM of NaCl concerning the early growth stage.
The data were analyzed using SPSS windows version 23 (one way ANOVA p < 0.05) to determine the
significant difference between treatments and followed Duncan test, p < 0.05 for means comparison. The results
have shown that priming with KCI and NaCl were effective in reducing the adverse effects of salinity. A
significant (P < 0.05) increase in germination percentage, seed vigor, hypocotyl and radicle length, salt
tolerance, and dry weight of the seedlings of seed that priming with (5 g/l) of KCI and NaCl compared to non-
primed seeds was recorded. On the other hand, In this experiment, it was concluded that seed priming with KCI
and NaCl had been discovered to be better treatment, especially in the high concentration of salts as compared
to non-primed seeds in case of turnip for rising the seeds vigor and seedling growth under salt-stressed
conditions.

Keywords: germination, seedling, turnip, seed priming, salt.

ruadlall
2223 (NaCl) 5 (KCI) e (S px 5) divna de yns ppemnill il i o5 A slall slea) iyl cans clll 5y ool Cpuanil 4 ja3 <y
psdsall 2 y5lS 5o sauli gl 3568 Jolaa o (U / an 5) slaas 3 pasall )l Gasd a3 clll @3S 8 sl slgay) Jesdy DLl 58

Perioédico Tché Quimica. ISSN 2179-0302. (2020); vol.17 (n°35)
Downloaded from www.periodico.tchequimica.com
73



S0 a8l ULl B o5 Seall el Als yas 3la Lesb ot guall 35S G Y 34 L (200 <150 <100 <50 <) dilida o sle il ginse
el G g sinall 35l 2023 (p<0.05 ded ANOVA 2l 5 olaily il Jlas) 23 jlaay) (SPSS) delaia¥l o slall 4las) 4o sl
o Tk IS a2 gl 35515 g m gan gl) 30 IS AR Sae Y (o ) il Al p < 0,05 e caneial saal) 53 i sl aidll g
Gl G5l s bl Jastiy ool Jshay Gasedl Jshay 52l 5585 byl A (& (P < 0.05) & sine 5305 donenii o3 A slall Aol ol 8l Julss
ol o) EUEAYT o8 Al o34 ¢ oAl Al pn . Aldadl e 5l e NaCl 5 KOl ¢ (il / an 5) = Letldas o8 153 bzl
call) a3 Abad) e 5l e Al S0 Al 81 ) 3 Aala il Juadl 4l e 43LES) 25 5 NaCl 5 KCI pliids sl dlac |

PPENNICPES R PR RGN UL LR EFVERPRSPCN B 3 WPV

_cld\ ¢ )}'A..ﬂ\ mand ¢ caalll ¢ Bl « <yl ;R.PISA.A\ Cilalsly

1. INTRODUCTION:

Turnip (Brassica rapa ) belongs to family
Cruciferae, and It is one of the most important
dicotyledonous, cross-pollinated, and cool-
season vegetable crops grown both for its
enlarged roots and for the foliage (Pink, 1993).
Brassica species are distinguished by their
immense intraspecific diversity, exemplified by
leafy plants, oilseeds, and crops with extended
inflorescences and above-ground storage organs
(Liu et al.,, 2019). Soil saltiness is one of the
abiotic adversely influence on seed germination,
seedling establishment, and efficiency of
numerous harvests by creating an osmotic
potential outside the seed inhibiting the
absorption of water, or by the toxic effect
(Mustafa et al., 2017; Bose et al., 2017). Osmotic
and saline stresses are in charge of the inhibition
and declines of seed germination and plant
development (Yohannes and Abraha, 2013).

The water absorption decreases during
the imbibition stage, and salinity leads to
excessive absorption of toxic ions by the seed
(Abraha and Yohannes, 2013; Murillo-Amador et
al., 2002). From the beginning of agriculture, the
man established contact with seed physiology
and realized that many seeds do not germinate
easily and uniformly. The capacity of seemingly
(dead seed) to regenerate and grow a viable
young and healthy seedling after germination had
been fascinated by the ancient civilization,
therefore, the scientists for decades trying to
figure out several methods of seed priming in
order to activate seeds and alleviate
environmental stresses and common technique
its water-based priming techniques, which is a
pre-sowing treatment that partially hydrates
seeds without allowing emergence (Evenari,
1984; Chen and Arora, 2011).

Seed priming is a pre-germination seed
treatment that leads to a physiological state that
enables the seed to germinate more efficiently
mean seeds are held at water potential that
permits imbibition but prevents radicle extensions
(Ashraf and Foolad, 2005; Gupta et al., 2008;

Lutts et al., 2016). Seed priming enhances seed
performance by rapid and uniform germination,
healthy and vigor seedlings, which resulted in
faster and better germination and development in
various harvests, this also helps seedlings to
grow in stressed conditions (Mohammadi, 2009;
Safdar et al., 2019). Priming-induced increase in
germination may be associated with a change in
plant hormone biosynthesis and signaling.
Priming has been reported to increase the
gibberellins (GA)/abscisic acid (ABA) ratio, and
this may be a direct consequence of a priming
impact in gene expression pattern (El-Araby et
al., 2006; Schwember and Bradford, 2010).
Several variables influence the priming
performance and are highly on handled plant
species and the priming technique selected.
Physical and chemical factors such as osmotic
and water capacity, priming agent, length,
temperature, presence or absence of light,
aeration and seed condition also affect the
priming performance and decide the time and
rate of germination, seedling vigor, and further
plant growth (Hussain et al., 2006; Varier, 2010).

Osmopriming means soaking seeds with
low water content in an osmotic solution, rather
than pure water. Because of the low water
capacity of osmotic solutions, water enters seed
gradually, which allows gradual impregnation of
seed and activation of early germination phases
but prevents radicular protrusion (Girolamo and
Barbanti, 2012).

However, values of water potential,
together with the duration of the priming
treatment, should always be adjusted to species,
cultivar, and sometimes seed Ilot. Different
compounds are used in osmopriming procedures,
including polyethylene glycol (PEG), mannitol,
sorbitol, glycerol, and inorganic salts such as
NaCI, KC|, KNO3, K3PO4, KH2PO4, MgSO4, and
CaCl,. Priming with salt solutions is often referred
to as “halopriming” (Yacoubi et al., 2013).

Seed priming with various salts, especially
KCI and NaCl, has appeared to improve the
germination and development of numerous
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harvests under stressed conditions (Naz et al.,
2014). The present study was carried out to
investigate the impact of KCI and NaCl priming
on germinations of seeds and seedling growth of
turnip (Brassica rapa rapa) under salinity
conditions.

2. MATERIALS AND METHODS:
2.1. Experiment site

In order to determine the effects of
different salinity levels and Osmo priming on
germination and seedling growth, the experiment
was carried out in botany Laboratory, Department
of Biology, University of Misan. The laboratory
was approximately at 21°C, and the experiment
was carried out inside safety cabins, the
materials were used seeds, deionized distilled
water, 5 g/l iter of NaCl and KCI, (50,100,150,
200mM) of NaCl, 70% ethanol, 5% NaHCI, the
equipment was used Petri dishes, filter paper,
and parafilm.

2.2. Seed sterilization and soaking

Healthy turnip seeds were surface
sterilized with 70% ethanol for 30 seconds and
then with 5% sodium hypochlorite (NaxHCI)
solution for 20 min and then thoroughly washed
three times with sterilized distiled water
(sterilized by using autoclave). Subsequently, the
seeds were soaking with 5 g/l KCI and NaCl
solution separately for 24 hours at 21°C. After
priming. The seeds were washed with sterilized
distilled water after priming and dried at room
temperature on filter paper for 24 h to their
original moisture level, utilizing sensor balance

before being used in germination tests.
(Yohannes and Abraha, 2013).
2.3. Experimental design

The study was carried out in

November/2019. A complete random design
(CRD) used to study the effect of seed priming on
germination and seedling growth of turnip under
salt stress. This part of the experiment was
carried out in the laboratory in 45 Petri dishes,
that is, 15 for KCI, 15 for NaCl primed seeds, and
15 for unprimed (control) seeds and repeated
thrice. Primed and unprimed seeds were placed
in 9 cm diameter Petri dishes on two layers of
filter papers (Whatman No. 1). 15" seeds were
placed in each Petri dishes were containing 5 ml
of five different saline solutions (0, 50, 100, 150,
200 mM of NaCl). The Petri dishes were closed
with par-film to prevent evaporation and kept in

the growth chamber at 21 + 2°C. The experiment
was conducted in a completely randomized
design with six replications and 15" seeds per
replicate. Seed germination was recorded daily
up to day ten after the start of the experiment.
When the radicle emerges by around 2 mm in
length, a seed was considered germinated
(Mohammed and Nulit, 2019?%). The length of the
hypocotyl and radicle of seedling were measured
by selecting three seedlings randomly from each
Petri dish, the seedlings were dried at 60°C for 48
h and then weighed (Li, 2008; Oliveira et al.,
2019). Germination percentage (GP %) was
calculated according to Equation 1 by (Kandil et
al., 2012).

Number of germinated seeds
%= X .
GP% Total number of seeds sown 100 (Eq 1 )
Seed vigor was calculated according to

(Gebremedhn and Berhanu, 2013) Equation 2,
which is:

(L1 + L2)xgermination percentage
100

Seed vigor= (Eq. 2)

whereas: L1= length of hypocotyls
L2= length of radical

2.4. Statistical analysis

Statistical analysis was performed using
SPSS window version 23. One-way confidence-
level variance analysis (ANOVA) (Naz, 2014),
p < 0.05 was performed to find the significance
deference among treatments followed by
Duncan’s multiple range test (DMRT) at p < 0.05
for mean comparison.

3. RESULTS AND DISCUSSION:
3.1. Germination percentage (GP %)

Figure 1 shows the impact of NaCl and
KCI priming on turnip (GP %) at different
saltiness concentrations, respectively, in 10 days.
From both primed and unprimed seeds
diminished significantly (P < 0.5) with increasing
NaCl salinity level. However, this reduction in (GP
%) was lower for primed seeds compared to
unprimed seeds. Salinity reduced germination
percentage for more than half due to an increase
in salinity level from 0 mM to 200 mM. A similar
decrease in germination percentage has been
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recorded with rising salt levels in turnip
(Mohammed and Nulit, 2019a; Mohammed and
Nulit, 2019b). Seed generally, increasing salinity
causes a decrease in turnip germination; this
might be due to the toxic effects of Na* and CI-in
the process of germination (Tobe et al., 2004;
Osman, 2018). It changes the imbibitions of water
by seeds due to decline osmotic capacity of
germination media (lbrahim et al., 2019), it
causes toxicity which changes the activity of
certain enzymes of DNA metabolism, changes
the metabolism of protein, breaks down the
hormonal balance, and reduce the usage of seed
reserve food (Ashraf and McNeilly, 2004; Ashraf
et al., 2010). Primed seeds of turnip might have
better competency for water absorption from the
growing media that enabled metabolic activities in
seeds during the germination process of a start

much earlier than radical and hypocotyl
appearance (Elouaer and Hannachi, 2012;
Zaghdani, 2002).

Similarly, increased solubility of seed

storage proteins such as the beta subunit of the
globulin and enhanced antioxidative reduction in
lipid peroxidation and activity in primed seeds
facilitated germination (Patade et al.,, 2009;
Kazemi and Eskandari, 2012). According to
Soeda et al. (2005), the faster germination was
due to the synthesis of protein, DNA, and RNA
during seeds priming. A high positive correlation
between seed germination and the amount of
total soluble protein, Tania et al. (2019), reported
the increased germination ability and total protein
in areas with low pollution levels of anthropogenic
pressure in Betula pendula plant.

3.2. Turnip seedlings length

Shoot and root lengths are the essential
factors in the plant for salt stress because roots
absorb water due to direct contact with soil, and
then shoots enable its supply in the whole plant.
For this reason, shoot and root lengths provide
important indications of a plant's response to salt
stress (Dinneny, 2019). Figure (2) shows an
increase in the concentration of salts caused the
reduction in the early growth of turnip seedlings.
The length of seedling (radiclet+ hypocotyl)
significantly declined with increasing salts
concentration in both primed and un-primed
seeds. However, this influence was more
distinguished in radicle (Figure 3) and hypocotyl
(Figure 4) lengths from unprimed seeds when
compared to the primed ones. A similar study
shows that the adverse impact of salinity on
Pisum sativum was overcome by the application
of potassium nutrient through seed priming with
KCl (Naz et al.,, 2014). Seedlings' growth was

affected by both osmotic and specific ionic of
salinity (Nawaz et al., 2010; Tabatabaei and
Naghibalghora, 2014). Nasim et al. (2008) and
Petropoulos et al. (2017) investigated that salinity
inhibits the absorption of essential nutrients such
as P and K, which could negatively affect
seedlings growth. In this study, seed priming
significantly improved turnip seedling growth at
different salinity levels. The improvement in
radicle and hypocotyl length in the primed seeds
may be attributed to earlier germination induced
by priming (Farooq et al., 2005). During the
period of priming, the embryo expands and
compresses the endosperm, the compaction
force of the embryo and the water activity on the
walls of endosperm cell may alter the tissues to
be flexible when dehydrated, Produce free space
and facilitate rapid projection of root and
seedlings after rehydration (Mohammadi, 2009;
Yohannesu and Abraha, 2013).

3.3. Seed vigor

Seed vigor is the characteristics of seed
that determine the level of activity and
performance of seeds during germination and
emergence of seedling under a wide range of
field conditions. Seedlings of high-activity seeds
are expected to develop more uniformly than
seedlings of low-activity seeds (Talai and Sen-
Mandi, 2010; Egli and Rucker, 2012). Figure (5)
shows both primed with (NaCl or KCI) and
unprimed seeds diminished significantly with
increasing salinity levels. However, this reduction
in vigor was lower for primed seeds compared to
unprimed seeds. Similar past investigation on
Canola (Brassica napus L.) and tomato
(Lycopersicon esculentum Mill.) showed that
seed priming significantly improved shoot and
radicle length (Nawaz et al., 2010).

3.4. Dry Biomass of turnip

Salinity treatments were applied on turnip
showed a significant reduction in dry seedling
biomass with the rise of stress level as compared
with control in both unprimed and primed seeds
(Figure 6). For primed seeds, dry biomass was
higher than for unprimed ones at different levels
of salinity stress. Mohammed and Nulit (2019a;
2019b) showed that salt stress decreases the
weight of turnip seedling. They suggested that
the decrease in growth of turnip seedling is due
to ionic stress and osmotic stress of salts. By
increasing salinity, the biomass of seedling
decreased, which might be attributed to a
decrease in the remobilization of the seed
reserves from cotyledons to the embryonic axis
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(Yohannes and Abraha, 2013). The factors that
affected the growth rate of the embryonic axis
also affected transfer from cotyledons to the
embryonic axis and reserve remobilization
(Sedghi et al., 2010; Naz et al.,, 2014). The
efficiency of seed priming with KCI or NaCl in
improving biomass weight under stressful
conditions was also reported in sunflower, melon
(Matias et al., 2018; Oliveira et al., 2019).

4. CONCLUSIONS:

This  investigation  provided  useful
knowledge on seed priming using a NaCl and
KCI. Turnip’s primed and unprimed seeds have
different responses to saline solutions, especially
in high concentrations. Seed priming with NaCl
and KCl overcame these adverse effects of
salinity. This priming significantly improved the
germination and seedling growth of these plants.
In unprimed seeds, declines in germination
percentage and seedling growth with rising
salinity levels were more apparent than in the
primed seeds. Pretreatment with NaCl and KCI
lead to a substantial improvement in the
percentage of germination seed vigor seedling
radical length, hypocotyl seedling length, and dry
seedling biomass. Therefore, this research
highlighted the benefit of applying seed priming
techniques in salty stressful environments to
reduce the adverse effects of salinity stress on
germination and early development of seedlings
under controlled conditions. However, more work
is required to assess crop production (NaCl and
KCI) on vegetative growth and yield under field
conditions.
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Figure 1. Effect of seed priming with NaCl and KCI on germination percentage of Brassica rapa rapa
under different concentrations of salt. Different letters indicate significant difference among means
(Duncan’s test, p< 0.05).
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Figure 2. Effect of seed priming with NaCl and KCI on seedling length of Brassica rapa rapa under
different concentrations of salt. Different letters indicate significant difference among means
(Duncan’s test, p < 0.05).
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RESUMO

O papel das gorduras na nutricdo é determinado pelo seu alto teor cal6rico e participagcdo na construgéo
dos tecidos do corpo, juntamente com proteinas e carboidratos. A nutricdo enriquecida é de grande importancia
no complexo de questdes que determinam sua utilidade. Assim, a quest&o do efeito dos probidticos e sorventes
na dieta do organismo animal tornou-se muito relevante. O objetivo do trabalho foi uma avaliacdo comparativa
da composicao e propriedades do tecido adiposo de carneiros, consumindo juntos e separadamente preparacdes
com efeito de sorcdo e probidtico. Os estudos foram realizados em duas etapas. Na primeira, durante o
experimento cientifico e econdémico, 80 carneiros recém-nascidos cresceram e se desenvolveram até um ano de
idade, seguidos pelo abate de trés animais de cada grupo. Na segunda etapa, as amostras de gordura interna
foram examinadas de acordo com varios indicadores. A analise sensorial revelou que todas as amostras internas
de gordura atendiam aos requisitos estabelecidos, enquanto a cor e consisténcia das amostras experimentais
melhoraram. O teor de matéria seca, incluindo gordura nas amostras experimentais de tecido adiposo, aumentou
e a umidade diminuiu. Os parémetros fisicos e técnicos da gordura interna também mudaram no aspecto
intergrupo. Na amostra controle, o nimero de iodo diminuiu e o nimero de saponificacdo, ponto de fluidez e
ponto de fusdo aumentaram. O calculo do valor energético indica que, na primeira amostra, o indicador aumentou
0,08 MJ (0,23%); Grupo Il - por 0,16 MJ (0,45%) e grupo Il - por 0,25 MJ (0,70%). De acordo com a soma de
acidos graxos monoinsaturados, o grupo jovem Il estava na lideranca. O conteddo de &cidos graxos
poliinsaturados foi 0 oposto. A eficacia biologica das gorduras é determinada pela proporgdo que foi melhor nas
amostras experimentais. Assim, a incluséo de aditivos forrageiros na dieta dos carneiros da raga Romanov ajuda
a melhorar a qualidade das matérias-primas.

Palavras-chave: composicao, gordura interna, probiético, raca Romanov, aditivo de sorcéo.
ABSTRACT

The role of fats in nutrition is determined by their high-calorie content and participation in the construction
of body tissues, together with proteins and carbohydrates. Enriched nutrition is of great importance in the complex
of issues that determine its usefulness. Thus, the question of the effect of probiotics and sorbents in the diet on
the animal organism has become very relevant. The purpose of the work was a comparative assessment of the
composition and properties of adipose tissue of rams, consuming together and separately preparations with
sorption and probiotic effect. The studies were carried out in two stages. In the first, during the scientific and
economic experiment, 80 newborn rams grew and developed up to a year of age, followed by the slaughter of
three animals from each group. In the second stage, samples of internal fat were examined according to some
indicators. Sensory analysis revealed that all internal fat samples met the established requirements, while the
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color and consistency of the experimental samples improved. The dry matter content, including fat in the
experimental samples of fat tissue, increased, and moisture decreased. The physical and technical parameters
of internal fat also changed in the intergroup aspect. In the control sample, the iodine number decreased, and the
saponification number, pour point, and melting point increased. Calculation of energy value indicates that in the
first sample, the indicator increased by 0.08 MJ (0.23%); Group Il — by 0.16 MJ (0.45%) and group Il — by 0.25
MJ (0.70%). According to the sum of monounsaturated fatty acids, young group Ill was in the lead. The content
of polyunsaturated fatty acids was the opposite. The biological effectiveness of fats is determined by the ratio that
was better in the experimental samples. Thus, the inclusion of fodder additives in the diet of the rams of the
Romanov breed helps to improve the quality of raw materials.

Keywords: composition, internal fat, probiotic, Romanov breed, sorption additive

1. INTRODUCTION:

Fats, including animal fats, are an essential
component of food. The significance of fats
consists, first of all, in their high energy value,
since the caloric content of 1 g of fat is 9 kcal,
which is more than two times exceeds the caloric
content of proteins and carbohydrates. The
biological value of animal fat lies in the presence
of vitamins A, D, E, K and polyunsaturated fatty
acids in it (Bagautdinov et al., 2018; Creemers,
Van Passel, and Vigani, 2019; Dementyev et al.,
2018; Khaziakhmetov et al., 2018a, 2018b; Kick,
Zering, and Classen, 2017; Lamanov et al., 2020;
Sharipova et al., 2017a).

The global trend indicates that the
consumption of fats and butter has quadrupled
compared with the level recorded 50 years ago.
This was due to an increase in population, an
increase in fat intake, and a change in cooking
methods (Aslanova, Derevitsckaya, and Dydikin,
2018; Igenbayev et al, 2019; Mironova,
Nigmatyanov, Radchenko, and Gizatova, 2019a;
Okuskhanova et al., 2019; Sydykova et al., 2019.

In 1950, the number of animal fats on the
market was only slightly lower than vegetable oils.
In 1970, animal fats accounted for only a quarter,
and currently — only 15% (Gauvrilova et al., 2019;
Gubaidullin, Mironova, and lIslamgulova, 2010;
Kalasov, Andrienko, Galieva, and Kasimova, 2019
Kosilov, Gazeev, and Yuldashbaev, 2016;
Mironova, Nigmatyanov, Grunina, Sepiashvili, and
Strigulina, 2019; Shkilev, Gazeev, and Nikonova,
2011).

The UN Food and Agriculture Organization
estimated the total mean energy intake from plant
and animal sources to be around 3380 kcal in
Europe and the US with the animal source energy
intake accounting for 943 kcal (27.9%). In
developing countries, a similar figure is 2,261 kcal,
and 331 kcal (14.6%) of energy is supplied through
animal feed. In countries with transition
economies, which include Russia, the total energy

supply is 2,906 kcal, and 671 kcal (23.1%) comes
from animal feed. In recent years, there has been
an accumulation of critical knowledge about the
predominance of vegetable fats in the human diet.
A study of the role of individual fatty acids in
biochemical transformations indicates that animal
fats are necessary for the normal functioning of the
body, and possible negative consequences are
reduced or even eliminated by the presence of
individual fatty acids or other biologically active
substances (Kuzmicheva, 2013; Khaziev et al.,
2018; Obolentsev, 2018; World Health
Organization, 2003; Ziyangirova, Mironova,
Gazeev, Galieva, and Galieva, 2019).

By analyzing data from the FAO report, a
specific food production concept has been
outlined. The idea is a point aimed at expanding
the use of biological resources, thereby
diversifying the nutritional composition of foods to
satisfy the physiological needs of the population
(Tagirov et al., 2018; World Health Organization,
2003).

One of the approaches to expanding the
species diversity of raw materials in the conditions
of the Southern Urals is the use of mutton. The
volume of its production in the Russian Federation
is not more than 3% of the total mass of raw meat.
Even though the Volga Federal District is the
leader in the number of sheep, the volume of
output is much less than the needs of the domestic
market. Therefore, the development of sheep
breeding will allow, firstly, to partially eliminate the
shortage of meat raw materials and secondly to
expand the range of products, including those with
new properties (Gabitov et al., 2018; P. Kornienko,
Yusupov, Eremenko, and R. Kornienko, 2008;
Ponomarenko, Grishina, and Bekturov, 2017;
Traisov, Sultanova, Yuldashbayev, and
Esengaliyev, 2014; Traisov et al., 2015).

Besides, the development of the sheep
industry allows, in addition to food products, which
include milk and meat, to supply the light industry
with raw materials, such as wool and sheepskin
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(Bogolyubova, Korotky, Zenkin, Ryzhov, and
Buryakov, 2017; Sharipova et al., 2017b; V.
Vorobyev, D. Vorobyev, Zakharkina,
Polkovnichenko, and Safonov, 2019).

Russia is famous for its more than century-
old history of breeding Romanov sheep with a
meat-and-wool direction of productivity. A
distinctive feature of this breed is its good
adaptability to sharply continental climate
conditions, unpretentiousness to feeds, fecundity,
early maturity, and polyesterity. The resulting lamb
is characterized by good taste, the absence of a
specific taste, high biological, and low energy
value (Bogolyubova et al., 2017; Chernitskiy,
Shabunin, Kuchmenko, and Safonov, 2019;
Dvalishvili and Vinogradov, 2015).

Although the animals of the Romanov
breed are unpretentious to the feeding conditions,
they can still maximize the productive potential of
the sheep with a full and balanced diet
(Okuskhanova et al., 2019; Sedykh et al., 2018). It
is recommended to enrich the diet with feed
additives of sorption action and probiotic. Then the
choice of the object of study is since fats, like
protein components of meat, play an important
role in human life, provided they are reasonably
consumed. Meat is the main source of animal fats,
which supply vitamins A and D to the body and
contribute to their absorption (Zabelina and
Lushnikov, 1999).

The optimal total norm of consumption of
animal and vegetable fats in the diet is 100-150 g
per day, while animal fats should account for 70-
75 g, vegetable fats — 30 g. For the organization of
the herodietic ration, this ratio should be at the
level of 1:1 (Andrienko, 2018; Efimova and
Antonenko, 2016).

It is known that the composition of fat is
represented by carbon, hydrogen, and oxygen,
and by the chemical structure, they are complex
substances. The fat molecule contains glycerin
and fatty acids, which are classified as saturated
and unsaturated. The group of saturated lamb fatty
acids is represented by palmitic, stearic, and
unsaturated — by oleic acids. According to their
properties, palmitic and stearic acids at 15-20 °C
retain their hardness, and oleic acid is in liquid
form. Stearic acid, which is part of lamb fat,
undergoes melting at a temperature of 69.2 °C,
and upon solidification, it crystallizes.

According to the organoleptic properties,
lamb fat should have white matte color and a
specific smell. It is important to note that the fat of

adult animals has a more saturated and dark color
than the fat of young animals.

The studies of domestic and foreign
scientists indicate that if the nutrients of the diet
are not used as a building material, then they are
transported and stored in the body in the form of a
reserve — fat. Not only lipids but also unused
nitrogenous substances and carbohydrates turn
into fat (Gadiev et al., 2019; Erochin et al., 2013;
Khabibullin et al., 2019).

Sheep are characterized by having a
certain sequence in the deposition of fat; first — on
the internal organs (kidneys, intestines, stomach),
then — at the root of the tail, on the lower back,
brisket (subcutaneous) and between the muscles
(intramuscular). Fat accumulated in animals, in
many respects, affects the taste, appearance, and
calorie content of meat (Andrienko, 2018).

The purpose of this study was to study the
physicochemical parameters, as well as the fatty-
acid balance of the internal sheep’s fat, obtained
from animals consuming various supplements.

2. MATERIALS AND METHODS:

The studies were carried out according to
the thematic plan of Bashkir State Agrarian
University No. 01860076873. To obtain fat raw
materials at the initial stage in the conditions of the
Republic of Bashkortostan, scientific and
economic experience was organized on rams of
the Romanov breed, which were divided into four
groups of 20 animals each. The number of animals
was selected, taking into account the possibility of
ensuring the reliability of the data. Groups were
formed according to the principle of analogs from
among newborn lambs. Feeding the young of the
control group consisted of giving the main diet
adopted on the farm. The diet of animals from the
experimental groups additionally included
additives that were added at the rate of 0.10 g / kg
of live weight. For the sheep of group I, a sorption
additive was used, group Il was probiotic, group IlI
used both together. The experiment lasted until
the animals reached the age of one year. To
conduct the second stage of research with the aim
of comparative studying the chemical composition
of internal fat at 12 months of age, a control
slaughter of three animals from each group was
organized according to the All-Russian Institute for
Animal Breeding method (1978).

Sensory assessment of fat was carried out
by the organoleptic method, which is based on the
perception of the senses — vision, smell, hearing,
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touch, taste. Color and consistency were analyzed
at a temperature of 15-20 °C, and the degree of
transparency was established in the molten state
of fat. To study the chemical composition of
adipose tissue, an average sample was taken, and
the All-Russian Institute for Animal Breeding
method (1978) was applied. The mass fraction of
moisture was determined according to State
Standard 9793-74, the protein was established by
the Kjeldahl total nitrogen determination method,
the iodine number was determined by the Guble
method, the melting point was determined by the
capillary method, and the energy value was
established by the Aleksandrov formula (1951);
the amount of fatty acids — on a “Crystal-2000M”
gas-liquid analytical chromatograph according to
State Standard R-51.483-99.

The animals were kept according to the
instructions and recommendations of Russian
Regulations, 1987 (Order No.755 on 08/12/1977
the USSR Ministry of Health), as well as “The
Guide for Care and Use of Laboratory Animals
(Institute of Laboratory Animal Resources,
Commission on Life Sciences, National Research
Council, National Academy Press Washington,
DC 1996)" (Institute of Laboratory Animal
Resources, 1996; The USSR Ministry of Health,
1987). In the course of the research, efforts were
made to minimize animal suffering and the least
number of samples used.

The digital material obtained in the
experiment was processed by the variation
method of statistics Microsoft Office with
determining the reliability of the difference at three
levels of probability, according to Student.

3. RESULTS AND DISCUSSIONS:

The assessment of the quality of fat by
organoleptic indicators showed that regardless of
the type of additive used, all samples of internal fat
met the established requirements (Table 1).

At the same time, some intergroup
differences in the consistency of the samples are
noted. In particular, the best consistency of fat is
noted in the sample obtained from animals of
groups | and Il, which is characterized as dense.
The introduction of feed additives into the diet
positively affected the color of the product. The fat
of the experimental samples was characterized by
white color, without a clear yellowish tint, which
meets the requirements of normative and

technical documentation.
constituent

Because its components

determine the quality of fat, a chemical analysis
was carried out (Figure 1).

It was found that the highest solids content
was observed in experimental samples of adipose
tissue. So, the advantage of the rams of the first
experimental group over the young ones of the
control group was 0.30%; group Il — 0.47%; group
111 0.72%. A similar distribution between groups is
also noted in the content of chemically pure fat. It
is enough to note that the difference in favor of the
experimental young rams of the [, I, and Ill groups
was 0.20%; 0.39% and 0.60%. In all cases, in the
lead were the rams consuming the tested additives
together.

By a mass fraction of moisture, the
intergroup difference was the opposite. In animals
of the control group, the studied indicator
increased by 0.23%; 0.47 and 0.69%,
respectively. For a more accurate analysis of the
influence of the feed additive on the qualitative
characteristics of the fat of rams, physicochemical
studies of internal fat were carried out (Table 2).

The previously established differences in
the chemical composition of adipose tissue of
different localization affected the energy value. In
experimental samples of fat (I, Il, 1ll), compared
with the baseline, the energy value of 1 kg fat
increased by 0.08 MJ (0.23%), 0.16 MJ (0.45%),
and 0.25 MJ (0.70%), respectively.

Saponification number is an indicator for
determining the authenticity of fatty oils. Fats
containing mainly triglycerides are analyzed by the
average molecular weight of the fatty acids
included in them. Moreover, fats rich in saturated
acids have a high melting point, while unsaturated
fats have a low melting point.

The introduction of test additives in the diet
of animals contributed to the improvement of
technological parameters of internal fat.

The results of the study indicate that the
introduction of additives into the diet did not
adversely affect the pour point of the internal fat of
ram carcasses of all the samples studied. The
intergroup differences in the value of the melting
temperature and the Guble number were
insignificant within the physiological norms.

In assessing the quality of fat, significant
importance is given to the qualitative composition
of fatty acids. In this regard, the fat-acid gas-
chromatographic analysis of the triglycerides that
make up the internal (omentum + perinephric)
adipose tissue of sheep fat was carried out. The

Periédico Tché Quimica. ISSN 2179-0302. (2020); vol.17 (n°35)
Downloaded from www.periodico.tchequimica.com

86



analysis of these studies indicates an increase in
the content of many saturated fatty acids in the
experimental samples compared with the control
(Table. 3). The superiority of young rams from I-1I
groups in the content of capric fatty acid over
peers of the control group was 0.01-0.02%,
myristic — 0.03-0.07%, palmitic — 0.06-0.08%,
stearic — 0.05-0.06%. Among monounsaturated
fatty acids, oleic predominates. The value of the
studied indicator in young animals of the first
experimental group was higher than in control by
0.04%, 11 — by 0.2%, Il — by 0.21%.

The indicators of polyunsaturated arachinic
and arachidonic fatty acids did not change and
were in the range of 0.25-0.26% and 0.27%,
respectively. The indices of linoleic fatty acid in
rams of the first experimental group decreased by
0.06% compared to the control group, of the
second experimental group — by 0.1%, the third
experimental group — 0.03%; linolenic — by 0.05%;
0.03% and 0.03%, respectively. When analyzing
the total mass fractions of the fatty acid content,
certain intergroup differences are noted (Table 4).

According to the amount of
monounsaturated fatty acids, young rams from
group Ill were in the lead. Its superiority over
control peers in terms of the studied indicator was
0.37%, over analogs of the first group — 0.09%, Il
— 0.33%. The content of polyunsaturated fatty
acids was the opposite. It is enough to note that in
young animals, this indicator was higher than in
experienced peers of the |, Il, and Il groups — by
0.1%, 0.12%, and 0.06%, respectively.

It should be noted that the amount of
saturated fatty acids was higher in animals
consuming test supplements. So, they have this
indicator increased by 0.14%, 0.16%, and 0.21%,
compared with the control peers.

A comparative analysis of the ratio
characterizing the biological effects of fats
indicates a similar dynamics in young animals of
all experimental groups. Thus, the introduction of
sorption and probiotic additives into the diet of
rams did not have a significant effect on the
biological effectiveness of fats. However, there
was a slight positive tendency in the experimental
samples.

The search for measures to provide the
population with full-fledged food products, due to
the species diversity of raw materials, is a strategic
task of the agricultural sector (Andreeva et al.,
2018; Andrienko, 2018; Filippova et al., 2017;
Gadiev et al., 2019; Gubaidullin, Kanareykina, and

Timerbulatova, 2014; Khabibullin et al., 2019;
Khaziahmetov et al., 2018; Kosilov, Nikonova,
Wilver, and Kubatbekov, 2016; Zabelina and
Lushnikov, 1999). It is proposed to intensify the
sheep breeding industry by improving the feeding
system of Romanov rams with subsequent
analysis of the quality of the obtained raw
materials. The organoleptic assessment revealed
intergroup differences in the consistency of
samples with the best characteristics,
characterized by density, in samples | and Il. In
this case, the fat of the test samples was white,
without a clear yellowish tint.

The chemical analysis of internal mutton
fat revealed a decrease in the proportion of
moisture (by 0.23-0.69%), an increase in the share
of solids (by 0.30-0.72%), fat (by 0.20-0.60%) and
therefore, the energy value of 1 kg of fat (0.08-0.25
MJ (0.23-0.70%) in experimental samples of
adipose tissue.

The physical-technical properties of the fat
of all the studied samples when sorption and
probiotic additives were added to the diet of rams
did not have a negative effect. At the same time,
specific differences between the groups in
connection with the use of different fodder
backgrounds were insignificant and did not go
beyond the normative.

The study of the qualitative composition of
fatty acids revealed an increase in the proportion
of some saturated fatty acids (capric, myristic,
palmitic, stearic) in the experimental samples,
compared with the control. Among
monounsaturated fatty acids, oleic predominates.
Indicators of polyunsaturated fatty acids of
arachinic and arachidonic did not change, but the
content of linoleic and linolenic fatty acids in the
rams of the experimental groups decreased.

The comparative analysis of the ratio
characterizing the biological effectiveness of fats
indicates its improvement in animals consuming
test supplements.

4. CONCLUSIONS:

Thus, the chemical composition and
physical properties of the internal raw fat tended to
change in the intergroup aspect. At the same time,
its energy saturation increased due to the
accumulation of chemically pure fat, and the
biological value decreased due to a decrease in
the total amount of polyunsaturated fatty acids.
However, the changes occurring in the adipose
tissue of young sheep were within the
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physiological norm and corresponded to breed
characteristics. The data obtained indicate that
only a differentiated approach to the quality of raw
materials, taking into account a balanced feed
background of sheep, makes it possible to choose
the most optimal variant of its rational use.
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Table 1. Organoleptic indicators of internal fat of rams

Group Indicator
Color Smell and taste Transparency Consistency
White with a Characteristic for this species, .
Control o ) Transparent Solid
yellowish tint recessed from fresh raw materials
I White matte Characteristic for this Species, Transparent Dense
recessed from fresh raw materials
Il White matte Characteristic for this Species, Transparent Dense
recessed from fresh raw materials
1l White matte Characteristic for this SPeCIes, Transparent Solid
recessed from fresh raw materials
Table 2. Properties of internal fat of rams
] Group
Indicator
control I I Il
lodine number, g/% 30.59+0.14 30.65+0.21 30.72+0.04 30.78+0.23
Saponification number, mg/% 190.3#0.20 | 189.0+0.14 | 191.2+0.14 191.91+0.11
Pour point, °C 37.140.17 36.8 +0.13 36.8 +0.15 36.2 +0.20
Melting point, °C 42.3610.16 42.31+0.23 42.23+0.17 42.14+0.22
Energy value of 1 kg of fat, MJ 3550 35.58 35.66 35.75

Table 3. Results of fatty acid analysis of samples of internal adipose tissue, %

Protein component

Group

control |

Monounsaturated fatty acids

Palmitoleic Ci¢:1 1.36+0.025 1.39+0.049 1.43+0.044 1.44+0.015*
Heptadecene Ci71 0.62+0.021 0.64+0.044 0.69+0.025* 0.70+0.025*
Oleic Cis:1 33.26+0.222 33.30+0.199 33.46+0.156 33.47+0.057
Polyunsaturated fatty acids
Linoleic Cis:» 4.86+0.076 4.80+0.135 4.76+0.067 4.83+0.122
Linolenic Cig:3 1.06+0.037 1.01+0.022 1.03+0.111 1.03+0.016
Arachinic Cx.0 0.25+0.007 0.26+0.007 0.26+0.015 0.25+0.007
Arachidonic Cz.4 0.27+0.004 0.27+0.007 0.27+0.007 0.27+0.004
Saturated fatty acids
Capric Cio0 0.20+0.015 0.22+0.011 0.21+0.011 0.22+0.011
Lauric C120 0.33+0.011 0.31+0.023 0.32+0.011 0.32+0.019
Myristine C14.0 7.25+0.022 7.28+0.018 7.31+0.014* 7.3240.023*
Palmitic Ci6.0 24.74+0.054 24.81+0.047 24.80+0.043 24.82+0.082
Stearic Cis:0 22.19+0.074 22.24+0.067 22.25+0.074 22.25+0.049
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Table 4. Fatty acid composition of internal adipose tissue, % of the total content

Indicator Group
control | 1] 1"
Amount of monounsaturated fatty | 55 54,0 515 | 3533£0.153 | 35.57+0.170 | 35610078
acids (MUFA)
Amount of polyunsaturated fatty 6.44+0.102 | 6.34+0.157 | 6.32+0.064 | 6.38+0.135
acids (PUFA), including
Linoleic Cis:2 4.86+0.076 4.80+0.135 4.76+0.067 4.83+0.122
Linolenic Cis:3 1.06+0.037 1.01+0.022 1.03+0.111 1.03+0.016
Arachinic Cx.0 0.25+0.007 0.26+0.007 0.26+0.015 0.25+0.007
Arachidonic Czo.4 0.27+0.004 0.27+0.007 0.27+0.007 0.27+0.004
Amount of saturated fatty acids (SFA) | 54.72+0.145 | 54.86+0.049 | 54.88+0.100 54.93+0.072
Ratios characterizing the biological
effectiveness of fats:
MUFA: PUFA: SFA 1:0.2:1.6 1:0.2:1.6 1:0.2:1.5 1:0.2:1.5
PUFA: SFA 0.12 0.11 0.11 0.11
Ratio w-6:w-3 4.8 5.0 5.0 5.0
100
% 89,13 89,33 89,52 89,73
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Figure 1. Chemical composition of internal sheep fat

Periédico Tché Quimica. ISSN 2179-0302. (2020); vol.17 (n°35)
Downloaded from www.periodico.tchequimica.com

92



-PERI()DICO TCHE QUIMICA

ARTIGO ORIGINAL
TOXOPLASMOSE E PERTURBACAO CONGENITA

TOXOPLASMOSIS AND CONGENITAL DISTURBANCE
JAY @l ) g Cilw siall ¢)a
QASIM, Mohammed Jasim?®"; NAMA, Mustafa Adnan?

12 Department of Basic science, College of Nursing, University of Misan, Maysan, Iraq

* Corresponding author
e-mail: mohammed_j82@uomisan.edu.iq

Received 19 March 2020; received in revised form 04 May 2020; accepted 18 May 2020

RESUMO

A infecgdo da toxoplasmose é causada por parasitas protozoarios intracelulares chamados Toxoplasma
gondii. O animal e o humano podem sofrer as infec¢bes por diferentes vias. Algumas pessoas com status
imunocomprometido estdo em alto risco de infeccdo; exemplos desses grupos sédo gestantes, fetos e recém-
nascidos. Este estudo teve como objetivo avaliar o papel da infec¢céo por toxoplasma na manifestacdo de abortos
e outros disturbios congénitos entre mulheres casadas com idades entre 18 e 45 anos na cidade de Maysan (no
sul do Iraque). Os critérios de inclusdo incluem o grupo de estudo com histérico de infec¢do por Toxoplasma
gondii (100 mulheres) e, para controles, aqueles que estavam livres de toxoplasmose (100 mulheres). Os critérios
de excluséo foram gestantes, solteiras e portadoras de doencas imunossupressoras. As amostras de soro foram
testadas quanto a IgG e IgM contra antigenos de Toxoplasma gondii usando o sistema de imunoensaio
automatico Biomerieux Mini VIDAS, que dependia do principio da tecnologia Enzyme Linked Fluorescent Assay
(ELFA). O estudo revelou que as mulheres néo abortadas infectadas eram 14 (14%), enquanto as mulheres néo
abortadas nédo infectadas eram 24 (24%). As mulheres infectadas com um caso de aborto foram sessenta
(60,0%), enquanto as mulheres néo infectadas com um caso de aborto foram 40 (40,0%). As mulheres infectadas
gue tiveram dois casos de aborto e aquelas infectadas que tiveram mais de dois casos de aborto foram 26 (26%)
e 14 (14%), respectivamente. Houve diferenca estatisticamente significante entre mulheres infectadas e nédo
infectadas em relagdo ao aborto (p <0,01). Verificou-se que houve diferencas altamente significativas entre
mulheres infectadas e ndo infectadas em relacdo a anomalias e partos por cesariana (valor de p = 0,001). Houve
diferenca estatisticamente significante (valor de p = 0,01) entre mulheres infectadas e ndo infectadas em relacédo
ao parto com ou sem bebés prematuros.

Palavras-chave: Toxoplasma gondii, abortos, anomalias, cesarianas, bebés prematuros

ABSTRACT

Toxoplasmosis is a disease caused by intracellular protozoan parasites called Toxoplasma gondii. The
animal and human could suffer from infections through different routes involving diets, non-hygienic habit,
contacts to soil, as well as blood transfusions and organs grafting. Some people with immune-compromised status
are at a high risk of infection; examples of these groups are preghant women, fetuses, and newborns. This study
aimed to evaluate the role of Toxoplasma infection in the manifestation of abortions and other congenital
disturbances among married women aged 18 to 45 years in Maysan city (in the south of Iraq). Inclusion criteria
include the study group with a history of infection with Toxoplasma gondii (100 females) and for controls, those
who were free from toxoplasmosis (100 females). Exclusion criteria were pregnant women, unmarried women,
and those suffering from immunosuppressive diseases. The serum samples were tested for IgG and IgM against
Toxoplasma gondii antigens by using the Biomerieux Mini VIDAS automated immunoassay system, which
depended on the principle of Enzyme-Linked Fluorescent Assay (ELFA) technology. The study revealed that
infected non-aborted women were 14 (14%), while non-infected non-aborted women were 24 (24%). Infected
women with one case of abortion were sixty (60.0%), while non-infected women with one case of abortion were
40 (40.0%). The infected women who had two abortion cases and those infected ones who had more than two
cases of abortions were 26 (26%) and 14 (14%), respectively. There was a statistically significant difference
between infected and uninfected women regarding abortion (p < 0.01). It has been found that there were highly
significant differences between infected and non-infected women concerning anomalies and deliveries by
cesarean sections (p-value = 0.001). There was a statically significant difference (p-value =0.01) between infected
and non-infected women concerning their deliveries with or without premature babies.
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Keywords: Toxoplasma gondii, abortions, anomalies, cesarean sections, premature babies.
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1. INTRODUCTION:

Toxoplasmosis is a disease caused by
Toxoplasma gondii that can infect animal and
human (Lu et al.,, 2015; Robert-Gangneux and
Darde, 2012).

T. gondii divided into three stages:
tachyzoites, bradyzoites (tissue cysts), and
sporozoites (in cats’ feces). It can be transmitted
by ingestion of contaminated fruit, vegetable,
under-cooked meats, unpasteurized milk as well
as low hygiene around food and cook-wares.
Another route of transmission is through contact
with contaminated soil or by changing the cat litter
box (Kaakour et al.,2019 ; Soares and Caldeira,
2019). Around 30% of the world’s population is
assumed to be infected with T. gondii (Montoya
and Liesenfeld, 2004).

In  immune-competent humans, the
toxoplasmosis is commonly asymptomatic. Still, it
can be fatal in immune-compromised persons,
such as patients with HIV and cancer in addition to
organ transplant recipients and pregnant women
(Lu et al., 2015; Agrawal et al., 2014).

T. gondii causes encephalitis and
neurologic defects, and it can affect the heart,
inner ears, eyes (chorioretinitis), and liver.
Although rare, congenital toxoplasmosis (infection
of the infant) leads to ocular (retinochoroiditis) or
severe permanent neurological disease, as well as
brain and cardiac anomalies (Montoya, 2002). The
clinical effects of toxoplasmosis among pregnant
women are various. Such women may suffer from
spontaneous abortions, stillbirth, intrauterine

growth retardation, deliveries of premature babies
and anomalies in fetus. Furthermore, it has been
suggested that Toxoplasma infections have some
undesired implications on the capacity of the
reproductive organ in both males and females
(Flegr, 2013).

The infection of pregnant women with the
Toxoplasma parasite is linked to exposure to cats
and the age. This infection can lead to delivery
with cesarean section and to Toxoplasma infected
newborn (Kaakour et al., 2019).

The study aimed to investigate the possible
association between toxoplasmosis and some
congenital disturbances among women who
attended at Al. Sadr Teaching Hospital in Maysan
city.

2. MATERIALS AND METHODS:

After finding the female eligible for the
present study, she was explained the nature of the
study and consent was sought. Those willing to
give the consent and able to cooperate brief
history were taken from them in the college of
Nursing.

2.1. Study design

A case-control research was conducted in
Al. Sadr Teaching Hospital, from July 2019 to
February 2020. The study applied to married
women aged 18 to 45 years with the exclusion of
pregnant and unmarried women and those
suffering from immunosuppressive diseases. A
total number of 200 females were categorized into
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two groups: Study group included 100 females
who were infected with Toxoplasma gondii,
another (control) group including 100 non-infected
women, and without previous history of infection
with toxoplasmosis.

2.2. Procedure

Five milliliters of antecubital venous blood
was collected from each female in a sterile test
tube and left for 30 minutes at room temperature
until the clot has appeared in the blood. Then
these blood samples were centrifuged to 4000
round/minute (for 10 minutes) to separate the
serum. Sera were stored at -20°C till tested.

The serum samples were tested for IgG and
IgM against Toxoplasma gondii antigens by using
Biomerieux Mini VIDAS automated immunoassay
system, which depended on the principle of
Enzyme Linked Fluorescent Assay (ELFA)
technology.

2.3. Statistical analysis

Statistical analysis was done using the
statistical package for social sciences (SPSS
version 18). Chi-square tests and descriptive
statistics were applied to measure the frequencies
and levels of significance—the values considered
to be significant if P value < 0.05.

3. RESULTS AND DISCUSSION:

According to the findings in Table 1, it was
revealed that the majority of infected women were
located in the 21-25 years age group (38%).
Almost more than half numbers of infected women
were found in the first two groups compared to
other groups. These results indicated that
toxoplasmosis has occurred at an early age, more
than the old ages of women in the current study.
The findings have disagreed with many studies
which found out that, the raised level of
Toxoplasma infection was among 35-45 age
groups, in comparison with a reduced rate of
toxoplasmosis at 15-19 age groups (Al-Kalaby et
al., 2016; Sroka et al., 2010; Jassam, 2010; AL-
Ani, 2012; Al-Harthi et al., 2006).

The indication of Table 1 was in
agreement with findings of other studies, which
demonstrated that the infection of Toxoplasma
parasite was higher in the younger ages (Suhaila,
2008; Tasawar et al., 2012). More upper
infections that occur in young individuals may be
due to the association with poor sanitary habits

and lower immunity against this Toxoplasma
gondii (Jones et al., 2008).

Table 2 revealed that infected non-
aborted women were 14 (14%) while non-infected
women who had not any abortion history were 24
(24%). Sixty (60.0%) positive women had a history
of one case of abortion while 40 (40.0%) negative
women had a previous one abortion. According to
the table, the infected women with a history of two
abortion cases were 26 (26%), while those non-
infected women who had the same number of
abortions were 18 (18%). In the case of more than
two abortion histories, the number of infected
women was 14 (14%), while negative women for
toxoplasmosis were 4 (4%). The comparative
evaluation of these results indicates that there was
a significant difference (p < 0.01) between non-
infected and infected women with abortion.

The present study demonstrated that
there was statically significant (p-value = 0.01)
when applied cross-tabulation between infection
and abortion (Table 2). Simultaneously, Table 3
showed that 35 (35.0%) of infected women had
newborns with different anomalies compared to 14
(14.0%) of non-infected women (p-value = 0.001).
These results were in line with several studies
which indicated a correlation between infection
with toxoplasmosis and congenital anomalies as
well as previous history of abortion (Al-Kalaby et
al., 2016; Al-haris et al., 2014, Mugbil et al., 2014;
Amin et al., 2012; Mohamed et al., 2012).

The findings of data analysis, as showed in
Table 4 revealed that infected women with
cesarean section deliveries were 17 (17.0%) in
compared to 9 (9.9%) non-infected women who
had deliveries by cesarean section. Contrarily, the
infected women with standard deliveries were
noticeably less than non-infected women 29, 49,
respectively. Hence, the p-value was highly
significant  (0.005). These findings were
approximately in agreement with the study that
achieved in Lebanon (Kaakour et al., 2019).

The correlation between toxoplasmosis
premature babies was determined in Table 5
which revealed that there were 28 (28.0%) of
infected women had premature babies while non-
infected women were 11 (11.0%) only. The
significant difference was high (p-value = 0.01).
These findings were supported by another study,
which indicated that the associations between
prematurity and severity of congenital
toxoplasmosis, including severe eye and brain
disease (McLeod et al., 2012).
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4. CONCLUSIONS:

According to the study, it has been found

that the Infection of women with T.gondii is
associated with abortions and different anomalies
that occur in fetuses and newborns. This infection
may lead to cesarean section deliveries and
preterm births.
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Table 7. Distribution of the Women According to Toxoplasmosis and the ages

Toxoplasmosis
Age (years) P-value
Infected Uninfected
F 14 22
20 and Less
% 14.0% 22.0%
F 38 24
21-25
% 38.0% 24.0%
F 16 26
26-30
% 16.0% 26.0%
= 0 " Pearson
31.35 Ch_l-Square
% 10.0% 14.0% =0.07
Ns
F 18 12
36-40
% 18.0% 12.0%
F 4 2
41-45
% 4.0% 2.0%
F 100 100
Total
% 100% 100%

F = Frequencies; % = Percentages; Ns = Non-Significant;
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Table 2. Demonstration of the association between Toxoplasma infections and the Number of

Abortions
Number of Abortion Infected | Uninfected P-value

F 14 24

None
% 14.0% 24.0%
= 60 40 Pearson Chi-Square

One =0.01
% 60.0% 40.0%

. F 26 18 (S)

Twice
% 26.0% 18.0%
F 14 4

Three and more

% 14.0% 4.0%

F = Frequencies; % = Percentages; S = Significant;

Table 3. Demonstration of the Association between Toxoplasma infections and the Anomalies

_ Toxoplasmosis
Anomalies - P-value
Infected Uninfected
F 35 14 _
Yes Pearson Chi-
% 35.0% 14.0% Square
= 34 51 =0.001
None (Hs)
% 34.0% 51.0%

F = Frequencies; % = Percentages; Hs = Highly Significant;

Table 4. Demonstration of the Association between Toxoplasma infections and Cesarean Sections

_ Toxoplasmosis
Cesarean Sections : P-value
Infected Uninfected
F 17 9
Yes Pearson Chi-
= 29 49 = 0.005
None (Hs)
% 29.0% 49.0%

F = Frequencies; % = Percentages; Hs = Highly Significant;
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Table 5. Demonstration of the Association between Toxoplasma infections and Premature Babies

Toxoplasmosis P-value
Premature Baby :
Infected Uninfected
v F 28 11 Person Chi-
es Square
0, 0, 0,
% 28.0% 11.0% 001
F 37 56 (S)
None
% 37.0% 56.0%

F = Frequencies; % = Percentages; S = Significant;
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RESUMO

A equacdo de Schrodinger em uma coordenada toroidal foi proposta na fisica teérica para obter as
informacgdes e o comportamento do sistema de particulas. Foi resolvido recentemente, no caso de uma particula
escalar carregada interagindo com um campo magnético uniforme, um campo elétrico uniforme e uma carga
neutra restringida a superficie. A metodologia usada no referido trabalho foi resolver a equacéo de Schrédinger
usando uma abordagem descrita no tratado Whittaker-Watson que lida com um problema de valor préprio infinito-
dimensional e com valores particulares especificos do campo aplicado para o problema de fungéo prépria,
enquanto no problema da mecanica quéantica um tinha um problema de autovalor generalizado de dimenséao
infinita. Este estudo teve como objetivo obter o valor proprio de energia ndo-relativistica e a fungéo de onda radial
da equacdo de Schroedinger sob a influéncia do potencial de Yukawa. O método da Mecénica Quéntica
Supersimétrica (SUSY QM) foi usado como base para abordar o objetivo principal deste artigo, estudar o
problema de uma particula com massa variavel em coordenadas toroidais. O super potencial adequado foi usado
para lidar com a forma hiperbdlica do potencial efetivo e os espectros de energia foram calculados para diferentes
nameros quanticos, profundidade potencial e pardmetros potenciais. A equacédo da funcdo de onda radial para o
solo e o estado excitado foi obtida. Os resultados mostraram que o valor crescente dos niumeros quanticos fez
com que os espectros de energia do sistema aumentassem para o valor mais alto quando o nimero quantico era
igual ao pardmetro potencial, o que significa que o valor energético mais eficaz foi produzido e depois diminuiu.
Enquanto o valor da energia ndo dependia da alteracdo do pardmetro potencial. Essa propriedade poderia ser
usada para produzir essa equagcdo como uma aplicagdo dos resultados anteriores. A fungéo propria de
Schrédinger foi usada como ponto de partida para resolver a outra equagdo no mesmo cendrio e potencial
geomeétrico.

Palavras-chave: Valor proprio da energia, espectros de energia, fungdo de onda no estado fundamental
ABSTRACT

Schrodinger equation on a toroidal coordinate was proposed in theoretical physics to get the information
and the behavior of the system of particle. It was solved just recently in case of a charged scalar particle interacting
with a uniform magnetic field, a uniform electric field, and a neutral charge constrained to the surface. The
methodology used in the referred work was to solve the Schrodinger equation using an approach outlined in the
Whittaker-Watson treatise, which deals with an infinite-dimensional eigenvalue problem and specific particular
values of the applied field for eigenfunction problem. In contrast, in the quantum mechanical problem, one had an
infinite-dimensional generalized eigenvalue problem. This study aimed to obtain the non-relativistic energy
eigenvalue and the radial wave function of the Schrodinger equation under the influence of Yukawa potential. The
Supersymmetric Quantum Mechanics (SUSY QM) method was used as a basis to tackle the primary objective of
this paper to study the problem of a particle with variable mass in toroidal coordinate. The proper super potential
was used to deal with the hyperbolic form of effective potential, and the energy spectra were calculated for
different quantum numbers, potential depth, and potential parameters. The radial wave function equation for
ground and excited state were obtained. The results showed that the increasing value of the quantum numbers
caused the energy spectra of the system to increase to the highest value when the quantum number was equal
to the potential parameter, which means the most effective energy value was produced, then it was decreased
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afterward. While the energy value did not depend on the change of the potential parameter. This property could
be used to produce this equation as an application of the previous results, the Schrodinger eigenfunction was
used as the starting points to solve the other equation in the same geometrical setting and potential.

Keywords: Energy eigenvalue, energy spectra, ground-state wave function

1. INTRODUCTION:

There had been increasing interest in
theoretical physics to obtain the exact solution of
the Schrodinger equation in spacetimes with non-
spherical topology and negative cosmological
constant (Krisch and Glass, 2003). The main
purposes of this interest were to obtain the energy
eigenvalue and the wave function. It was important
to understand because it contained all the
information about the quantum system. However,
SUSY QM allowed one to determine eigenvalues
and eigenstates of known analytically solvable
potentials using algebra operator formalism
without ever had to solve the Schrédinger
differential equation by standard series method
(Cari et al., 2014). The other methods have been
used to solve the Schrodinger equation, such as
the Hypergeometric method (Dianawati et al.,
2018), Nikiforov-Uvarov method (Onate et al.,
2018), and Asymptotic Iteration Method (Elviyanti
et al., 2018).

The method of separation of variables in
various coordinate systems was a classic
approach to find the exact solutions of the
Schrodinger equation that had been thoroughly
studied. One such set of coordinates was the
toroidal system, but it will be argued that some of
the usefulness of this coordinate system had been
hidden. It was because, while the usual way of
separating the variables was appropriate for some
situations, there was another way that more suited
to a certain class of problems, in particular, some
interesting problems in electrostatics (Andrews,
2006)

The toroidal coordinates (Moon and
Spencer, 1971) of any point were given by the
intersection of a torus, a sphere with its center on
the axis of the torus (the z-axis), and an azimuthal
half-plane (terminated by the z-axis). A toroid with
a circular cross-section was a torus, so a torus was
a toroid, and tori were toroids (Lucht, 2016). The
radius and center of the sphere were determined
by the spherical coordinate p, the major and minor
radii of the torus were given by the toroidal
coordinate n, and the particular half-plane was
specified by its azimuthal angle ¢.

The solutions for the Schrodinger equation
with a position-dependent mass lie at the center of

interest of the professional public because it
helped us to understand the behavior of quantum
particles in the cases in which their mass varies
spatially (Bednarik and Cervenka, 2017). For
instance, the variable mass Schrodinger equation
played an essential role in the study of the
electronic properties of inhomogeneous crystals,
guantum dots, and quantum liquids (Golubov and
Mazin, 1997). A suitable choice of a mass position
function of the exponential-like form had been
devised (Meyur, et al., 2014). However, the
application of variable mass in the Schrodinger
equation was needed to be studied in a significant
way.

Energy eigenvalue and wave function of
non-relativistic particle have been solved using
Schrodinger equation in the presence of many
potentials such as Eckart potential (Goudarzi and
Vahidi, 2011), Poschl-Teller (Suparmi et al.,
2012), Hylleraas (Suparmi et al., 2017), and ring-
shaped pseudo-harmonic oscillatory (Oliveira and
Schmidth, 2019). The energy eigenvalue and
wave function also could be used to determine
other properties and further information of the
system such as thermodynamics properties
(Adebimpe et al., 2019), entropy information
(Faniandari et al., 2019; Ma’arif et al., 2019) and
optical properties (Falkovsky, 2008).

The hyperbolic form of Yukawa potential
was put into the formulation of the radial part of the
Schrodinger equation in toroidal coordinates. The
supersymmetric quantum mechanics method and
variable mass were used. Therefore, this study
aimed to obtain the energy eigenvalue, the un-
normalized ground state wave function, and the
exciting wave function of the system.

2. MATERIALS AND METHODS:

2.1. Schrodinger Equation with Variable Mass

The Laplacian in this coordinate was given

by:
%;(hﬂsinhyg—wj
sin
vzwzia Hor “ (Eq. 1)
h“t of, a¥) h ¥
+t—|h — |+ ———
| on\ " 0n) sinh® u 04 |
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where

¥ = \/cosh u—cosnF (u,7,4) (Eq. 2)
a

h =h=————— Eqg. 3a

“ % cosh u—cosny (Eq. 3a)

h, = asimhu__ (Eq. 3b)
cosh y—cosn

After applying the general wave function
and scaling factors, the Laplacian could be
simplified, so the Schrodinger equation with
energy eigenvalue and potential was defined as

a[ 8F] 0°F
sinh — |+~
on

(cosh - cosn) sinh i du 6y
Sl th 2
2 L 0% 1 (Eq. 4)
" inh? uog 4
2m 2m
—h—VF(ﬂ 1, ¢):_h_2EF (#.1.9)

The variable mass was proposed as

m, (cosh 4 —cos 77)2

m= " (Eq. 5)

25 T
— p=0
—— =05

N
~ jimt

— =15
20 [ ~ U=2
15 A
E
10 S
- N
e

Figure 1. Plot for mass function m with the
variationof n, m, =1, a=1

— =0
——ne02r
—— ne04n

/ =

o

n
0 0.2 04 0.6 0.8 1
n

Figure 2. Plot for mass function m with the
variation of u, m, =1, a=1

The non-central potential was applied to Eq. (4)
which expressed by

V(4)

V(e,17,8) =V () +V (1) + sinh? i

(Eq. 6)

Generally, the Schrodinger equation could be
solved by reducing the system of particles to the
second-order differential equation. For the wave
function

F=M(u)H(n)P(¢) (Eq. 7)
The angular parts were
0°H  2m,
V(n)H=4H Eqg. 8
PR (mMH=4 (Eq. 8)
o*P  2m,
V(@)P=4P Eqg. 9
EYa (PP =14 (Eq. 9)
and the radial part was
< smhuy 2n;(’V(u)M
Slnh,u 8,u ou h
(Eq. 10)

_AM — 1 2m2E M = _2?2 M
h sinh® i

The solution was simplified to be
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1
waK w TRy
2m. du®  2m, sinh?®
b OH o H (Eq. 11)
hZ
+V K- K-EK =0
(W) K- 4 om,
where M = K

Jsinhu
2.2. Supersymmetric Quantum Mechanics Method

Quantum mechanics, in its development,
had brought the concept of symmetry as a
foundation for thinking to simplify physical
systems. The concept of symmetry
mathematically means the invariant nature of a
system when subject to a particular
transformation. Closed algebra under the anti-
commutation relationship was introduced in the
supersymmetry system. The Supersymmetry
system in quantum mechanics was defined as a
system consisting of a supercharge operator Q;
which was commutative towards Hamiltonian
Supersymmetry (Hss) (Witten, 1981).
[Qi,Hss] =0and i=1,2, ...,.N (Eqg. 12)
where N was the number of generators and meets
the anti-commutation relationship below
{QlQ}} = 5inss (Eg. 13)
Hamiltonian Supersymmetry (Hss) was defined as
the sum of squares of the supercharge operator

(Q:):

Hgs = 2Qf{ =2 Q% (Eq. 14)

The simplest SUSY QM system, where N
= 2 with supercharge operators Q. and Q: could
be associated with spin 1/2 particles moving in a
straight line. Q1 and Q2 in this simple system were
defined as follows:

1
0= H(ag+ o) (Eq. 152)
1
0. = (0= o) (Eq. 15)
where o; and o, were matrices from Pauli

(Suparmi, 2011).
Hss was Hamiltonian supersymmetry, p =

., d? . .
_lhﬁ was linear momentum  (bosonic

momentum), X was bosonic coordinate, and ¢(x)
was bosonic  superpotential.  Hamiltonian
Supersymmetry matrix could be shown as:

H 0
He=('g u) (Eq. 16)
where
S o h_do()
H_= 2m de ¢ () — V2m  dx (Eq. 17a)
h? d? h d
Hy=—goi5+ ¢’ +5="02  (Eq.17b)

Eq. (12) caused the results in the generation of
degenerated energy H_ and H,, which were SUSY
partners of the Fermionic  Hamiltonian
(descendant) and Bosonic (ascending), both of
which were also written as Hgs. The standard

Schrodinger equation was stated in the
Hamiltonian SUSY as follows
Ho=-1d4 vy (Eq. 18a)
- Zmdx2 () g
n? d?
Hy=————5+ V(%) (Eq. 18b)

where V_.(x) and V,(x) were called as
supersymmetry potential couple, ¢(x) was
superpotential, while ¢'(x) was the first derivative

of ¢(x).

Lowering and raising Hamiltonian could be
factorized from the equation (18a) and (18b) and
respectively were stated as follows:

(Eq. 19a)
(Eqg. 19b)

+___h a
A - \/_dx + ¢(X)
A==+ p()
At was raising operator and A was lowering
operator (Rodrigues, 2002).

Based on the character of lowering
operator (A), if (A) was operated on the ground
state wave function 1/13_), it will equal to zero
(Cooper et al., 1995).

V= (e + )i =0

From Eq. (20), then the ground state wave function
was determined as

ApS (Eg. 20)

P$ () = N exp [—@f_qub(x) dx] (Eq. 21)

with N was the normalization factor.
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3. RESULTS AND DISCUSSION:

The radial part of the Schrodinger equation
with energy eigenvalue and potential was
expressed as

A S O SN
2my ou®  2my | 4sinh® g sinh® x| (Eq. 22)
W (K = 'K

2

+E.

h
with ¢'=
A5 :
Yukawa potential was used and it's general form
was (Yukawa, 1935).

hZ -ép
V(o)=Y (e J (Eq. 23)
m, p
By set Sp = u
(e
V(1) =-Vé 5 (—J (Eq. 24)
My \ 4

The following approximation for centrifugal terms
was applied (Greene and Aldrich, 1976; Qiang and
Dong, 2007; Jia, et al., 2009; Dong, et al., 2013 ).

1 g
— 4 (Eq. 25)
H (1-e?)
u
1. 2258 (Eq. 26)
uooer -1
Then Eg. (24) was modified as
hz
V() = ———V, &2 (coth 1) (Eq. 27)
2m,

Eq. (27) was inserted into Eq. (22)

2 9 2 1v(v-1
—h—%ﬁ— _( : )—vogzcothy+v0§2 K
2m, ou~  2my| sinh®

2
:(%EHEJK

where —%—/12 =v(v-1).

(Eq. 28)

This was the second-order differential equation of
the Schrodinger equation. The shape invariant
potential was used, so the hypothetical
superpotential  function in  supersymmetric
guantum mechanics was

®(u)=Acothu+B (Eq. 29)
to satisfy the Riccati equation below
2 h '
O (u) - —==0'(u) =V ¢ (Eq. 30)
\2m,
[AZ +LA]csch2 1+ 2ABcoth u + A® + B
V2 (Eq. 31)

2
- %(v(v —~1)cseh? 1 =V,& coth +V,é? ) -

0

where ¢ was the lowest energy eigenvalue.
Comparing the left and the right side of Eq. (31),
the solutions were determined.

h
A= ™ v (Eq. 32)
0
2
B=- zh Voz—é (Eq. 33)
m, 2V
2
h? 2 (V‘)gz) 2
£ = V, & — -V (Eq. 34)
2m,| ° 4v?

With Eq. (29), Eq. (32), Eq. (33), Eq. (18a) and Eqg.
(18b), the two partner potentials which have an
invariant form were constructed as follows:

(v +v)esch? 1 =V,&* coth

2 2
+(VZ%)+V2
(V2 =v)cseh? -V, & coth
(V0§2)2 2

" +V

V_(ag,u) =5 — (Eq. 35)

2m,

V. (@) =5 - (Eq. 36)
o+

Then, a new set of the parameter was defined as
a, =V —1from the old set of parameter a, = V.
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(v —v)esch® =V, & coth u
_n z
v*(%’”)"zmo . (V,&?) 1) (Eq. 37)
4(v-1)°
((v=1)° = (v=1)Jesch’
V. (a,4)=-— as (Eq. 38)
2n, -V & coth u + ( d )2+(v—1)2
4(v-1)

In term of the parameter of the problem, the
following relations were obtained:

R(a,)=V., (8. 4)-V_(a, 4)

_ h? (\/0952)2 B (Voéz)z 2 —(V—l)z (Eq. 39)
2m, | 4° 4(\/_1)2

R(a,) -V, (2. (2

W) () (Eq. 40)

F(v-1) -(v-2)

| a(v-1) 4(v-2)

The energy eigenvalue was determined as:

£ =Y R(a,)
k=1

Eqg. 41
n? (Vogz)z (Vofz)z 2 2 (Fa. 41)
- 2 7 +V =(v-n)
2m, | 4v 4(v— n)
This gave the energy equation as
E,=E{) +E,
2 2 ) Eqg. 42
0

where 7 was Planck constant, m, was the mass of

the particle, V, was the potential depth, ¢ was the

potential width, v was the parameter of Yukawa
potential, and n was the quantum number.

From Eq. (42), the energy spectra were
determined from the energy eigenvalue with the
variation of the quantum number, potential depth,
and parameter of Yukawa potential in Table 1.

In Figure 3, when v=1 and v=2 the graph
was tended to tilt to the left, while v=4 and v=5 the
graph was tended to tilt to the right. It was

symmetrical at the center when v=n=3. Table 1
and Figure 3 showed that the increasing value of
the quantum number (n) causing the energy value
to increase until it reached the highest value when
n =v. After that, the energy value was decreased
for the system in a toroidal coordinate. It also had
a symmetric curve and when n=v it became the
axis of symmetry.

0.2

— =t

-0.2

Energy

0.4+

06 /

0.8%
1 2 3 4 5
n

Figure 3. Energy spectra of Yukawa potential in
toroidal coordinate (V, =0, 7=1 m, =1,
£=0,01)

For the increasing value of the potential
parameter v, the energy both increased and
decreased. So, practically the potential parameter
did not have a direct impact on the value of the
energy.

To obtain the un-normalized wave function,
the superpotential was defined again as stated in
Eq. (29).

O(u) =

2
f (vcothy—vog ] (Eq. 43)
2V

\J2m,

The relation of shape invariance in SUSY QM was
used and the raising and lowering operators were
obtained from Eq. (43).

2

__ A 4, h VCOth,u—Voé
J2m, du - J2m, 2v

d Vo&”

A= f —+ f vcoth g —
J2m, du - J2m, 2v

So, the ground state wave function ¥, was
obtained

AT

]EqM)

] (Eq. 45)
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nod
—+® O =0 Eq. 46
2
P O Cvgi A sinh™ (Eq. 47)

The raising operator in Eq. (44) was
operated to the ground state wave function ¥,

in Eg. (47) and the un-normalized excited wave
function was determined.

sinh u
_ L ohov V,E 1
YO (xa)=¥ ) ——||veothu--=--=1|| (Eq. 48
M (xa)=Y, i+ o (Eq. 48)
+(v+1)cosh

4. CONCLUSIONS:

The analytical solution of the Schrodinger
equation using Yukawa potential in the form of
hyperbolic function in the toroidal coordinate was
obtained. The energy spectra and wave function
were solved with the Supersymmetric Quantum
Mechanics method (SUSY QM). The energy
spectra were reported numerically based on the
energy eigenvalue equation. The un-normalized
ground state wave function and the excited state
wave function was determined by operating the
lowering and raising operator.
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Table 1. Energy Spectra of Yukawa Potential in Toroidal Coordinate (2 =1, m, =1, and &£ =0,01eV )

v V, E
n=1 n=2 n=3 n=4 n=>5
1 1 0,00000050 | -0,00499950 | -0,01999950 | -0,04499950 | -0,07999950
5 0,00000250 | -0,00499750 | -0,01999750 | -0,04499750 | -0,07999751
10 0,00000500 | -0,00499500 | -0,01999501 | -0,04499501 | -0,07999502
2 1 -0,00499950 | 0,00000050 | -0,00499950 | -0,01999950 | -0,04499950
5 -0,00499850 | 0,00000150 | -0,00499850 | -0,01999850 | -0,04499850
10 -0,00499500 | 0,00000500 | -0,00499500 | -0,01999501 | -0,04499501
3 1 -0,01999950 | -0,00499950 | 0,00000050 | -0,00499950 | -0,01999950
5 -0,01999750 | -0,00499750 | 0,00000250 | -0,00499750 | -0,01999750
10 -0,01999501 | -0,00499500 | 0,00000500 | -0,00499500 | -0,01999501
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RESUMO

Os cristais liquidos sdo Unicos em suas propriedades e usos e tém um papel essencial na area de
aplicagbes tecnoldgicas como elétrica, Otica, display, mapa de temperatura e materiais de comutacéo. Este
estudo teve como objetivo sintetizar derivados de hexaetinilbenzeno a partir de 1,3,5-triclorobenzeno benzeno
como nucleo central substituido por trés anéis aromaticos e trés armados de 2-cloro-4,6-bis ((3,7-dimetiloct-6-en
-1-il) oxi) -1,3,5-triazina. Essas moléculas sao formadas pela ligagdo covalente de trés bracos simetricamente a
um ndcleo central que podem ser ligados ao nucleo central através de ligantes flexiveis, semiflexiveis ou rigidos.
A substituicdo ocorre na periferia acetilénica no anel central do benzeno e foi obtida com eficiéncia pelo
acoplamento Sonogashira. Os compostos de seis bracos baseados no ndcleo do benzeno foram misturados com
a razdo complementar 1:1 do &cido 4-dodeciloxibenzdico, que ja possuia propriedades de cristais liquidos para
aumentar a possibilidade de formagéo destes resultando em um sal organico. Os sais organicos obtidos foram
investigados quanto ao seu comportamento em cristal liquido por microscopia éptica de polarizacdo (POM) e
calorimetria de varredura diferencial (DSC). Todos os compostos intermediarios e finais foram confirmados por
técnicas espectroscopicas (1H RMN, 13C RMN e espectrometria de massa).

Palavras-chave: Triazina, Cristais liquidos, Ligagdo de hidrogénio, Sintese e Caracterizacao.
ABSTRACT

Liquid crystals are unique in their properties and use and has an essential role in the area of technological
applications such as electrical, optical, displayers, temperature maps, and switching materials. This study aimed
to synthesize hexaethynylbenzene derivatives starting from 1,3,5-trichlorobenzene benzene as a central core
substituted with three aromatic ring and three armed of 2-chloro-4,6-bis((3,7-dimethyloct-6-en-1-yl) oxy)-1,3,5-
triazine. These molecules are formed by the covalent linking of three arms symmetrically to a central core which
may be attached to the central core through flexible, semi-flexible or rigid linkers. The substitution occured at the
acetylenic periphery on the central benzene ring and was achieved efficiently by Sonogashira coupling. The six-
armed compounds based on the benzene core was mixed with the complementary 4-dodecyloxybenzoic acid 1:1
ratio, which already possessed liquid crystal property to increase the formation of these resulting in an organic
salt. The obtained organic salts were investigated for their liquid crystal behaviour by polarizing optical microscopy
(POM) and differential scanning calorimetry (DSC). All the intermediate and final compounds were confirmed by
spectroscopic techniques (1H NMR, 13C NMR, and mass spectrometry).

Keywords: Triazine, Liquid crystals, Hydrogen bonding, Synthesis and Characterization.

1. INTRODUCTION: especially as sensors. Because of their fluid nature
at a specific temperature, liquid crystals (LCs) are
Liquid crystal displays (LCDs) are Very easy to process in thin films, along with
omnipresent in the modern world, representing Maintaining optical properties characteristic to
probably the most prevalent, developed, and crystalline materials, as the ability to rotate the
profitable technology of thermotropic liquid Polarized light plane (birefringence) (Scutaru,
crystals (Bremer, 2013; Kato, 2018). This 2018).
appliqation is based' on their sensitivity to extemal The chemistry of triazine has gained much
electric and magnetic fields, when molecules align increased in the last few decades, due to their

fast and at low voltages. This property was the gppjications in organic synthesis and liquid crystal
basis for their use in other exciting applications, properties  (Akkurt et al., 2019). Hexa-

Periédico Tché Quimica. ISSN 2179-0302. (2020); vol.17 (n°35)
Downloaded from www.periodico.tchequimica.com
109



ethynylbenzene derivatives are interested
molecular as liquid crystals (Praefcke, 1991; Al-
Jumaili, 2020), nonlinear optical material (Kondo,
1995), core structures for dendritic (Kayser, 1999),
light-harvesting materials (Mongin, 2000), and
building blocks for two-dimensional carbon
networks (Kehoe, 2000; Wan, 2000).

Substituted hexa-ethynylbenzenes, in
which the ethynyl ends possess different
functional groups, are attractive because it would
be possible to change the above properties by
modifying the substitution pattern of the terminal
groups (Sonoda, 2001). The more frequently
utilized nucleophilic substitution reactions have
been mostly limited to amines and alcohols so far,
providing selective substitution at the price of
decreased cycloaddition ability due to the
electron-donating nature of the new substituent
(Boger, 1998; Sakya, 1997; Novak, 2003).

Organic T1-conjugated systems, small
molecules (Chow, 2014) and polymers, (Tan,
2020) are of great interest for sensing, optical and
electronic applications (Usta, 2014). The group of
discotic liquid crystals (DLC) offers the additional
feature of self-organization, often as a columnar
arrangement resulting in anisotropic properties,
e.g. one-dimensional charge transport in the
liquid-crystalline phase (Kaller, 2012).

Typical DLCs consist of electron-rich
polycyclic aromatic units, e.g., triphenylene or
hexabenzocoronene, (Kumar, 2005), whereas
DLCs with an electron-deficient core are rather
scarce (Kestemont, 2001). Tr-conjugated N-
heterocyclic molecules with peripheral aliphatic
chains can easily be functionalized to present
highly ordered columnar mesomorphism, which
results in exciting properties like one-dimensional
(1D) high charge carrier mobilities regarding
scientific and technological aspects
(Gsénger,2010; Sergeyev, 2007; Demus, 2011).

In the present study on the construction of
extended Tr-electronic systems, it was performed
the  design and synthesis of new
hexaethynylbenzene derivatives starting from
1,3,5-trichlorobenzene benzene as a central core
substituted with three aromatic ring and three
armed of 2-chloro-4,6-bis((3,7-dimethyloct-6-en-
1-yl) oxy)-1,3,5-triazine. These molecules are
formed by the covalent linking of three arms
symmetrically to a central core (scheme 1). These
arms may be linked to the central core through
flexible or semi-flexible or rigid linkers. When the
central core connecting to the linkers and three
rigid arms, shape persistent star-shaped
mesogens are obtained (Lehmann, M. 2009).

These molecules lack the shape
anisotropy of discotic required to exhibit
mesophases.  Still, their abilty to form

mesophases is supported by the nanophase
segregation of chemically or physically different
molecular subunits and their tendency to fill the
space efficiently in bulk (Pradhan, 2016). The
advantage of six-armed design with concerning to
discotic is the synthetic flexibility of the liquid
crystal behaviour (Bisoyi, 2010).

Therefore, this study aimed to synthesize
hexaethynylbenzene derivatives starting from
1,3,5-trichlorobenzene benzene as a central core
substituted with three aromatic ring and three
armed of 2-chloro-4,6-bis((3,7-dimethyloct-6-en-
1-yl) oxy)-1,3,5-triazine.

Cl Cl
I cl ! 7a: Ry =Ph, R, =3
‘ — 7b: R, = Pyridine, R, =3
R4 R
|| R,— Ra || Ry
= D =
Cl Cl
Z X
Ry = cl - Ry Ri Il Ri
Rz
Scheme 1. Synthesis route of six arms
compounds.
2. MATERIALS AND METHODS:
2.1. Chemical and Reagents
Cyanuric chloride, dodecan-1-ol,

ethynylbenzene, 1,3,5-trichlorobenzene, 2-
iodothiophene, 2-ethynylpyridine,
ethynyltrimethylsilane, copper iodide, potassium
carbonate, tetrakis(triphenylphosphine)palladium
and triethylamine. The solvents were used dry
(THF, Dioxane) were obtained from distilling over
phosphorous pentoxide (merck).

2.2. Measurement

Purity of the compounds was checked by
TLC on silica gel 60 Fzssa (Merck). Synthesized
compounds are characterized by *H NMR and *C
NMR spectra using CDCl; as a solvent with TMS
as an internal standard. IR spectra were recorded
in KBr on a Shimadzu FTIR 8400S
spectrophotometer. Mass spectra were recorded
on a GCMS-QP 1000 mass spectrometer.

Periédico Tché Quimica. ISSN 2179-0302. (2020); vol.17 (n°35)
Downloaded from www.periodico.tchequimica.com

110



2.3. 2-chloro-4,6-bis((3,7-dimethyloct-6-en-1-yl)
oxy)-1,3,5-triazine (2)

2,4,6-trichloro-1,3,5-triazine (1) (0.29g, 1.6
mmol), 3,7-dimethyloct-6-en-1-ol (0.5 g, 3.2 mmol)
and K>COs (0.45 g, 3.2 mmol) were dissolve in 10
mL of THF under argon atmosphere and stirred at
50°C overnight (Scheme 2). The solution was
poured into a mixture of ethyl acetate (10 mL) and
water (10 mL). The organic layer after separation
dried with sodium sulfate. Under vacuum, the
solvent was evaporated and the crude product
purified by column chromatography  with
hexane/ethyl acetate (2.5% EtOAc) as an eluent to
yield (0.25 g, 41%). *H NMR (500 MHz, CDCls)
(5.14 (dd, J= 7.1, 1.3 Hz, 2H), 4.5 (m, 4H, OCHy),
2.09 (m, 4H, CH>), 1.9 (m, 6H, CHs), 1.8 (m, 6H,
CHy), 1.6-1.3 (m, 10H, CHy), 1.07-0.95 (m, 6H,
CHg), ¥C NMR (126 MHz, CDCl;) (172, 171,
131.5, 124, 69, 36.8, 35, 29, 25.7, 25.3, 19.2, 17.6).
HRMS= M*caca for C23H3zsCIN3O, = 424.27. (M+H)*
found = 424.27 and (M+NHa)* found = 441.311
(441.311- 18 = 423.3).

2.4. 2,4-bis((3,7-dimethyloct-6-en-1-yl) oxy)-6
((trimethylsilyl)ethynyl)-1,3,5-triazine (3)

2-chloro-4,6-bis((3,7-dimethyloct-6-en-1-

yhoxy)-1,3,5-triazine (2) (1.2 g, 2.5 mmol),
ethynyltrimethylsilane (0.29 g, 2.96 mmol), K>COs
(0.4 g, 21.9 mmol), Pd(Pphs)s (0.28 g, 0.24 mmol)
and Cul (0.09 g, 0.49 mmol), were dissolve in 10
ml of THF under argon atmosphere then refluxed
for 6 hr. (Scheme 2). The solution was poured into
a mixture of ethyl acetate (20 mL) and water (20
mL). The organic layer after separation dried with
sodium sulfate. The solvent was removed under
vacuum to give brown oily material with yield (1.1
0, 81%). HRMS= M*caica for C2sHa7N302Si = 485.34.
(M+H)*ouna = 486.33 and (M+Na)* founa = 508.32
(508.32 — 23 = 485.32).

2.5. 1,3,5-trichloro-2,4,6-triiodobenzene (5).

Periodic acid (1.5 g, 6.55 mmol) was added
slowly to 25 ml of concentrated sulfuric acid and
stirred for one hour then Potassium iodide (3.25 g,
20 mmol) was added to the mixture slowly at 0°C,
after the reaction reached room temperature,
1,3,5-trichlorobenzene (7) (0.39 g, 2.2 mmol) was
added (Scheme 3). The solution was poured into a
mixture of ethyl acetate (25 mL) and water (25 mL).
The organic layer after separation dried with
sodium sulfate. The solvent was removed under
vacuum to give solid materials with a yield (0.75 g,
62%), MP. 280°C. HRMS= M* cacq for CsClals
557.62. (M+H) found = 558.6 and (M+Na)*? found
582.6.

2.6. ((2,4,6-trichlorobenzene-1,3,5-triyl) tris(ethyne-
2,1-diyl)) tribenzene (6a)

1,3,5-trichloro-2,4,6-triiodobenzene (5)
(0.5 g, 0.89 mmol), ethynylbenzene (0.27 g, 2.68
mmol), Pd(Pphz)4(0.01 g, 0.09 mmol), Cul (0.03 g,
0.18 mmol) and EtsN (0.28 g, 2.86 mmol) were
dissolved in 10 ml of dioxane under argon
atmosphere then stirred at 75 °C for 6 hr. (Scheme
3). The solution was poured into a mixture of ethyl
acetate (10 mL) and water (10 mL). The organic
layer after separation dried with sodium sulfate.
Under vacuum the solvent was evaporated and
the crude product purified by column
chromatography with hexane/ethyl acetate (5%
EtOAc) as an eluent to give white powder with
yield (0.35 g, 81%), MP. 140-145 °C. *H NMR (500
MHz, CDCls) (7.6 (m, 6H, Ar-H), 7.4 (m, 9H, Ar-H).
13C NMR (126 MHz, CDCls) (142, 132.5, 129.2,
128.5, 121.8, 81.6, 74). HRMS= M¥caca for
CzoH1sClz = 481.80. (M+H)* found = 483.02, and
(M+Na)* found = 505.0219.

2.7.2,2',2"-((2,4,6-trichlorobenzene-1,3,5-triyl)
tris(ethyne-2,1-diyl)) tripyridine (6b)

1,3,5-trichloro-2,4,6-triiodobenzene (5)
(0.43 g, 0.76 mmol), 2-ethynylpyridine (0.24 g,
2.29 mmol), Pd(Pphs)s (0.09 g, 0.07 mmol), Cul
(0.03 g, 0.15 mmol) , EtsN (0.24 g, 2.44 mmol)
were dissolve in 10 mL of dioxane under argon
atmosphere then stirred at 75°C for 6 hr. (Scheme
3). The solution was poured into a mixture of ethyl
acetate (10 mL) and water (10 mL). The organic
layer after separation dried with sodium sulfate.
Under vacuum, the solvent was evaporated and
the crude product purified by column
chromatography with hexane/ethyl acetate (3%
EtOAc) as an eluent to give white powder with
yield (0.29 g, 78%), MP. 195-200 °C.*H NMR (500
MHz, CDCls) (7.45 (m, 3H), 7.42 (m, 6H), 7.3 (m,
3H). *C NMR (500 MHz, CDCls) (145.6, 140.8,
134, 133.8, 129.6, 128.69, 128.6, 100.4, 97.9).
HRMS= M+calcd for C27H12C|3N3 = 483.02.
(2M%)touna: 968.0178.

2.8.6,6',6"-((2,4,6-tris(phenylethynyl)benzene-
1,3,5-triyl) tris(ethyne-2,1-diyl)) tris(2,4-bis((3,7-
dimethyloct-6-en-1-yl) oxy)-1,3,5-triazine) (7a).

((2,4,6-trichlorobenzene-1,3,5-
triyl)tris(ethyne 2,1-diyl))tribenzene (6a) (0.15 g,
0.31 mmol), 2,4-bis((3,7-dimethyloct-6-en-1-
yl)oxy)-6 ((trimethylsilyl)ethynyl)-1,3,5-triazine (3)
(0.48 g, 0.99 mmol), Pd(Pphs). (0.03 g , 0.03
mmol), Cul (0.01 g, 0.06 mmol) and K,CO3 (0.15
g, 1.08 mmol), were dissolve in in 10 mL of
dioxane under argon atmosphere then stirred at
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80°C for 16 hours (Scheme 3). The solution was
poured into a mixture of ethyl acetate (10 mL) and
water (10 mL). The organic layer after separation
dried with sodium sulfate. Under vacuum the
solvent was evaporated and the crude product
purified by column chromatography with
hexane/ethyl acetate (2.5% EtOAc) as an eluent
to give oily light brown material with yield (0.37 g,
74%). *H NMR (7.36 (m, 9H, Ar-H), 7.2 (m, 6H, Ar-
H), 4.8 (s, 6H), 4.2 (t, 12H, OCHy), 1.9 (m, 12H,
CHy), 1.74 (m, 18H, CHs), 1.5-1.3 (m, 12H, CH>),
1.1-0.88 (m, 36H, CH,), 0.7 (m, 18H, CHs). *C
NMR (126 MHz, CDCls) (172.5, 170.9, 133, 131.8,
129.7. 128.9, 125.1, 125.08, 122.3, 88.5, 86.45,
82, 74.4, 66.8, 42.8, 42.5, 37.7, 37.5, 36.4, 36.3,
30.22, 29.9, 29.4, 26.2, 25.9, 20.02, 19.9, 18.3,
13.7, 13.5, 13.25, 13.23). FT IR (2969, 2919,
2853, 1748, 1566, 1525, 1495, 1460, 1431, 1410,
1303) cm™. HRMS = M*caca for CiosH120NgOg =
1612.01. (M+3H)"3cung = 538.34 and (M+3Na)*?
found — 560.67.

2.9.6,6',6"-((2,4,6-tris(pyridin-2-ylethynyl) benzene-
1,3,5-triyl) tris(ethyne-2,1-diyl)) tris(2,4-bis((3,7-
dimethyloct-6-en-1-yl) oxy)-1,3,5-triazine) (7b).

2,2',2"-((2,4,6-trichlorobenzene-1,3,5-

triyDtris(ethyne-2,1-diy)tripyridine (6b) (0.12 g,
0.25 mmol), Pd(Pphs)s (0.03 g, 0.02 mmol), 2,4-
bis((3,7-dimethyloct-6-en-1-yl)oxy)-6-
((trimethylsilyl)ethynyl)-1,3,5-triazine (3) (0.36 g,
0.74 mmol), Cul (0.01 g, 0.04 mmol) and K,COs3
(0.12 g, 0.86 mmol), were dissolve in in 10 mL of
dioxane under argon atmosphere then stirred at
80 °C for 16 hours. (Scheme 3). The solution was
poured into a mixture of ethyl acetate (10 mL) and
water (10 mL). The organic layer after separation
dried with sodium sulfate. Under vacuum, the
solvent was evaporated and the crude product
purified by column chromatography with
hexane/ethyl acetate (2.5% EtOAc) as an eluent
to give light brown with yield (0.25 g, 62%).'H
NMR (500 MHz, CDCl3)(7.58 (m, 3H, Ar-H), 7.4
(m, 3H, Ar-H), 7.22 (m, 6H, Ar-H), 4.9 (s, 6H) , 4.23
(t, 12H, OCH,), 1.84 (m, 18H, CH>), 1.66 (m, 18H,
CHs), 1.5- 1.3 (m, 12H, CHy), 1.25 - 0.86 (m, 36H,
CHy), 0.78 (m, 18H, CHs). *C NMR (171.7, 171.2,
142.5,137.5,136.2. 132.05, 131.14, 127.9, 124.7,
123.6, 121.9, 99.5, 99.3, 82, 67, 41.3, 41.1, 37.2,
35.9, 31.9, 29.6, 29.4, 25.7, 25.4, 22.62, 19.5,
17.6, 14.12, 13.5, 13.19). FT-IR (2966, 2925,
2853, 1732, 1566, 1521, 1501, 1458, 1430, 1411,
1374) cm™l. HRMS: MY caled fOr CiooH126N1206 =
1616. (M+3Na)*ung = 561.98.

2.10. 4-(dodecyloxy) benzoic acid (4-DBA) (8)

4-hydroxy benzoic acid (8.2 mmol), 1-
bromododecane (5.5 ml, 23 mmol, 2.8 eq) and
KOH (1.3 g, 23 mmol, 2.8 eq) were dissolve in (25
ml) of ethanol and reflux for two days (Scheme 4).
The mixture was hydrolysis by adding 10%
aqueous KOH (12 ml) and refluxed overnight. After
cooling down, the reaction mixture was acidified
with HCI (6 M), the precipitate filtered, washed with
water and recrystallized from ethanol to obtain the
pure product 4-dodecyloxybenzoic acid white solid
material with yield (4.55 g, 91 %). *H NMR (500
MHz, CDCls), (6 8.10 (d, 2H), 6.98 (d, 2H),4.07 (t,
2H), 1.84 (m, 2H), 1.48 (m, 2H), 1.37-1.28 (m,
16H), 0.91 (t, 3H). FT-IR (2914, 2848, 2559, 1670,
1604) cm™,

2.11. Synthesis of Organic Salts 9(a,b)

4-DBA mesogenic unit (8) reacted with 7(a-
b) in 10 mL of dry THF with one to one ratio
(Scheme 4). The resulting solution was sonicated
for 15 min until observing a transparent solution.
Then, the solvent was removed in vacuum.

The organic salt (9a). *H NMR (500 MHz, CDCls)
(7.92 (d, 2H), 7.4 (d, 6H, Ar-H), 7.24 (m, 9H, Ar-
H), 6.8 (d, 2H, Ar-H), 4.97 (s, 6H)), 4.2 (t, 12H,
OCHj), 3.8 (t, 2H, OCHy), 1.78 (t, 18H, CHa), 1.6-
1.3 (m, 24H, CH,), 1.1- 0.9 (m, 60H, CH5), 0.78 (m,
18H, CH3). *C NMR (171.7, 170, 165, 163, 132.5,
132.3, 131.3, 131.2, 129, 128, 124, 121.7, 121.3,
114.18, 81.5, 73.8, 68, 66, 42, 41.2, 37.3, 35.6,
32.4, 30.2, 31, 29.9, 29.8, 29.5, 28.8, 26.3, 25.8,
23.3, 22, 19.8, 18.1, 17, 14.6, 12). FT-IR (2916,
2846, 1674, 1603, 1522, 1503, 1459, 1425, 1362,
1335) HRMS= M+calcd for C124H159N909 =1918.23.
(M + 3K)+3found =678.7.

The organic salt (9b). *H NMR (500 MHz, CDCls)
(7.9 (d, 2H, Ar-H), 7.58 (m, 6H), 7.4 (m, 3H), 7.22
(m, 3H), 6.75 (d, 2H, Ar-H), 4.9 (s, 6H), 4.2 (t, 12H,
OCHy), 3.75 (t, 2H, OCHy), 1.78 (t, 18H, CHs), 1.6-
1.3 (m, 24H, CH,), 1.1- 0.9 (m, 60H, CHz), 0.78 (m,
18H, CHg). FT-IR (2923, 2852, 1736, 1567, 1521,
1501, 1458, 1413). HRMS = M%cq for
Ci121H156N1209 = 1921.21. (M+3K)+3found = 680.36
and 679.7.

3. RESULTS AND DISCUSSION:

In this study, six-armed compounds based
on benzene ring as a central core was synthesized
via sonogashira reaction. 1,3,5-trichlorobenzene
and 2,4,6-trichloro-1,3,5-triazine were the starting
material. The intermediate compound 2-chloro-
4,6-bis((3,7-dimethyloct-6-en-1-yl) oxy)-1,3,5-
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triazine was obtained by sequential nucleophilic
substitution of chlorine atoms in cyanuric chloride
and used further in the synthesis of six armed
structures as described in (Scheme 2 - 4). The
obtained compounds were confirmed by
spectroscopic analysis and the organic salts were
investigated by polarized optical microscope
(POM) and different scanning calorimetry (DSC).

The formation of ionic interaction between
the six-armed Tm-conjugated system and the
mesogenic carboxyl group was mainly studied by
FT-IR. The carboxylic peak corresponding to 4-
DBA at 1670 cm™ shifted to 1566cm™ in both
organic salt (9a, 9b). Whereas, the stretching
vibration of the C=C bond in both organic salt
appears at 1675 cm™ and 1635 cm? (Figure 1).
Besides, peaks at 2900 and 2800 cm™ belonging
to hydrogen stretching (Turkcd, 2016).

Also, NMR spectroscopy confirmed the
formation of organic salt (9a, 9b). The signals
belong to the aromatic protons of alkoxy benzoate
unit in both compounds shift to (7.8, 6.7) ppm and
(7.9, 6.75) ppm respectively as compared with the
signals of pure 4-DBA at (8.05, 6.95) ppm, due to
increase in electron density of aromatic ring.
Similarly, the signals of oxymethylene protons of
4-DBA in ion complex shift to higher field 3.8 ppm
and 3.75 ppm as compared with the signals of
pure 4-DBA at 4.05 ppm (Figure 2). Additionally,
the singles of aromatic ring protons in organic salt
(9a, 9b) didn’'t show any shifting due to their
electronic environment did not change. These
changes in chemical shift related to the difference
in electron density after the interaction.

However, the ¥C NMR spectra show that
the carbonyl carbon of 4-DBA shifted from 171.6
to 165.12 ppm, similarity the aromatic carbon next
to alkoxy group of 4-DBA shift slightly from 163.69
to 163.6 ppm These change in chemical shift due
to decrease of electron density after the ionic
interaction (Figure 3). Additionally, the peaks
which belong to triazine ring didn’t show any
shifting.

Additionally, the mass spectrometry of
organic salt (9a) confirmed the molecular structure
by the presence of (M+3K)** at 678.70 peaks,
which correspond to Ci24H150NgOg, similarity the
molecular structure of organic salt (9b) confirmed
by the presence of (M+3K)*3 peaks at 680.36 and
680.03, which correspond to Ci21H156N120g,
(Figure 4).

Compound 4-DBA, which has a terminal
chain, and already shows liquid crystalline, so to
obtain liquid crystlline material for our synthesized
compounds, the equimolar mixture between six-

armed Tr-conjugated system and 4-DBA was
obtained through ionic interaction. Concerning to
4-DBA, upon heating showed three peaks
corresponding to Cr—SmC-N-Iso transitions. On
cooling from isotropic phase, the same behavior of
reverse transitions was observed. In addition to
this, a calorimetric peak corresponding to Cr-Cr
transition at 65.86°C was detected in cooling DSC
thermogram (Kumar, 2010; Pisupati, 2000).

The equimolar mixtures of the organic salt
(9a,9b) based on the benzene core were
investigated by using an optical polarizing
microscope (PM) and differential scanning
calorimeter (DSC). The compounds (9a, 9b) show
one endotherm corresponds to crystal to the
isotropic  (Iso) transition in heating DSC
thermogram. The organic salts (9a, 9b) show no
liquid crystal behavior by an optical polarizing
microscope (PM) observation.

The organic salt (9a, 9b) exhibit a phase
transition sequence of Cr—Col-Iso, which is in
agreement with two endotherms in DSC heating
curves. Compound (9a) on cooling from the
isotropic liquid, exhibited one peak in phase
transition with the dendritic growing texture was
observed between (64-18) °C, whereas compound
(9b) phase transition with the growing dendritic
texture was observed between (71-20) °C, (Figure
5). Both organic salts with multi-side chains, the
differential scanning calorimetry, and optical
polarized microscope showed no liquid crystal
behavior.

4. CONCLUSIONS:

New six arms macromolecular structures
was efficiently prepared which composed of
1,3,5-trichlorobenzene central core, three armed
of 2-Ethynylpyridine (2-Ethynylbenzene), and
three armed of 1,3,5-triazine rings carrying
dodecyloxy chains which are positioned at the
peripheries of the central core by acetylenic
bridges. The six- armed compounds was non
liquid crystal therefore the compounds were
mixed with 4-dodecyloxy benzoic acid to obtain
organic salt. The organic salts, which made
between the Tr-conjugated system and 4-
dodecyloxy benzoic acid were investigated for
their liquid crystal properties by optical polarizing
microscope (POM) and differential scanning
calorimetry (DSC), it's found no liquid crystalline
behaviours even after ionic interaction through
hydrogen bonding. All the synthesized compounds
were confirmed by spectroscopic analyses (**C
NMR, *H NMR, FT-IR, and HRMS).
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Scheme 2. Synthesis of intermediate compound

Reaction and conditions: i) 3,7-dimethyloct-6-en-1-ol (2 eq), K.COs, 0-50°C, 6hr, THF, ii)
Trimethylsilyl acetylene, K>COs, Pd (PPhs)s, Cul, THF, Reflux.

Cl

Cl Cl
Hsl06, Ho,SO, | [ i
—_— —
KIl, 0°C 10min, r.t cl Cl
Cl
4

Scheme 3. Synthesis of six-armed compounds

Reaction and condition: i) 2-Ethynylpyridine (2-Ethynylbenzene), Pd(PPh)4 (0.02), Cul (0.04), EtsN
(3.2 eq), Dioxane, 75 °C, 6 hr. ii) Pd(PPhs)4, Cul, K,CO3, Dioxane, 80°C, 16 hr.
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Scheme 4: Synthesis procedure of organic saly (9a, 9b).
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Figure 1. FT-IR spectra of organic salts (9a, 9b) and benzoic acid (4-DBA).
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Figure 2. The comparison of *H NMR spectra (in CDCls) of organic salts (9a, 9b) and benzoic acid
(4-DBA).
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Figure 3. *C NMR spectra (in CDCls) of compound (7a), organic salt (9a) and benzoic acid (4-DBA).
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Figure 4. HRMS result of organic salt (9a, 9b).
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Figure 5. Optical textures of organic salt (9a (left), 9b (right)) as observed between crossed
polarizers in an ordinary glassplates. C) A typical texture of smectic C mesophase of compound 4-
DBA.

Table 1. Mesophases and phase transition temperatures as observed on heating (H—) and cooling
(«—C) and corresponding transition enthalpies of organic salts (9a, 9b) and 4-DBA

Comp. T/°C [AH kJ/mol]
4-DBAP H — : Cr99.98 [39.01] SmC 132.43 [2.39] N 138.42 [2.05] Iso
0OS (9a) H —: Cr52[170.46], Col 81.53 [22.4] IsO
Cr 16.30 [142.59] Col 69 [11.2] Iso: < C
OS (9b) H —: Cr25.2[190.46], Col 78.4 [19.4] Iso
Cr 18.2[182.73] Col 64 [13.2] Iso : — C

2Perkin-Elmer DSC-6; enthalpy values in italics in brackets taken from the 1%
heating and cooling scans at a rate of 10 °C min!; Abbrevations: Cr =
crystalline, SmC= tilted smectic phase, N= nematic phase; Col= columnar
mesophase, Iso = isotropic liquid phase.
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RESUMO

O pensamento critico € a capacidade de pensar racional e reflexivamente sobre o que deve ser feito ou
acreditado. Essa habilidade permite tomar decisdes l6gicas, com base nas informacgdes obtidas e processadas
de acordo com a habilidade. O desenvolvimento de habilidades de pensamento critico na aprendizagem é
importante porque permite que os alunos lidem efetivamente com problemas sociais, cientificos e praticos.
Portanto, esta pesquisa teve como objetivo descrever a efetividade da aprendizagem baseada em problemas
para melhorar as habilidades de pensamento critico dos alunos para lidar com informagfes fraudulentas em
guimica. Esta pesquisa foi realizada utilizando um grupo controle e outro experimental. Os dados foram coletados
de 60 alunos do 11° ano do ensino médio da provincia de Lampung, na Indonésia, e analisados pelo SPSS
versdo 23.0. A efetividade da aprendizagem baseada em problemas foi mensurada com base no ganho n. O
valor de ganho n das classes experimental e controle foi de 0,709 (alto) e 0,332 (médio), respectivamente. Os
resultados indicaram que a aprendizagem baseada em problemas facilitou e é eficaz para melhorar as
habilidades de pensamento critico dos alunos.

Palavras-chave: habilidades de pensamento critico; informac¢des fraudulentas; aprendizagem baseada em
problemas; aprendizagem pratica

ABSTRACT

Critical thinking is the ability to think rationally and reflectively about what must be done or believed. This
skill allows one to make logical decisions based on information obtained and processed according to ability. The
development of critical thinking skills in learning is essential because they enable students to deal effectively with
social, scientific, and practical problems. Therefore, this research aimed to describe the effectivity of problem-
based learning to improve students’ critical thinking skills to deal with hoax information in chemistry. This research
was carried out through the control and experimental groups. Data were collected from 60 the 11t-grade students
of the State High School in Lampung Province, Indonesia, and analyzed by using SPSS version 23.0. The
effectivity of problem-based learning was measured based on the n-gain. The n-gain value of experimental and
control classes was 0.709 (high) and 0.322 (medium), respectively. The results indicated that problem-based
learning has facilitated and effective to improve students’ critical thinking skills.

Keywords: critical thinking skills; hoax information; problem-based learning; hands-on learning
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1. INTRODUCTION:

The world is now in the era of the industrial
revolution of 4.0. In this era, there was a rapid
development of science and technology, both
censorship, interconnection, and data analysis,
thus bringing up ideas to be integrated into various
fields of industry. Due to the fast development of
science and technology, the problems faced are
increasingly numerous and complex. On the other
hand, the 4.0 industrial revolution will affect not
only the industry, but also the labor market (Van
den Bergh et al., 2006; Lowden et al., 2011;
Danczak, Thompson, and Overton, 2020).
Workforce needs have been transformed from
routine work to shift to non-routine work (Trilling
and Fadel, 2009). Because of this, a problem
solver is needed to overcome them.

As a problem solver, knowledge alone is
not enough to deal with increasingly complex
problems in the current disruptive era. The
contemporary job market demands the production
of someone who can work in a disruptive and ill-
defined environment, face non-routine and
abstract work processes, make decisions, take
responsibility, and work in teams (Van den Bergh
et al., 2006; Baygin et al.,, 2016; Diawati et al.,
2017; Diawati et al., 2018; Fadiawati, Diawati, and
Syamsuri, 2019). This ability is related to skills
demanded in the 21st century, one of which is
critical thinking skills (CTS).

Critical thinking (CT) is rational and
reflective thinking with an emphasis on making
decisions about what to believe and do (Norris and
Ennis, 1989). Based on the Delphi Report, CT is
self-regulation in deciding which has goals that
produce interpretations, analyzes, evaluations and
inferences as well as concrete, conceptual
explanations, as well as having methods, criteria
or contextual considerations on which these
decisions are based (Facione, 1990; Dwyer,
Hogan, and Stewart, 2014; Stephenson and
Sadler-McKnight, 2016).

The development of CTS has been the
main focus of several researchers (Halpern, 2014;
Moore, 2015; Butler and Halpern, 2020; Danczak,
Thompson, and Overton, 2020). CTS is important
because they enable students “to deal effectively
with social, scientific, and practical problems”
(Shakirova, 2007). Some cognitive psychology
researchers report that CTS could be developed
within a variety of discipline areas to make
knowledge retrieval easier. McMillan (1987)
argued that standalone and integrated courses
were equally successful in developing CTS. On
the other hand, Ennis (1990) accepted that CTS

also could be effectively improved with or without
discipline-specific areas. Davies (2013) agreed
that CTS is a fundamental skill at the basis of all
disciplines of knowledge. CTS can be a need to
accommodate the discipline-specific needs in
higher education. CTS could be transferred to
situations encountered in daily life (Butler and
Halpern, 2020); one of them is about hoax
information circulating through social networks.

Facebook, Youtube, WhatsApp, dan
Instagram are social networks that are widely
accessed by internet users. Among social
networks, Facebook users number 2.414 billion,
while Youtube with 2 billion active users,
WhatsApp users number 1.6 billion, and
Instagram with 1 billion active users (Clement,
2020). Fellow social networks users share a
variety of news broadcasts dan information. Other
users can quickly see both.

However, not only real news and
information but also fake and mislead (hoax) news
and information shared. Hoax information was
made based on individual opinions that cannot be
accounted for, and they shared in a chain through
social networks. Related to circulating hoax
information, CTS is needed in media literacy.
Some learning models which suggested to
developing CTS in chemistry are problem-based
(Kek and Huijser, 2011; Martyn et al., 2014), open-
ended practical (Klein and Carney, 2014), and
inquiry (Gupta et al., 2015).

In this article, it is described the results of
developed CTS dealing with hoax information by
using problem-based learning (PBL). Fogarty
(1997) defines PBL as a learning model that deals
with real-life or real-world problems that are ill-
structured, open-ended, and ambiguous. In these
learning, students are faced with hoax information
problems related to some food and drinks
circulating through social networks. For example,
hoax information received by the public is related
to noodles and carbonated water. Based on
information flowing, noodles and carbonated water
are considered poisonous and dangerous. This is
because if noodles with iodine drop, they will turn
purple. On the other hand, carbonated water
contains high levels of acid so that it can dissolve
bones and teeth.

This corresponds with the outbreak of hoax
information in Indonesia has become a national
problem. The survey results of the Indonesian
Telematics Society (2019) that a variety of hoax
information that is often accepted by the public.
Some of them are issues about health by 40.70%,
issues about food and drinks by 30.00%, and
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issues about science and technology by 20.00%.
As a result of the circulation of the hoax
information, the community became restless and
was overtaken by excessive fear (Zuria and
Suyanto, 2018). On the other hand, noodles and
carbonated water producers suffer losses due to
competition and trademark pollution (Apriyani,
Fadiawati, and Syamsuri, 2017).

Furthermore, based on the hoax
information in circulation, students look for
information from reliable sources, conduct

investigations, and use their knowledge and to be
analyzed and confirm whether the information can
be trusted or not. Therefore, this research aimed
to describe the effectivity of PBL to improve
students’” CTS to deal with hoax information in
chemistry.

2. MATERIALS AND METHODS:

This research is a quasi-experimental and
carried out in the State High School in Lampung
Province, Indonesia, by using nonequivalent
control-group design (Creswell and Creswell,
2017). The population of this research is the 11'"-
grade students totaling 200 students. By using
purposive sampling obtained 60 students, and
every one declares to agree to participate in this
research. Furthermore, students are grouped into
experimental and control classes. Purposive
sampling is done with consideration to obtain
samples with the same or relatively similar
characteristics based on prior information of a
population (Fraenkel, Wallen, and Hyun, 2011).

Before the intervention, both the
experimental and control classes were given
pretest Norris-Ennis’s CTS in the form of open-
ended questions (Appendix 1). Next is the
intervention stage by applying PBL in the
experimental class and conventional learning in
the control class.

Learning begins by orienting students to
the hoax information problems. In the organized
students' phase, students are asked to gather
information related to the problem. Furthermore,
students make investigation design and apply it to
confirm whether or not the hoax information is
being faced. Data obtained are then presented. In
the last phase, students will be asked and
answered on the work between groups to bring up
various opinions or ideas. The learning process is
guided by student worksheets to match the PBL
syntax. During the learning process, student
performance is also assessed. At the end of the
learning, both classes were given a post-test
Norris-Ennis’s CTS in the form of open-ended

guestions.

Statistical testing with SPSS version 23.0
was carried out on the results of the pretest
through normality (One Sample Kolmogorov-
Smirnov’'s Test), homogeneity of variance
(Levene’s Test), and independent sample t test .
Increasing the score of each class (n-gain) also
statistically tested through normality and One Way
ANOVA. The n-gain categorized as high, medium,
or low (Hake, 1998).

3. RESULTS AND DISCUSSION:
3.1. Results

Average scores of the pretest and post-test
students’ CTS were presented in Figure 1. Table
1 informed the results of the statistical analysis of
the pretest score where the significance value (sig.
> 0.05) indicates that average scores of the pretest
come from populations that were normally
distributed and have homogeneous variances.
Based on the significance value (sig. > 0.05) on
the independent sample t-test results obtained
information that there was no difference between
average scores of the pretest in the two classes.
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Figure 1. The average scores of pretest and
post-test students’ CTS.

The average n-gain of the experimental
and control classes was presented in Figure 2.
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Figure 2. The average n-gain students’ CTS.

Based on Table 2, normality test results for
n-gain indicate that the significance value obtained
(sig.) was greater than 0.05. This indicates that the
average n-gain of CTS comes from a normally
distributed population. One Way ANOVA test
results show the significance value obtained was
less than 0.05. Thus it could be said that there is a
difference between the average n-gain of CTS
between the experimental and control classes.
Based on the significance value (sig. <0.05) on the
independent sample t-test results obtained
information that n-gain average of the
experimental class was higher than the control
class.

3.2. Discussion

The above description informs that the PBL
model was effective in improving students’ CTS
compared to conventional learning. Students’ CTS
were trained at each stage of problem-based
learning guided by student worksheets.

3.2.1 Phase 1, Student Orientation to the Problems

At this phase, students were faced with a
problem related to hoax information circulating in
the community packaged into the discourse. The
discourse contains information that instant
noodles contain poisons that harm the body. If
noodles with iodine drop, they will turn purple. In a
different discourse also informed that carbonated
water contains acids that can clean the toilet and
iron rust. When taken by mouth, the acid content
is illustrated will mix and react with gastric acid in

the stomach. This makes people who used to
consume both noodles and carbonated water
uneasy. Regarding their information and
understanding of discourse were presented in
Figures 3 and 4 (the authentic source was
availabled in Appendix 2). Based on this, this
phase trains students’ CTS.

Q: What information do you know based on
the discourse above?

A: 1) Instant noodles contain free radicals which
are proven by changes in color when dipped
in iodine solution
2) Instant noodles are dangerous because
they are made from chemicals

Q: What information do you not know based
on the discourse above?
A: The content of instant noodles

Figure 3. Students’ understanding of the
discourse of the danger of noodles.

Q: What information do you know based on
the discourse above?

A: 1) Carbonated water are dangerous to
consume because they contain acids that can
clean iron rust and toilets
2) Carbonated water added to glasses filled
with clear liquid turn into chocolate foam, it is
possible the same thing happens in our
stomach

Q: What information do you not know based
on the discourse above?
A: The content of carbonated water

Figure 4. Students’ understanding of the
discourse of the danger of carbonated water.

After students understand the problem
critically, students were asked to formulate the
main questions critically. Based on discourse,
students should first consider the truth of the
information. In the 1% worksheet, several students
wrote question statements that do not fit the
content of the discourse. A similar thing happened
in the 2" worksheet. Some students were not
confident and were doubtful about the formulation
of the questions they asked. The following were
some of the questions written by students in
Figures 5 and 6 (the authentic source was
available in Appendix 2).

In learning, the formulation of the main
gquestions raised was not appropriate to the
problems listed in the discourse. Related to this,
the teacher guided the students to determine the
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main question of the air following late to the
content of the discourse. Based on the direction
was given by the teacher, students improved the
statement of question formulation in the 1t and 2"
worksheets, as shown in Figure 7 and Figure 8
(the authentic source was available in Appendix
2).

Question Statement

1) Why instant noodles are still being sold in the
market?

2) Why did the instant noodles dip in iodine
solution turn purple?

Figure 5. Question statement in the 1 worksheet
is not appropriate to the content.

Question Statement

1) Why carbonated water are still being sold in
the market?

2) Why carbonated water can be used to clean
toilets?

Figure 6. Question statement in the 2™
worksheet is not appropriate to the content.

Question Statement

1) Is it true that instant noodles are dangerous if
consumed?

2) What are the ingredients of instant noodles?

3) Why do instant noodles turn purple when
dipped in an iodine solution?

4) What chemicals are contained in instant
noodles?

5) Do instant noodles contain free radicals?

Figure 7. Question statement in the 1%
worksheet, which has been fixed.

Question Statement

1) Is it true that carbonated water are harmful to
the body?

2) lIs it true that information that carbonated
drinks can be used to clean toilets?

3) What are the compositions contained in
carbonated water?

4) Why carbonated drinks can clean iron rust?

5) What acid compounds are contained in
carbonated water?

Figure 8. Question statement in the 2"
worksheet, which has been fixed.

Based on the improvement of the question

statement raised information obtained that
students could critically determine the problems
that exist in the discourse. Besides, students were
increasingly skilled in making questions related to
discourse.

In this study, the skills to understand the
problems given critically could be said to increase.
An increase in skills to understand the problem
critically was also supported by student activities
in learning. Students were frequently seen asking
guestions and giving their opinions. Therefore,
PBL could increase information literacy, one of
which was identifying issues or problems faced
(Chu, Tse, and Chow, 2011).

3.2.2 Phase 2, Organize Students

To answer the questions that have been
asked, students were asked to gather information
from various sources relevant to the discourse. In
its completion, students were guided by an
assignment sheet. There were two activities,
namely defining the problem and organizing
learning tasks related to discourse, as well as
gathering appropriate information so that they can
submit hypotheses. Students in groups were given
three days to define the problem and collect
information along with the source. The same thing
was done in the 2" worksheet.

By teacher’s guide, students answered the
formulation of questions by finding and gathering
information related to the problem, including: (1)
the content contained in instant noodles and
beverage drinks; (2) information about the color
changes that occur in instant noodles after dipped
in a solution of iodine and pH in carbonated drinks;
(3) information about any food ingredients that
have a content that is not much different from
instant noodles or drinks or solutions that have a
pH not much different from carbonated drinks.
Through these activities, students were expected
to be able to sort out relevant and trusted
information in  solving problems carefully.
Accordingly, this phase trains the skills to gather
relevant information. The results of the
assignments were presented in Figures 9 and 10
(the authentic source was available in Appendix
2).

During these activities, students were
asked to report the results of the task to the
teacher periodically. The teacher evaluated the
assignment and given direction when there was
less relevant information, and the source was not
credible. For this advice, students made
improvements and obtain information on the 1%
worksheet, among others: (1) the content
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contained in instant noodles, (2) the content
contained in the iodine, (3) carbohydrate testing,
and (4) the cause of the occurrence discoloration
of instant noodles after dipping the solution of
iodine. On the other hand, information obtained in
the 2" worksheet includes: (1) the content
contained in carbonated water, (2) the acidity of
carbonated water, (3) buffering solutions in the
blood, and (4) metal corrosion.

Assignment Sheet

Q: Find information from various sources
regarding the content of instant noodles!

A: content of instant noodles: carbohydrates, fats,
proteins, cholesterol, sodium, vitamins,
calcium, iron

Q: Find information from various sources
regarding the color change in iodine-
dripped instant noodles!

A: discoloration of instant noodles that are
dropped with iodine indicates carbohydrate
content

Q: Find information from various sources
about some food ingredients that have the
same content as instant noodles!

A: rice, bread, corn, potatoes

Figure 9. Information obtained by students
related to instant noodles.

Assignment Sheet

Q: Find information from various sources
regarding the composition of Cola!

A: content of cola: carbonated water, sugar,
caramel coloring, phosphoric acid, caffeine,
citric acid

Q: Find information on the pH of carbonated
water!
A: Carbonated water has a pH = 3

Q: Find information on types of drinks or
solutions whose pH is the same as
carbonated water!

A: lime juice, vinegar, tamarin juice, lemon juice

Figure 10. Information obtained by
students related to carbonated water.

Based on observations, at first, students
still found it difficult to sort out credible and

relevant information, especially if it was connected
with chemical material. Most of the students'
answered contain general things and not following
the learning objectives, as well as information
questions about food in the form of
macromolecules that are absorbed by the
nutritional content, students answer “protein and
carbohydrate” without knowing that there are still
many nutrients that are absorbed by the body. This
might be due to a lack of understanding of
problems and questions and accustomed to taking
information from web blog sources, news, or
literature whose clarity has not been proven.

To overcome this, a discussion was held
for 25 minutes, in turn, eight groups consulted
about students' answers with the teacher, so that
information was obtained following problem-
solving. In consultation activities, the teacher
directed students’ answers to solutions related to
chemical materials, and the answers obtained
were the nutrient content absorbed by the body,
including “glucose, amino acids, vitamins and
minerals, and water.” To convince students, then
the teacher invited students to conduct a literature
study on other people's research related to the
nutrient content absorbed by the body. This
activity could indirectly train students’ CTS,
especially on indicators considering the credibility
of the source.

CTS could be done by figuring out what to
believe or what to do and doing it reflectively and
reasonably (Ennis, 1990). Therefore, to obtain
reliable information, students must conduct
investigative activities to obtain appropriate
conclusions so that meaningful construction of
knowledge does not occur.

3.2.3 Phase 3, Individual and Group Research
Guide

In the 1% worksheet, an experiment was
carried out on a carbohydrate test on several foods
with a solution of iodine. Investigation activities
require students to be actively involved and train
students in their opinions to get explanations and
problem-solving. Something that is not much
different was done in the 2" worksheet regarding
the removal of rust on iron with a solution or drink
that has the same pH or almost the same as
carbonated water.

Before investigation activities were carried
out through experimental activities, students were
required to make experimental designs. The
intended experimental design includes: (1)
identifying variables; (2) controlling variables; (3)
compile experimental procedures; (4) identifying
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tools and materials used; and (5) design an
observation table (Fadiawati and Syamsuri, 2016;
2018). The experimental design was then
consulted with the teacher. Based on the direction
given by the teacher, students improved the
design of the experiment.

Furthermore, students conducted
experiments based on the results of experimental
designs. In the 15 worksheet, students were asked
to compare colors in instant noodles before and
after dipping in iodine solution. In the 2"
worksheet, students were directed and guided to
conduct experiments, ranging from measuring the
volume of each solution as much as 10 mL, match
by using universal indicators, comparing the
amount of rust on nails that have been immersed
in each solution for 10 minutes. Investigative
activities through practicum make the learning
process of students more meaningful (Hodson,
1990; Garnett, Garnett and Hacking, 1995;
Hofstein and Lunetta, 2004; Hofstein and Mamlok-
Naaman, 2007; Abrahams and Millar, 2008).

Faced this situation, students were
required to be critical and careful in observing
each process and the results obtained during the
experiment to be able to conclude precisely and
reasonably. On the other hand, through this
activity students will get used to working together
in groups so that it will foster a disciplined, honest,
and thorough attitude in conducting learning
activities and group discussions. Diawati et al.
(2018) suggest that when students are assigned
to work on worksheets and undertake learning
activities and group discussions, students practice
working together between group members to
discuss the tasks contained in worksheets.
Through this group discussion, students exchange
opinions, assess the views of friends regarding
problems correctly.

3.2.4 Phase 4, Develop and Present the Work

After conducting an investigation and
experiment, students were then asked to develop
and present their work in the form of observations
during the experiment which are then submitted to
the teacher. Furthermore, students wrote the
experimental data, answered questions that were
challenging related to the experimental data to be
able to develop ideas or ideas by linking the results
obtained during the experiment with various
information that they have obtained from various
sources, and reported the solution obtained as a
work.

In the initial phases of developing and
presenting the results of an experiment, students
have not been very active in discussions to

analyze the results of experiments and draw
conclusions. To overcome this, the teacher
provided guidance and checks the work of
students in each group if there are difficulties. At
the next meeting, it was seen that students were
increasingly actively discussing and even asking
critical questions to the teacher. Students'
inference skills have improved.

In this condition, when students were
assigned to work on a worksheet with their study
groups, students practiced being able to work
together between group members to discuss the
tasks contained in worksheets. Through
discussion  activities, students exchanged
opinions, assess the opinions of friends, or reject
or accept the opinions of friends so that they are
expected to be able to give the right conclusions.
Thus, student activities in doing assignments,
working together, and discussing supported the
improvement of students’ CTS.

Syamsuri and Fadiawati (2019) revealed
that inference means identifying and obtaining the
elements needed to draw acceptable conclusions.
Inference skills can be trained in the stage of
developing and presenting work. At this stage
students also do information processing to find the
linkage of one information with other information,
so students can conclude the linkages of that
information.

3.2.5 Phase 5, Analyze and Evaluate the Problem-
Solving Process

In the last phase, student learning
outcomes were evaluated in terms of the material
learned and ask each group to communicate their
work. In this way, students will be asked and
answered on the work between groups to bring up
various opinions, or ideas, such as the use of used
plastic cups instead of chemical cups. Thus they
will be understood the problem more deeply and
can be developed ideas more broadly.

Through PBL, students were trained to be
able to formulate the main questions. Students
were also required to gather the information
needed to confirm the truth of information
circulating based on discourse. In searching for
information, students were trained to choose
sources that are relevant and credible, so that the
information they get could be trusted, and then
students can make inferences (Syamsuri and
Fadiawati, 2019). Through investigation activities,
students could determine what actions should be
taken to confirm the truth of information circulating
based on discourse. In presenting the work, could
bring up various ideas. Students were also able to
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communicate their work to others. With this
learning phase, students' CTS could certainly be
trained (Dehkordi and Saeed, 2008; Fadiawati,
Diawati, and Syamsuri, 2019; Hung and Amida,
2020).

4. CONCLUSIONS:

By using PBL to deal with the circulating
hoax information, students look for information
from reliable and credible sources, conduct
investigations, and use their knowledge and to be
analyzed and confirm whether the information can
be trusted or not. Additionally, the n-gain value of
the experimental class in high categorized, while
the n-gain value of the control class in medium
categorized. Therefore, it could be said that PBL
applied in this research has facilitated and
effective in improving students’ CTS.
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Table 1. Statistical testing result of average score of the pretest

Experimental Class

Control Class

Normality test

Kologorov-Smirnov Z

Significance value

0.125
0.200

0.155
0.063

Homogeneity test

F value 1.059
Significance value 0.308
Independent sample t-test

t value -0.255
Significance value 0.800

Table 2. Statistical testing result of average n-gain

Experimental Class

Control Class

Normality test

Kologorov-Smirnov Z
Significance value

0.138
0.147

0.104
0.200

One way ANOVA test

F value 114.636
Significance value 0.000
Independent sample t-test

t value 10.707
Significance value 0.000
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APPENDIX 1
Pretest Questions

DISCOURSE 1
Read the following discourse to answer the questions below!

Have you ever seen a viral video on Youtube (https://www.youtube.com/watch?V=dUGndfBS5Fk)
about an experiment of instant noodles with iodine drop? What will happen after a few minutes? It
turns out that instant noodles immediately change color to purple.

The following information is obtained from Facebook
(https:/iwww.facebook.com/91201988700/posts/temanstaukah-kalian-kalau-mie-instan-mandung-
radikal-bebas-yang-sangat-berbah/10153784538233701/) In the news was informed that instant
noodles contain free radicals which are very dangerous for the body. This is proven by dipping instant
noodles in the iodine solution. The result is a color change in instant noodles to purple. The change in
color indicates that instant noodles contain negative toxins derived from chemicals.

Based on this discourse, answer the following questions!

1. CTSindicator: understanding the problems critically.
Do you believe the information in the discourse above? Explain with reasons!
2. CTSindicator: making the questions.
Ask guestions related to the discourse above, regarding:
a. main question
b. questions besides the main questions
3. CTS indicator: collecting and considering the pieces of information.
What information do you need to answer the questions you ask

DISCOURSE 2
Read the following discourse to answer the questions below!

Coke Cola is a carbonated drink that tastes good when thirsty. Almost all people like this drink. But
lately, there has been information circulating on social media such as Youtube, Whatsapp, Facebook,
Twitter, and Instagram that illustrates the dangers of carbonated drinks when mixed with stomach
acid. On social media Youtube (https://www.youtube.com/watch?v=ISGJKAL1T8fY), a video is
displayed when a colorless liquid in a glass container is added with carbonated drinks. When the two
are mixed, it turns out to react to form a blackish-brown froth which over time looks solid. The
uploader of the video illustrates the same thing would happen if carbonated drinks in the stomach
were mixed with gastric acid.
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COKE REACTS | COKE REACTS
il

There are also other videos on social media Youtube (https://www.youtube.com/watch?v=Zj1MXEZ-
90M) that shows the use of carbonated drinks as a toilet cleaner. On social media Youtube
(https:/iwww.youtube.com/watch?v=KYcVJt6_cSQ) also shows videos related to the use of carbonated
drinks to clean iron rust. The use of carbonated beverages as a toilet cleaner and iron rust is associated
with the acid content in the drink.

The videos then spread sequentially through Whatsapp, Facebook, Twitter, and Instagram. The
distribution of the videos is accompanied by information that illustrates the dangers of carbonated
drinks. As a result, many people assume that carbonated cola drinks are very dangerous for the body
because they are made from hazardous chemicals.

Based on this discourse, answer the following questions!

4. CTS indicator: understanding the problems critically.
Do you believe the information in the discourse above? Explain with reasons!
5. CTS indicator: making the questions.
Ask questions related to the discourse above, regarding:
a. main question
b. questions besides the main questions
6. CTS indicator: collecting and considering the pieces of information.
What information do you need to answer the questions you ask
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APPENDIX 2
The authentic source of Figures 3 to 10
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Source for Figure 6
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Lembar Penugasan

Carilah informasi mengenai komposisi dari minuman bersoda j

enis cola dari

berbagai sumber!
karame ! ’

A karbonase , §ulo, peworna

ACam posfat, kofe,m . asam Setrat .

Carilah informasi mengenai pH minuman bersoda!

2.

po =

3. Carilah informasi minuman atau larutan yang memiliki pH sama dengan pH

minuman bersoda! Minimal 3 jenis minuman!

~ Air Jervle Nipie

— Aom Coka
— M ACQrn dOu.AJO\—
- A lemob

Source for Figure 10

Periédico Tché Quimica. ISSN 2179-0302. (2020); vol.17 (n°35)
Downloaded from www.periodico.tchequimica.com

134



-PERI()DICO TCHE QUIMICA

ARTIGO ORIGINAL

ANALISE DE FACIES E ARQUITETURA DE SEQUENCIA ESTRATIGRAFICA EM UMA
BACIA DE ARCO TRASEIRO NO IRA CENTRAL: UM ESTUDO DE CASO DO MIOCENO
INICIAL DA FORMACAO QOM

FACIES ANALYSIS AND STRATIGRAPHIC SEQUENCE ARCHITECTURE IN A BACK-
ARC BASIN IN CENTRAL IRAN: A CASE STUDY FROM THE EARLY MIOCENE OF THE
QOM FORMATION

G5 Ol 3 281y AlaS Cudy ddaga 3 Gagra Jalg) Qo b pB Al il (5 G40 gl 9 o bl Sl

HASSANZADEH, Sara'*; ADABI, Mohammad Hossein?; KOHANSAL GHADIMVAND,
Nader!; JALALI, Mahmood3; ARIAN, Mohammad Ali*.

L4 |slamic Azad University, North Tehran Branch, Faculty of Science, Department of Geology, Tehran, Iran

2 Shahid Beheshti University, Faculty of Earth Science, Department of Sedimentary basins and Petroleum,
Tehran, Iran

3 National Iranian Oil Company, Exploration Directorate, Tehran, Iran

* Corresponding author
e-mail: m-adabi@sbu.ac.ir

Received 22 February 2020; received in revised form 11 May 2020; accepted 14 June 2020

RESUMO

Os depdsitos marinhos da Formacdo Qom, que é um importante reservatério de gas no Ird Central com
a idade do Oligoceno Inicial ao Mioceno Inicial, sdo estudados para determinar facies, paleoambiente sedimentar
e seqliéncias deposicionais. A litologia primaria é o calcario, que é acompanhado por um conglomerado, marga
arenosa, marga e calcario arenoso. Com base no conteudo siliciclastico, na analise textural e nos constituintes
biéticos, dez facies foram identificadas. Essas facies pertencem a cinco locais deposicionais, incluindo delta,
enseada de maré, lagoa, cardume e mar aberto. De acordo com a auséncia de recifes de barreira continuos e
grandes, variacao vertical gradual das facies do ambiente de transi¢éo (delta) para o mar aberto raso, a auséncia
de gréos oncoides, pisoides e agregados que estdo principalmente presentes em ambientes com prateleiras de
carbonato com aros, a auséncia de calciturbiditos e estruturas de queda e deslizamento, a Formacao Qom foi
depositada em uma rampa homoclinal (rampa interna, média e externa). Estudos de campo e arquitetura de
variacao vertical de facies no ambito de sistemas deposicionais levaram ao reconhecimento de duas sequéncias
deposicionais de 32 ordem no tempo do Mioceno Primitivo (Aquitaniano). Facies sedimentares na Formagao Qom
que ocorreram principalmente no meio da rampa revelam um padréo de empilhamento principalmente agregado
nas sequéncias deposicionais. A arquitetura estratigrafica das sequéncias do Mioceno Primitivo da Formagéao
Qom, com base em graficos de correlacéo, € semelhante as sequéncias regionais da placa da Arabia e da bacia
de Zagros.

Palavras-chave: Facies, Paleoambiente sedimentar, Estratigrafia de sequéncias, Aquitaniano, Formacdo Qom

ABSTRACT

Marine deposits of the Qom Formation, which is an important gas reservoir in Central Iran with the age of
Early Oligocene to Early Miocene, is studied to determine facies, sedimentary paleoenvironment, and depositional
sequences. The primary lithology is limestone, which is accompanied by a conglomerate, sandy marl, marl, and
sandy limestone. Based on siliciclastic content, textural analysis, and the biotic constituents, ten facies have been
identified. These facies belong to five depositional settings, including delta, a tidal inlet, lagoon, shoal, and open
marine. According to the absence of continuous and large barrier reefs, gradual vertical variation in facies from
the transitional environment (delta) to shallow open marine, the absence of oncoid, pisoid and aggregate grains
that are mostly present in rimmed carbonate shelf environments, the absence of calciturbidites and slump and
slide structures, the Qom Formation has been deposited in a homoclinal ramp setting (inner, middle and outer
ramp). Field studies and vertical facies variation architecture in the framework of depositional system tracts led to
the recognition of two 3rd order depositional sequences in the Early Miocene (Aquitanian) time. Sedimentary
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facies in the Qom Formation that mainly occurred in the middle ramp setting reveal a mostly aggredational
stacking pattern in depositional sequences. The Early Miocene sequences stratigraphic architecture of the Qom
Formation based on correlation charts are similar to the regional sequences of the Arabian plate and Zagros
basin.

Keywords: Facies, Sedimentary paleoenvironment, Sequence stratigraphy, Aquitanian, Qom Formation
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1. INTRODUCTION:

Tectonic activities cause the on-going
volcanism during the Late Eocene in Central Iran.
These activities led to a regional unconformity in
the base of Oligocene deposits (Stocklin and
Setudehnia, 1991). This unconformity is overlain
by evaporitic and siliciclastic deposits of the Lower
Red Formation formed by Late Eocene and Early
Oligocene epirogenic movements in Central Iran.
Following these marine deposits of the Qom
Formation, which is a crucial gas reservoir in
Central Iran, is formed with raising of sea-level and
a transgression in the Early Oligocene Sea, which
lasts till the Early Miocene (Dozy, 1955). The Qom
Formation marl, limestone, and siliciclastic rocks
have been overlain and underlain with an
unconformity by continental deposits of the Lower
Red and Upper Red formations, respectively
(Stocklin and Setudehnia, 1991; Reuter et al.,
2009). The well-known fractured reservoir of the
Asmari Formation is isochronous with the Qom
Formation (Motiea, 1993).

No type section has been introduced for
the Qom Formation, but a type area has been
defined for this formation in the Qom Plain in
Central Iran microplate (Aghanabati, 2011). In
Central Iran, the Qom Formation is deposited with
variation in lithostratigraphy, biozone, and
microfacies characteristics. The Qom Formation is
Oligocene-Miocene in age, based on larger
benthic foraminifera biostratigraphy by Yazdi-
Moghaddam (2011).

A stratigraphic sequence correlation

between the Qom Formation succession and its
comparison with isochronous formations in
adjacent areas can explain the depositional model
and transgression of the Tethyan Seaway in
Central Iran. Since the Qom Formation is a gas
reservoir formed in a back-arc basin, this study
can help to understand the characteristics of these
deposits in the Middle East.

Biostratigraphy of the Qom Formation in
this study has been reported as the Lower Eocene
age (Aquitanian) by Maghfoori-Moghaddam and
Yasboulaghi (2015). The purpose of this research
is to describe the depositional setting of the Qom
Formation, sequence stratigraphy, and its
correlation with the Oligocene-Miocene Asmari
Formation in the Zagros Basin.

2. GEOLOGICAL SETTING AND LOCATION
OF THE STUDY AREA:

The final collision of the African-Arabian
Plate with the Iranian plate, which began in the
Mesozoic, formed the microplate of Central Iran
(Coleman-Sadd, 1982). The closure of the
Neotethys during the Miocene time was the result
of the collision of these plates (Harzhauser and
Piller 2007, Reuter et al., 2009). This collision has
also formed the Sanandaj—Sirjan Basin (a fore-arc
basin), Urumiehh—Dokhtar magmatic arc (an intra-
arc basin), and the Qom Basin (a back-arc basin)
as a result of the Zagros oceanic crust (Neotethys)
and southwestern Iranian cratonic plate
subduction at the north-eastern margin of the
Neotethys on the Iranian Plate (Figure la). A
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volcanic arc system that developed during the
Eocene series has separated these basins
(Stocklin and Setudehina, 1991). Thus, during the
Late Oligocene-Early Miocene, the Qom
Formation was deposited in this back-arc basin in
the central and northern part of the central Iran
microplate (Berberian, 1983). The age, thickness,
and lithology of the Qom Formation vary in
different sections. These are caused respectively
by (1) marine transgression of the Neoethys in the
Iranian Plate started from the southeast and
continued northwestward gradually, and (2)
various positions of the Qom Formation within the
Qom back-arc basin (Schuster and Wielandt
1999). Furthermore, the thickness and lithofacies
variations seen within the Qom Formation may
have controlled regional faults and subsidence
and uplift in the Qom basin (Nogol-e-Sadat, 1985).

In this research, two sections have been
investigated in the northwestern margin of the
back-arc basin of the Qom Basin in Markazi
Province. The study sections include Ashtiyan and
Kordijan, which are located in north and northeast
of Ashtiyan, about 67 km north of Arak City in
central Iran (Figure 1b). The Ashtiyan section at
the geographic location of 34°32'45"N and
50°01'18"E and the Kordijan section occurred at
34°38'09"N and 50°07'23"E are examined in detall
for sedimentological investigation. In these
sections, thick to medium and thin-bedded
limestone with a few argillaceous limestone beds
and marl formed the main lithologies. Some units
consist of conglomerate, sandy marl, and sandy
limestone that are minor lithologies. In both
sections, the Qom Formation is unconformably
underlain by the Oligocene Lower Red Formation
and overlain by the Miocene Upper Red Formation
(Figure 1c and Figure 2).

3. MATERIALS AND METHODS:

The complete sections of the Qom
Formation in Ashtiyan and Kordijan were
measured and sampled in the Ashtiyan area in
north of Markazi Province. In the Kordijan section,
with a thickness of 94 m, thirty-four samples have
been collected. The thickness of the Ashtiyan
section is 103 m, and 25 samples have been
studied. The classification of the carbonate rocks
is based on Dunhan (1962). The siliciclastic rocks
follow the nomenclature of Folk (1980). The
composition percentage of allochems in
sedimentary rocks is based on the Bacelle and
Bosellini (1965) visual diagrams. Samples are
stained by potassium ferry-cyanide and alizarin
red-s to distinguish carbonate minerals (Dickson,
1965). Facies classification and their

environmental interpretation are based on textural
features, fabric, and biota content following Read
(1985), Burchette and Wright (1992), Wright and
Burchette (1996), and Flugel (2010). The
construction of sequence stratigraphy is based on
the environmental changes across limiting
surfaces, the landward or seaward stepping
following Catuneanu (2006), Catuneanu et al.
(2009), and Catuneanu (2017).

4. RESULTS AND DISCUSSION:

4.1. Facies Analysis

Ten different carbonate and siliciclastic
facies were identified from the Qom Formation in
the studied sections. This facies were divided into
five facies belts, representing the main
depositional paleoenvironments, including delta,
tidal inlet, lagoon, shoal, and open marine. The
facies have been differentiated based on the
sedimentological and paleontological criteria. The
general setting is interpreted to be a carbonate
ramp system, subdivided into inner, middle, and
outer ramp settings following the terminology of
Burchette and Wright (1992). Vertical distribution
of textures and the identified facies and their
relevant paleoenvironment along with sequence
stratigraphic architecture of the Qom Formation in
the both studied sections are shown in Figure 3.

4.2. Deltaic facies (transitional)
4.2.1 F1: Conglomerate

Conglomerate facies at the base of the
Qom Formation in both sections have been seen
as massive beds. Carbonate cement is
predominant between grains in nearly all samples.
Particles vary in size from small sand-size to
pebble (<64 mm) — silt and tiny sand-size form
the matrix. The particles are sandstone, shale, and
limestone fragments, which form a poorly to
moderate-sorted and mostly subrounded to
angular polimictic conglomerate up to 2-5 m thick.
This facies has seen heterogeneous mass with
reddish in color (Figures 4a and 4b).

Interpretation: The poorly sorted matrix-
supported conglomerates which form coarsening-
upwards cycles are attributed to the accumulation
of clasts in deltaic environments (Martini et al.,
2017; Arp et al., 2019). The mostly red color of the
matrix shows the oxic condition in time of
deposition.  Sedimentological  characteristics
include graded bedding (coarsening upward), the
red color of texture, sand to pebble size of particles
with angular to semi-rounded clasts, and its
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vertical and lateral changes to carbonate facies
reveal high-energy water with high bedload in a
deltaic environment system. The source of
sediments is from nearby hights of Lower Red
Formation that surrounded the Qom back-arc
basin and have transported to the basin by river
channels along with a short distance. The
rounding and sorting associated with this
conglomerate and the lithology of the
conglomerate features will confirm the short
distance and the nearby source rock.

4.3. Tidal inlet facies (inner ramp)
4.3.1 F2: Bioclastic hybrid arenite

This facies includes bioclastic carbonate
up to 20 percent — the bio-clasts consist of
echinoid, brachiopod, operculina, and bryozoan.
The matrix is made of carbonate mud, which
dolomitized in some portions. Monocrystalline and
less polycrystalline quartz grains, which are silt to
medium sand in size, formed the major detrital
particles. This facies consists of a poorly to well
sorted with angular to semi-rounded grains
(Figures 4c and 4d).

Interpretation: The bioclastic hybrid arenite
is a typical facies in mixed carbonate-siliciclastic
environments that their framework is made of
detrital clasts. The ‘arenite’ term suggested for
rocks consisting of more than 50 percent detrital
clasts that accompanied by carbonate clasts
(Zuffa, 1985). Deposition of such facies took place
in an attached onshore carbonate platform setting
with remarkable nearby high topography that
transported a large volume of siliciclastic material
into the basin (Friedman and Sanders, 1978;
Flugel, 2010; Sengupta, 2017). According to
sedimentological characteristics such as open
marine bioclasts and stratigraphic position
adjacent to carbonate shoal, the depositional
setting could be tidal inlet that connected the
continental area to the ocean and also channels
that transported siliciclastic material from delta to
the open marine. The large volume of siliciclastic
material confirms the deposition of this facies in a
short distance to the source rock and as channels
connecting the open marine to the shoreline
(Flugel, 2010). The channels are maintained by
tidal flow; the presence of open marine biota with
siliciclastic material confirms this statement.

4.4. Lagoonal facies (inner ramp)
4.4.1 F3: Bioclast miliolid packstone

Despite the packstone fabric, the biotic

variations are low, and the constituents include
different species of Miliolidae such as
Quinqueloculina sp., Pyrgo sp., Triloculina sp.,
and Miliola sp. echinoid, red algae, bryozoan, and
bivalve forms the minor features by <10%. Silt size
quartz grains are present by 2-5%. This facies
shows medium sorting and rounding and only
seen in the Kordijan section (Figure 5a).

Interpretation: Miiolid is predominant in a
restricted lagoonal environment (Geel, 2000).
Recently, most of the porcelaneous benthic
foraminifera live in shallow tropical and sub-
tropical environments (Lee, 1990; BouDagher-
Fadel, 2008; Benedetti and Frezza, 2016). Thus,
this facies deposited in a nearly restricted lagoonal
setting above the fair-weather wave base
(FWWB). The restricted condition can be
confirmed by a low distribution of normal marine
biota, low variation of foraminifera, and the
predominance of porcelaneous foraminifera. The
predominance of porcelaneous foraminifera has
also revealed waters with high salinity (Read,
1985; Flugel, 2010).

4.5. Bioclastic shoal (inner ramp)
4.5.1 F4: Bioclast, red algae rudstone/grainstone

Sparry calcite cement, including blocky
and poikilotopic cement, formed the texture. The
major biotic constituents are red algal species
such as Lithophyllum sp. and Lithothamnium sp.
with 20-30% in abundance and larger than 2 mm
in size. Other major biota include echinoid with
overgrowth cement, rotalia, bryozoan, and large
fragments of bivalves. Gastropod, miliolid,
brachiopod spin, and unknown fragments of
hyaline benthic foraminifera form the minor biota.
Silt, and small and medium-size quartz grains with
5-7% in abundance form the siliciclastic features.
All the features in a sparry texture show medium
to good sorting and low to medium roundness
(Figure 5b).

Interpretation: According to the abundance
and large size of the red algae, it seems that these
biota have been deposited in the nearest place to
their habitat. The best condition for red algae
growth is an environment with high nutrition,
sufficient oxygen, the wave energy to provide
these materials, and a depth of water where
appropriate light can penetrate (Bassi, 2005;
Halfar and Mutti, 2005). Textural characteristics,
including the absence of micrite, sparry cement
between the constituent along with specific sorting
and rounding, reveal an environment with medium
to high wave energy. Thus, based on the biota and
sedimentological characteristics, this facies is
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deposited in a bioclastic shoal setting above
FWWB in the inner ramp.

4.6. Open marine facies (middle ramp)

46.1 F5: Echinoid,
packstone/rudstone

bryozoan, red algal

This texture has mainly seen as packstone
and occasionally with large size red algae bearing
biotic constituents as rudstone. The major biota
with 30-40% in abundance are bryozoan (0.5-2
mm in size) and Lithophyllum sp. and
Lithothamnium sp. (both 5 mm to larger than 10
mm in size). Miliolid is present with 3-5% in
abundance. The minor biota consists of
gastropod, rotalia, brachiopod, and worm tubes.
Small to medium sand-size quartz grains are
present with 5-10% in abundance. The texture has
partly dolomitized or filled by sparry calcite cement
(Figure 5c).

Interpretation: high abundance and large
size of red algae, partly presence of sparry calcite
cement between biota, and the presence of
dispersed fragments of benthic foraminifera and
rotalia can confirm its proximity to the reef
assemblages of the bioclastic carbonate shoal.
The predominance of carbonate mud in texture
along with oligo-photic biota such as miliolid, and
the predominance of photic dependent biota such
as red algal species that is also able to grow and
develop in oligo-photic condition indicating the
shallowest open marine facies adjacent to
carbonate shoal, with high to medium wave energy
(Halfar and Mutti, 2005; Barattolo et al., 2007;
Brandano et al., 2009). Thus, this facies based on
the presence of photic dependent and
independent biota is deposited in waters with
normal salinity below FWWB in the middle ramp
and adjacent to carbonate shoal.

4.6.2 F6:
wackestone

Bioclast, nummulitids, operculina

The major biotic constituents consist of
operculina and nummulites. Echinoid, red algae,
brachiopods, bryozoan, and occasionally rotalia
form the minor biota in this facies carbonate
micrite dolomitized in some parts of the texture.
The frequency of quartz grains are 20-30% and
vary in size from fine to medium sand (Figure 5d).
Interpretation: The predominance of larger benthic
foraminifera with a low diameter-thickness (D/T)
ratio shows relatively shallow parts of open marine
with oligophotic conditions (Geel 2000; Bassi et al.
2007). Also, light penetration decrease in the
depositional environment reveals by stretched
forms of larger benthic foraminifera with low

diameter-thickness (D/T) ratio (Nebelsick et al.,
2005; Bassi et al. 2007; Khatibi-Mehr and Adabi
2014). Thus, larger benthic foraminifera as the
major biota along with echinoid and bryozoan in
carbonate mud texture can demonstrate medium
to low energy open marine environment between
fair-weather wave base (FWWB) and storm wave
base (SWB) in the middle ramp (Flugel 2010;
Adabi et al., 2016).

4.6.3 F7: Red algae, bryozoan, brachiopod
packstone/rudstone

The main biotic constituents are
brachiopod, bryozoan, and some echinoid
fragments. Red algal fragments show low

frequency. Rotalia and miliolid forms minor biota.
Small to medium sand-size quartz grains with 5-
10% in abundance are dispersed within the matrix.
Dolomitization occurred in some parts of the
micritic matrix (Figure 5e).

Interpretation: Bryozoan assemblages are
common in calm and low energy waters of shallow
open marine. Although they are photic
independent heterotroph organisms and found
independently of water depth (Pomar, 2001, Drinia
et al., 2009), nonetheless, the presence of red
algae as the main biota with high frequency
reveals shallow parts of open marine. A high
abundance of red algal fragments defines waters
with sufficient light and relatively high energy in
front of carbonate shoal (Pomar, 2001). In this
facies, the biotic constituents suggest calm and
low to relatively medium energy waters with
normal salinity. The medium sand-size of red algal
fragments and their medium roundness can be
indicative of much more movement with greater
distance (Perrin, 1995; Brandano et al., 2009).
Thus, based on all textural and biotic pieces of
evidence, this facies was deposited in low energy
open marine setting in middle ramp above SWB.

46.4 F8: Echinoid,
wackestone/ floatstone

bryozoan, brachiopod

This texture reveals as wackestone but in
a few samples contain bryozoan and brachiopod,
larger than 2 mm and even centimeter in size that
are floating in a mud matrix reveal as floatstone.
The major biota are echinoid, bryozoan, and
brachiopod. Small benthic foraminifera such as
miliolid is rarely present. Ostracod and unknown
micritized biota (peloid) has also present. The
frequency of quartz grains is 1-5%, which varies in
size from small to coarse sand (Figure 5f).

Interpretation: Echinoid as the main biota
has been deposited in relatively deep waters of
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open marine in the middle ramp (Barattolo et al.,
2007). All the main biota in these facies including
bryozoan and brachiopod are photic independent
biota and can deposit in relatively deeper parts of
open marine settings. Furthermore, these biota
are stenohalline and indicators of waters with
normal salinity (Holcova and ZagorSek, 2008;
Drinia et al., 2009). The low variety and well-
preserved coarse grain biotic features, along with
the predominance of carbonate mud suggest a low
energy depositional environment. The main biotic
constituents such as brachiopod, bryozoan, and
echinoid with low biotic abundances suggest lower
parts of the middle ramp, adjacent and above
SWB with limited water circulation.

4.7. Open marine facies (outer ramp)
4.7.1 F9: Sandy mudstone

This facies mainly consists of carbonate
mud deposits. Silt and small sand-size quartz
grains are scattered through the matrix with a 10-
20% frequency. Glauconite is observed with minor
amounts. Unknown shell fragments have also
been present. This facies in hand specimen is dark
cream to light gray. Pyritization occurred in the
matrix (Figure 59).

Interpretation: During a sea-level rising or
subsidence in a sedimentary basin, carbonate
deposits are drowned, and deep water limy mud is
dominant (Tucker and Wright, 2009). All evidence
including the presence of glauconite, pyritization,
and dark color of this facies in both microscopically
and hand specimen suggest that deposition took
place in low energy and anoxic waters of open
marine in an outer ramp setting below SWB.

4.7.2 F10: Shaly mudstone

Shaly mudstone facies includes the marl
lithology interval of the Qom Formation in the
Kordijan section. The rocks showing these facies
are microscopically light gray, and in hand
specimen is gray. Silt size quartz grains are
scattered within the matrix in a minor amount.
Shaly mudstone facies are completely
homogenous, and no biota or shell fragments have
been observed (Figure 5h).

Interpretation: During the sea-level rise,
mudstone and shale can be formed in deep waters
of open marine settings. The lime and clay that
formed the shaly mudstone occur as suspended
and will precipitate in a low energy marine
environment. Thus, according to their stratigraphic
position, which is taking place above open marine

limestone strata, they have deposited in a low
energy condition below SWB in an outer ramp
setting. This facies belongs to relatively deep
waters with no biotic fragments, and due to its
distance from land and the source area, there are
no siliciclastic materials.

The description and characteristics of the
identified sedimentary facies, as well as facies
associations and some of their main features
recognized within the studied sections, are
summarized in Table 1.

4.8. Sedimentary Environment

Due to the specific characteristics of the
Qom Basin and its widespread in microplate of
Central Iran along with high facies variation,
thickness, and back-arc geometry, a distinct
sedimentary model for different parts of Iran, is
impossible. Based on sedimentological and
biological data in surface and subsurface sections,
different sedimentary models are suggested for
deposition of the Qom Formation by many
researchers, e.g. a homoclinal ramp by Reuter et
al. (2007), Saddighi et al. (2012) and
Amirshahkarami and Karavan (2015) in Qom
Province and Esfahan-Sirjan region. However, a
rimmed shelf by Vaziri-Moghaddam and Torabi
(2004), and a non-rimmed shelf by Mohamadi et
al. (2011) have also been proposed.

The factors controlling the rate and type of
carbonate production are nutrient, light,
temperature, salinity, water depth, and chemistry.
These factors, along with geological setting,
control the carbonate platform geometry and
determine the grain type, grain distribution, and
the rate of carbonate factory (Brandano et al.,
2009).

Facies analysis based on lithology,
sedimentary structures, texture, and biotic and
abiotic features from the studied sections of the
Qom Formation led to the recognition of ten facies
deposited in five subenvironments, including delta,
a tidal inlet, lagoon, shoal, and open marine.
Palaeoenvironmental reconstruction based on the
identified facies suggests a homoclinal carbonate
ramp for the Qom Formation in the studied area
(Figure 6). This suggestion is supported by some
evidence including the absence of continuous and
large barrier reefs, gradual variation in facies from
delta to shallow open marine, the absence of
calciturbidites, and slump and slide structures, and
lack of oncoid, pisoid and aggregate grains that
are mostly present in rimmed carbonate shelf
environments. Burchette and Wright (1992)
divided a carbonate ramp into an inner ramp

Periédico Tché Quimica. ISSN 2179-0302. (2020); vol.17 (n°35)
Downloaded from www.periodico.tchequimica.com

140



(above FWWB), middle ramp (between FWWB
and SWB), and outer ramp (below SWB).
Sedimentary facies in the Qom Formation mainly
occurs in the middle ramp setting.

The inner ramp includes delta, tidal flat,
lagoon, and shoal facies respectively recognized
by occurrence of coarsening upward massive
polimictic conglomerate (F1, delta), bioclastic
hybrid arenite including high sand and open
marine biota (F2, tidal flat), porcelaneous
foraminifera in a carbonate mud matrix (F3,
lagoon), and abundance of red algae
accompanied by open marine biota and
siliciclastic sediments in a sparry texture (F4,
shoal).

The middle ramp consists of four facies
from proximal (adjacent to shoal) to distal
(adjacent to SWB) part. The middle ramp in the
proximal part is characterized by larger benthic
foraminifera (e.g. operculum and nummulitids),
and shoal derived bioclasts such as red algae in a
packstone and rudstone texture (F5-6). The distal
parts of the middle ramp include mainly photic
independent  heterotroph and  stenohalline
organisms (such as bryozoan and echinoids) that
are indicators of normal salinity waters of open
marine (Drinia et al., 2009).

The outer ramp is characterized by sandy
and shaly mudstone with pyritization in the matrix
that is evidence of relatively deep waters with
anoxic condition and small unknown shell
fragments and glauconite (F9-10).

4.9. Sequence Stratigraphy

A stratigraphic sequence model defines
depositional sequences as genetically related
chronostratigraphic units that are representative of
a single cycle of relative sea-level rise and fall,
bounded by unconformity surfaces (e.g.
Posamentier and Vail, 1988; Van Wagoner et al.,
1990; Posamentier and James 1993; Catuneanu
et al., 2006). Retrogradational, aggradational, and
progradational stacking patterns in the framework
of a depositional sequence are developed due to
eustatic sea-level fluctuations.

The stratigraphic sequence interpretation
that is proposed for the Qom Formation is based
on age, field description, and the broad
paleoenvironmental inferences revealed by facies
analysis and stacking patterns of facies (Figure 3).
In the carbonate platform of the Qom Formation
with predominant of warm climate, which is Early
Miocene (Aquitanian) in age, the sequence
boundaries are characterized by siliciclastic facies

(delta and tidal inlet). The depositional sequences
consist of three systems tracts, including lowstand
system tract (LST), transgressive system tract
(TST), and highstand system tract (HST). Each
sequence comprises complex facies of subtidal,
including lagoon, shoal, and open marine, which
covered by siliciclastic facies. The maximum
flooding surface (F9-10) is characterized by water
deepening and the maximum transgressive in
seawater, which is defined by outer ramp facies
association. Vertical facies variations and
identified environments connected with relative
sea-level changes led to the identification of two
third-order depositional sequences in the Qom
Formation (Figure 3).

4.9.1 Depositional sequence 1 (DS1)

The depositional sequence 1 with the age
of Aquitanian is 70.75m and 58.07m thick,
respectively, in Kordijan and Ashtian sections. The
DS1 is divided into LST, TST, and HST. The delta
massive conglomerate beds of F1, which is a
transitional environment, formed the basal part of
DS1. The enormous conglomerate in both
sections is deposited over the sandstone beds of
the Oligocene Lower Red Formation (Figure 3).
The basal deltaic conglomerate with a coarsening
upward sequence has been deposited during the
period of falling sea level as an LST. The overlying
carbonate rocks with shoal and middle ramp facies
association of F4 (shoal), F5, F7, and F8 (all open
marine: middle ramp) have been deposited during
the period of sea-level rise and are interpreted as
transgressive  system tract (TST)  with
retrogradational stacking pattern. The TST is
characterized by packstone, grainstone, rudstone,
and floatstone textures with normal waters biota
such as rotalia, red algae, bryozoan, and
Echinoidea. The photic independent of open
marine biota reveals a rise in sea level that
reaches the maximum, equivalent to the maximum
flooding surface (MFS). The sandy and shaly
mudstone of the F9 and F10 with glauconite and
shell fragments and pyritization in  matrix
characterize the MFS. The main packstone and
rudstone textures of the lagoon (F3), shoal (F4),
and open marine (proximal middle ramp facies
association: F5-6) with mainly aggradational and a
few progradational stacking pattern that overlies
the MFS characterize the HST. The upper part of
the HST is characterized by bioclast hybrid arenite
(F2) in both sections and indicate the tidal inlet
environment and a type 2 sequence boundary
(SB2).

4.9.2 Depositional sequence 2 (DS2)
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The depositional sequence 2 is 23.75m
thick in the Kordijan section and 43.92m thick in
the Ashtian section with the age of Aquitanian. The
DS2 can be subdivided into TST and HST (Figure
3). The carbonate rocks of middle ramp facies
association (F5-7) with retrogradational stacking
patterns are formed during a period of sea-level
rise and are interpreted as transgressive deposits
of TST (Figure 3). The facies of TST (F5-7) consist
of larger benthic foraminifera such as
Nummulitidae and Operculina as well as red
algae, brachiopod and bryozoan. Large fragments
of bryozoan and brachiopod along with
Nummulitidae and broad and flat operculina,
larger than 2mm in size with rudstone texture, are
terminated in outer ramp facies association (F9-
10) with evidence of low energy and anoxic
condition of relatively deep waters. These facies
indicate a maximum increase in sea-level
changes, equivalent to the MFS. The mostly
packstone and rudstone textures of shoal and
proximal middle ramp facies association with
dominant of benthic foraminifera (e.g. rotalia) and
red algae are overlain by the MFS. These
sediments are interpreted as deposition of the
HST with a progradational stacking pattern (Figure
3). The upper part of the HST is characterized by
bioclast hybrid arenite (F2: tidal inlet) in the
Ashtian section and bioclast, red algae
rudstone/grainstone (F4: shoal) in the Kordijan
section indicating tidal inlet and shoal
environments. The Upper Red Formation of
Miocene age overlies the DS2 in both sections.
There is a type 1 sequence boundary (SB1)
between the Qom Formation and the Upper Red
Formation.

4.10. Correlation of Depositional Sequences

Precipitation of carbonate sediments is
influenced by subsidence and sedimentation rate
that are related to the tectonic evolution of the
belts that surrounded the Qom back-arc basin.
The Oligocene-Miocene sedimentary rocks of the
Qom Formation in microplate of Central Iran have
some similarities with the Oligocene-Miocene
sedimentary deposits of the Asmari Formation in
the Zagros Basin and the equivalent formations in
the Arabian Plate. For instance, the biotic
constituents are the same, and the sedimentary
paleoenvironments are a homoclinal ramp system;
however, according to the geological setting these
basins have not been connected during the Early
Miocene. Sharland et al. (2001, 2004) and
Simmons et al. (2007) in Arabian Plate have
defined a set of regional maximum flooding
surfaces (MFS). They have used MFS for

subdividing the sedimentary succession of the
Arabian Plate into a series of synchronous
packages. These packages, which are genetic
stratigraphic sequences (Galloway, 1989) took
place within a set of Tectonostratigraphic
Megasequences (TMS) that subdivide the
geological history of the Arabian Plate from
Precambrian to the Present. These TMS are
defined as the package of sediments lying
between the unconformity marking both the onset
of Red Sea Rifting and the first continental collision
between Arabia and Eurasia and the present-day
topographic surface. The Qom Formation with the
age of Oligocene—Miocene sits within the latest of
the TMS (AP11), which is defined as sedimentary
packages that took place between two signs of
unconformity (Sharland et al., 2001, 2004). The
correlative  sequence boundaries between
Sharland et al. (2001, 2004), Simmons et al.
(2007) and this study with increasing age are as
following (Figure 7):

1. The Ng20 SB is equal to the type 1 SB at the
top of DS2.

2. The Ngl10 SB is equal to type 1 SB at the
base of DS1.

The previous sequence stratigraphic
studies on Oligo-Miocene deposits of the Zagros
Basin include Ehrenberg et al. (2007) and Van
Buchem et al. (2010). In their studies of the Oligo-
Miocene Asmari Formation in Dezful Embayment
and Izeh zone located in the southwest of Iran
defined seven sequence surfaces that were dated
and correlated between several outcrops and sub-
surfaces wells. Among these sequence surfaces
with the Early Miocene (Aquitanian) age of the
Qom Formation three sequence boundaries are
correlative with those of Ehrenberg et al. (2007)
and Van Buchem et al. (2010). With increasing
age, these surfaces are as following:

1. Bu20 SB and SB VI is equal to the type 1
SB at the top of DS2.

2. Ag20/Bul0 and SB V is equal to the type 2
SB between DS1 and DS2.

3. Aql0 and SB IV is equal to the type 1 SB
at the base of DS1.

In this study, three recognized sequence
boundaries are well-matched with the sequence
boundaries that are proposed by Ehrenberg et al.
(2007) and Van Buchem et al. (2010) (Figure 7).

5. CONCLUSIONS:

Based on field observations, textural
analysis, and biotic constituents, ten facies have

Periédico Tché Quimica. ISSN 2179-0302. (2020); vol.17 (n°35)
Downloaded from www.periodico.tchequimica.com

142



been identified. The Early Miocene (Aquitanian)
Qom Formation in the Qom back-arc basin in the
microplate of Central Iran has been deposited in a
homoclinal ramp setting including delta, a tidal
inlet, lagoon, shoal, and open marine
subenvironments. The absence of continuous
large barrier reefs, pisolite, oncolite, slump
structures, and calciturbidites support this
suggestion. The Qom Formation in studied
sections mainly occurs in an open marine setting.
Furthermore, based on sequence stratigraphic
studies, two third-order depositional sequences in
the Aquitanian of the Qom Formation have been
recognized. Based on the chronostratigraphic
sequence  correlation, these  depositional
sequences have a good correlative architecture
with Arabian Plate sedimentary successions and
the sequences that have been recognized for the
Oligocene-Miocene Asmari Formation in Dezful
Embayment and Izeh zone in the southwest of Iran
by other researchers.
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Figure 4. Facies types of the Qom Formation in Ashtian and Kordijan sections. (a) and (b) F1:
Conglomerate facies showing coarsening upward sequences (transitional, delta); (¢) and (d) F2:
Bioclastic hybrid arenite with open marine bioclast features of open marine such as red algae,
echinoid, and bryozoan (inner ramp, tidal inlet).
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Figure 5. Different facies types of the Qom Formation in Ashtian and Kordijan sections. (a) F3:
Bioclast miliolid packstone (inner ramp, lagoon); (b) F4: Bioclast, red algae rudstone/grainstone (inner
ramp, shoal); (c) F5: Echinoid, bryozoan, red algal packstone/rudstone (middle ramp, open marine
below FWWB); (d) F6: Bioclast, nummulitids, operculina wackestone (middle ramp, open marine
below FWWB); (e) F7: Red algae, bryozoan, brachiopod packstone/rudstone (middle ramp, open
marine below FWWB); (f) F8: Echinoid, bryozoan, brachiopod wackestone/floatstone (middle ramp,
open marine below FWWB); (g) F9: Sandy mudstone (outer ramp, open marine below SWB); (h)
shaly mudstone (outer ramp, open marine below SWB).
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Table 1. Facies type, facies associations and depositional environments of the Qom Formation in the

studied sections.

Flugel Deposi
Facies ) . ) _— Grain . Energy (2010) tional Facies
code Facies type Lithology Facies characteristics size Sorting level (SMF/ enviro association
RMF) nment
Polimictic- Massive heterogenous Conglomerate with ‘_é’
F1 Conglomerate  conglomerat Silt and very small sand as the matrix that ~ Pebble/ Poorl High } Delta ;g
9 9 e is formed of sandstone, shale and sand y 9 2
limestone. g
Includes carbonate bio-clasts consists of
echinoid, brachiopod, operculina, and Tidal
E2 Bioclastic Limy bryozoan up to 20 percent. The matrix is Sand Poorly to High ) inlet
hybrid arenite sandstone made of carbonate mud. Monocrystalline medium 9
and less polycrystalline quartz grains
formed the major detrital clasts.
Bioclast Biotic features variation are low and g
. . ; S S
E3 miliolid Limestone |nclud_es _dlfferent species of Miliolidae. Sand/ Poorl_y to Low SMF18/ Lagoon e
ackstone ) Echinoid, red algae, bryozoan, and mud medium RMF20 g
P bivalve forms the minor features by <10%. =
The major biotic constituents are red
Bioclast, red Limestone/ algae, echinoid, Rotalia, bryozoan, and
Fa algae sand bivalves in a spary texture. Gastropod, Pebble/ Medium High SMF13/ Shoal
rudstone/grain r Y miliolid, brachiopod, and fragments of sand to good 9 RMF27
imestone . S .
stone larger benthic foraminifera form the minor
biota.
Echinoid, The major biota are bryozoan and Open
bryozoan, red ) thhpphyllum sp. and Lithothamnium sp. Pebble/ Medium SME18/ marine
F5 algal Limestone Miliolid is present by 3-5% abundance. Poorly )
. : . sand to high RMF14 (below
packstone/rud The minor biota are include gastropod, FWWE)
stone Rotalia, brachiopod, and worm tubes.
nu?T:(:r?LIJEIii?itas The main biotic features are include Open
6 o erculina’ Limestone Operculina and Nummulites. Echinoid, Pebble/ Poorl Low to SMF8/ marine
P red algae, brachiopods, bryozoan, and sand Y medium RMF13 (below
wackestone/fl . . ] a
Rotalia form the minor biota. FWWB) £
oatstone S
[}
5
Red algae, Open k=l
bryozoan, Limestone/ The main biota are brachiopod, bryozoan, Pebble/ Low to SMF12 ma?rine =
F7 brachiopod sandy and less echinoid fragments. Red algae, Poorly ; S/
. ) o . - sand medium (below
packstone/rud limestone Rotalia, and miliolid form the minor biota. RMF8 FWWB)
stone
Echinoid, Limestone/ Open
bryozoan, sandy The major biota are echinoid, bryozoan, Pebble/ SMF12 mzfrine
F8 brachiopod limestone/ and brachiopod. Miliolid, ostracod and Poorly Low C/
h e . sand (below
wackestone/ argillaceous unknown micritized biota have also seen. RMF7 FWWE)
floatstone limestone
Mainly formed of carbonate mud with Silt Open
E9 Sandy Sandy marl and small sand-size quartz grains and Sand/ ) Low SMF3/ marine
mudstone Y shell fragments. Glauconite is observed mud RMF2 (below a
and pyritization occurred in the matrix. SWB) g
g
It is completely homogenous and no biota Open 8
shaly or shell fragments have been observed. ) ) marine
F10 mudstone Marl Silt size quartz grains are scattered within Mud Low (below
the matrix. SWB)

SMF: standard microfacies type; RMF: ramp microfacies type
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RESUMO

A causa do cancer em pacientes permanece um mistério. Varias teorias e suposi¢cdes ndo dao confianca
na compreensdo do processo de cancer. Até que a etiologia do cancer seja estudada, ndo poderemos avangar
apesar do desenvolvimento de tecnologias farmacéuticas e tratamentos inovadores. Para resolver esse
problema, pretende-se usar todos os dados relacionados ao desenvolvimento do cancer, mesmo que eles ndo
tenham um vinculo ébvio com a doenca. Mesmo quando uma célula cancerigena aparece e comega a criar seu
pool de células cancerigenas alteradas, ndo sabemos. Os médicos diagnosticam o cancer quando o tumor atinge
certos tamanhos e afeta a fungéo do 6rgdo. O nimero de células cancerigenas aumenta muito rapidamente. Os
fatores que aceleram essa reproduc¢édo das células cancerigenas sao muitos, o que significa que ainda ndo vemos
a verdadeira causa. A célula cancerigena mantém os recursos da célula original em graus variados, da
semelhanga pronunciada a perda quase completa de propriedades celulares saudaveis. Quanto mais a célula
estranha é alterada, mais rapido ela cresce e 0 prognéstico para o paciente se deteriora. O mais preocupante €
gue a incidéncia de cancer estd aumentando, o que significa que a causa ndo foi encontrada. As mortes por
cancer continuam altas. Este artigo discute o caso de um paciente com um membro amputado por cancer (cancer
de pele do pé). Durante um estudo de 10 anos da medula éssea do fémur, pela primeira vez, a medula 6ssea foi
obtida do fémur de um paciente com cancer. As descobertas podem ajudar pesquisadores e médicos a entender
melhor o processo do cancer e a encarar o problema de maneira diferente.

Palavras-chave: medula 6ssea femoral, células-tronco, células-tronco hematopoiéticas, cancer de pele.

ABSTRACT

The cause of cancer in patients remains a mystery. Various theories and assumptions do not give
confidence in understanding the cancer process. Until the etiology of cancer is studied, we will not be able to
move forward despite the development of pharmaceutical technologies and innovative treatments. To solve this
problem, it is intended to use all data related to cancer development, even if they have no obvious link to the
disease. Even when a cancer cell appears and starts creating its pool of altered cancer cells we don 't know.
Doctors diagnose cancer, when the tumor reaches certain sizes and disorders the function of the organ. The
number of cancer cells increases very quickly. The factors that accelerate this reproduction of cancer cells are
many, which means that we still do not see the true cause. The cancer cell retains the features of the original cell
to varying degrees from pronounced similarity to almost complete loss of healthy cell properties. The more the
foreign cell is altered, the faster it grows and the prognosis for the patient is deteriorated. The most worrying thing
is that the incidence of cancer is increasing, which means the cause is not found. Cancer deaths remain high.
This article discusses the case of a patient having a limb amputated for cancer (foot skin cancer). During a 10-
year study of bone marrow from the femur, for the first time, bone marrow was obtained from the femur of a patient
with cancer. The findings could help researchers and doctors better understand the cancer process and look at
the problem differently.

Keywords: femoral bone marrow, stem cells, hematopoietic stem cells, skin cancer.
AHHOTALUA

MprynHa BO3HMKHOBEHMS paka y 60MbHbIX OCTaeTcs 3aragkoi. PasnuyHble Teopum 1 NpeanonoXeHus He
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AaloT YBEPEHHOCTU B MOHMMaHUM OHKONOrM4eckoro npouecca. f[Jo Tex nop, noka aTmonorus paka He Gyget
n3yyeHa, Mbl HE CMOXeM [ABWUraTbCs Brepen, HECMOTPs Ha pas3BuTue dapMaueBTUYECKMX TEXHOMOrMn u
WHHOBALMOHHbIX METOOO0B fneveHus. [1nsa pewweHns ator npobnembl npegnonaraeTcs UCNoNb30BaTh BCE AaHHbIE,
CBSI3aHHblE C pa3BUTUEM paka, faXke eCri OHN He MMEIOT 04eBUOHOM CBA3K ¢ 6onesHbio. [laxe korga nossnseTcs
pakoBas KrneTka M HauMmHaeT cosfasBaTb CBOW MyN U3MEHEHHbIX PakoBbIX KMNETOK, Mbl 3TOro He 3Haem. Bpauu
ONarHoCTUpYT pak, Korga onyxofnb AOCTUraeT onpefeneHHbIX pasMepoB W HapyllaeTcs (PyHKuuMs opraHa.
KonunyectBo pakoBbIX KNETOK YBENUYMBAETCA OYeHb ObICTPO. PaKkTOpOB, YCKOPSIOWMX Takoe pasMHOXEHWE
PaKkoBbIX KNEeTOK, O4€Hb MHOTO, @ 9TO 3HAYWT, YTO Mbl 4O CMX MOP HE BUAMM UCTUHHOM NpuYMHbl. PakoBas kneTka
COXpaHSAET YepTbl UCXOOHOW KINETKN B PasHOW CTENEHN-OT SIPKO BbIPaXXEHHOTO CXOACTBA A0 MNOYTW MOMHON NoTepu
CBOMCTB 300pOBON KreTkn. Yem Bonblue YyxepoaHas KrneTka nsaMeHseTcs, Tem bbicTpee OHa pacTeT M NporHo3
Ana nauveHTta yxyawaetcs. Camoe TpeBOXHOE 3aknoyaeTcs B TOM, YTO 3aboneBaeMOCTb pakom pacTerT, a
3HAuWT, NpMYMHa He HamgeHa. CMepTHOCTb OT paka ocTaeTcs BbICOKOM. B gaHHOW cTaTbe paccmaTpuBaeTcs
crnyyYan naumeHTa, KOTOpPOMY amMnyTMpoBanu KOHEYHOCTb NO noBody paka (pak koxu ctonbl). Bo Bpems 10-
NEeTHero mccnegoBaHWst KOCTHOrO Mo3ra u3 6egpeHHoOn KOcTu BrnepBble Oblni MOfyyYyeH KOCTHbI MO3r M3
B6enpeHHon kocTn BonbHOro pakoM. MNMonyyeHHble pedynbTaTel MOTYT MOMOYb UCCNEAOBATENSAM U Bpayam ny4ile
MOHATb MPOLECC Pa3BUTUSA paka 1 B3rMsSHYTb Ha Npobremy no-Apyromy.

KnroueBble cnoBa: KOCMHbIl M032 mpybyambix Kocmel, Cmeosio8bie KIemku,2eMorno3mu4yeckue cmeososbie

KJ1emku, pakK Koxu.

1. INTRODUCTION:

Worldwide, the number of cancer patients
is increasing. In overwhelming numbers, these are
older people, regardless of gender. The
importance of determining the cause of cancer and
the overall understanding of the pathogenesis of
the process is understood by doctors in all
countries. But there is no consensus, most hold
the hypothesis of immune system disruption,
which stops determining cells are necessary for
removal (Weaver, et al., 2008).

The assumption of the cause of the cancer
process as a result of the incorrect protective work
of the immune system does not explain the whole
variety of cancer transformations. The cancer
process is based on two important details, cell
growth, which can be different and loss of
differentiation, the degree of which can differ
greatly from the healthy cell of this tissue. In recent
years, we have studied the cellular mechanisms of
cancer development, the discovery of oncogenes
and antioncogenes. So far, this is of interest, but
will this data make a difference? By influencing the
work of anti-oncogenes, the fight against cancer
can be improved, but the problem remains
problem (Hernandez, 2015).

The most important thing is to understand
the function and features of the cancer cell, without
fine study of this cell there is no point in looking for
a drug for treatment. For now, we 're still losing
cancer in the fight. In surgical practice, they are
periodically forced to amputate the lower limb
because it is impossible to preserve it (Nikolaeva
et al.,, 2017). High amputations lead to limited
social adaptation of patients (Nikolaeva et al.,
2015), significantly reduce the life expectancy of

patients as a result of damage to the contralateral
limb and the addition of various complications
(Sisla et al., 2011).

The lower limb that is removed during a
forced amputation is an important bone marrow
depot, where about 25% of the patient's total bone
marrow is located in the femoral cavity. Currently,
it is proved that the restoration of a damaged
organ occurs not only due to the activation of
organ regional stem cells, but also due to
migration to the zone of damage of MMSCs from
other organs, and primarily from the bone marrow
(Nikolaeva 2015; Bruder et al., 1994; Gu et al.,
2008).

The immediate goal of biomedical research
in this area is to use innovative cell technologies
(Paladino et al., 2008; Weaver et al.,2008; Krause,
et al., 2002). Most of the known technologies for
taking bone marrow from living individuals for
subsequent bone marrow transplantation (Nolan
et al., 2010; Zielins et al., 2016; Rothrauff et al.,
2013). use of an isolated stem cell concentrate
involves the use of invasive trepanobiopsy
techniques (Vos et al., 2006; Jamshidi et al.,.1971;
Lu et al., 2011). For the first time, mesenchymal
stem cells were found in the bone marrow
(Norgren et al., 2007; Onodera et al., 2010), but all
bone marrow studies were conducted on the bone
marrow of flat bones — the red bone marrow
(sternal puncture or iliac crest (Hernandez 2015;
Eagle et al, 2018; Wei et al., 2013). Studies of the
bone marrow of tubular bones were not performed
due to the impossibility of obtaining it in vivo.

This study aimed a quantitative analysis of
multipotent mesenchymal stromal (MMSC) and
hematopoietic stem cells (HSCs) in bone marrow
samples of amputated limbs in a patient with skin
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cancer of the limb.

2. MATERIALS AND METHODS:
2.1. Characteristics of the patient

This case is presented by one patient who
had a lower limb amputation after signing informed
consent. The indication for amputation was: a
trophic ulcer of the limb with signs of malignancy.
Obtaining bone marrow samples: The test bone
marrow sample was obtained in the operating
room immediately after the amputation of the lower
limb. Bone marrow was extracted from the lumen
of the femur with a Volkmann spoon into a sterile
test tube, which was transported to the laboratory.

The bone marrow was subjected to soft
homogenization with the addition of a phosphate-
salt buffer. The removal of adipose tissue was
carried out by 10 minutes of settling the sample,
while the fat of the bone marrow rises to the upper
layer. Without affecting the upper layer, the lower
phase of nucleated bone marrow cells was taken
into a new tube and washed twice in a phosphate
buffer, followed by centrifugation at 400g for 5
minutes. The cell sediment was resuspended in
300 plI of phosphate buffer, and their number was
calculated in the Goryaev chamber. The cell
suspension was diluted with a phosphate buffer to
a concentration of 107 cells/ml.

2.2. Immunophenotyping of HSCs and MMSCs

The study of the HSC and MMSC
phenotype was performed by flow cytometry using
direct immunofluorescence. We used ready-made
monoclonal antibodies from B.D. Biosciences
(Becton Dickinson, USA) labeled with FITC
(fluorescein isothiocyanate), P.E. or RD1
(phycoerythrin), PC5, 5 (phycoerythrin-cyanin
5.5), PC7 (phycoerythrin-cyanin 7), and APC
(allophycocyanin). The cd90-PE/CD45-
PC5,5/CD45RA-PC5,5/CD34-PC7/CD38-APC
panel was used for phenotyping HSCs. The
human MSC Analysis Kit (Becton Dickinson, USA)
containing the CD90-FITC/CD45-PE/CD34-
PE/CD11b-PE/CD19-PE/HLA-DR-PE/CD105-
PC5, 5/CD73-APC panel was used for
phenotyping MMSCs. The distribution of
antibodies along the fluorescence channels was
carried out in accordance with the principles of
panel formation for multicolored cytofluorimetric
studies (Kudryavtsev et al., 2015). Sample
preparation was performed using the standard
method (Sutherland et al., 2018). At least 50,000
cells were analyzed in each sample.

A total of 5 pl of antibodies were added to

a 50 ul bone marrow sample, incubated in the dark
for 15 min., 500 pl of BD FACS Solution 1X
(Becton Dickinson) lysing solution was added,
incubated for 10 min. in the dark, then centrifuged
at 1500 rpm for 5 min., the supernatant was
drained, the precipitate was washed three times
with BD FACS Flow (Becton Dickinson) solution,
followed by centrifugation at 1500 rpm for 5 min.
300 ul of BD FACS flow solution was diluted and
analyzed using a flow cytofluorometer BD
FACSCantoll (Becton Dickinson). For
immunophenotyping, HSCs used antibodies to
surface antigens of human cells on the
recommendation of the manufacturer B.D.
Biosciences (Becton Dickinson) PE-Cy7 CD34,
PE CD90 and a mixture of negative control
antibodies (APC CD38, PerCP-Su5. 5 CD45 and
PerCP-Su5. 5 CD45RA). Immunophenotyping of
MMSCs was performed using the Human MSC
Analysis Kit (Becton Dickinson), which contains
conjugated antibodies to MMSC markers (FITC
CD90, PerCP-Su5.5 CD105, and APC CD73), and
a mixture of negative control antibodies (PE CD45,
PE CD34, PE CD11b, PE CD19, and PE HLA-DR.

2.3. Characteristics of the used markers

CD11b is non-covalently associated with
B2 integrin and is expressed on granulocytes,
macrophages, dendritic cells, N.K. cells, and
subsets of T and B cells. CD11b It participates in
the transfusion of cells such as neutrophils and
monocytes, increases the activity of neutrophils,
causes granulocyte adhesion, increases the
activity of neutrophils (
https://www.biolegend.com/en-us/products/fitc-
anti-human-cd11b-antibody-8299).

CD19 is part of the superfamily of
immunoglobulins expressed on B cells and
follicular dendritic cells. CD19 is involved in the
development, activation, and differentiation of B
cells. CD34 is a monomeric sialomucin-like type |
glycophosphoprotein, selectively expressed on
most hematopoietic stem/progenitor cells, bone
marrow stromal cells, capillary endothelial cells,
embryonic fibroblasts, and some nerve tissues.
CD34 mediates cell adhesion of lymphocytes by
binding to L-selectin and E-selectin ligands.

CD38 is expressed on early hematopoietic
progenitors and white blood cells, liver stellate
cells, astrocytes, and epithelial cells. CD38
expression can be increased when cells are
activated. CD38 catalyzes the production of ADP
cyclic ribose. CD38 induces proinflammatory
cytokine production and proliferation.

CD90, also known as Thy-1, a member of
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the immunoglobulin superfamily, interacts with
CD45 during signal transduction  during
lymphocyte proliferation and differentiation. CD90
is expressed on hematopoietic stem cells,
neurons, thymocytes, peripheral T cells,
fibroblasts, and stromal cells (Alexa Fluor®).
CD45, a panleukocytic marker represented by a
single-stranded I-type membrane glycoprotein.
CD45 is a signaling molecule that regulates
various cellular processes, including cell growth,
differentiation, cell cycle, and oncogenic
transformation.

CD45RA, a marker of young cells, a variant
of the 4-exon compound of CD45 tyrosine
phosphatase. The CD45RA isoform is expressed
on resting T cells, medullary thymocytes, B cells,
and monocytes. CD73 is expressed on
mesenchymal stem cells, T and B cells and their
derivatives (https://www.biolegend.com/en-
us/products/pe-anti-human-cd73-ecto-5-
nucleotidase-antibody-6092). CD73 performs t-

cell costimulation and mediates lymphocyte
adhesion to follicular dendritic cells and
endothelial cells.

CD105, an integral membrane

homodimeric type | protein found on vascular
endothelial cells and placental
syncytiotrophoblasts. CD105 is not expressed on
fibroblasts, but is detected on macrophages and
monocytes (https://www.biolegend.com/en-
us/products/pe-anti-human-cd105-antibody-
3711). CD105 expression is increased on
activated endothelium in tissues undergoing
angiogenesis, such as tumors, or in cases of
wound healing or skin inflammation.

HLA-DR, a marker of activated cells, an
antigen of the main histocompatibility complex of
class 1, is expressed on B cells, activated T cells,
monocytes/macrophages, dendritic cells, and
other non-professional antigen-presenting cells

3. RESULTS AND DISCUSSIONS:

It is known that the amount of bone marrow
obtained depends on the level of amputation
(Nikolaeva, 2015). The level of amputation in this
study was determined individually. The volume of
extracted bone marrow was determined by the
level of amputation (upper, lower, or middle third
of the thigh) and was equal from10 to 100 ml the
largest amount of bone marrow (up to 100 ml) was
obtained when the limb was amputated at the level
of the upper third of the thigh. Bone marrow is a
ready-made drug with many important effects
(Zielins et al.,2016; Rothrauff and Tuan, 2013). In
this case, the patient was amputated at the level

of the middle third of the thigh. The number of cells
in the bone marrow depended on the amount of
bone marrow obtained and was approximately 500
thousand to 3 million cells per sample.

On average, the content of MMSC and
HSC in the bone marrow of amputated limbs is the
same, with a small predominance of the number of
MMSCs. This patient was diagnosed with skin
cancer of the lower leg, MMSCs were completely
absent, it was the only bone marrow that did not
have mesenchymal stem cells.

Malignant neoplasms have their own stem
tumor cells. This is a small subpopulation of the
least specialized cancer cells that have the ability
to self-renew and give rise to all cell populations
present in the original tumor, including initiating
neoangiogenesis and growth of the tumor stroma.
In all normal organs and tissues, there are stem
cells that are responsible for self-renewal-
physiological or reparative regeneration, as well
as more specialized and Mature cells that perform
the main functions of the organ or tissue. The
same is true for tumors. That is, the tumor
resembles an organ in structure and, of course,
should not differ from the General principle of
building biological structures.

It should be noted that for a long time, there
was a question of how much cancer stem cells are
similar to normal stem cells. And which type of
stem cells first begins to change in malignant
neoplasm. It was assumed that the tumor begins
with changes in completely undifferentiated stem
cells, giving rise to all other cells capable of almost
unlimited self-renewal. Cancer stem cells in
leukemia, these important cells-self-replicating
beginnings of tumors do not originate from
undifferentiated stem cells, but from their
offspring-partially committed non-self-renewing
progenitor cells (short-lived cells that can give rise
to several, but not all, types of blood cells).

The genetic program of fully developed
leukemic stem cells is not the same as that of
normal stem cells. This is a very important
discovery, which is likely to be typical for most
other types of tumors because the most important
properties of stem cells are resistance to
damaging factors and rare division. These
properties do not allow stem cells to accumulate
the mass of genetic changes that are necessary
for the transformation of a normal cell into a cancer
cell. But progenitor cells, on the contrary, actively
proliferate, but less plastic than stem cells. They
are committed, and the ways of their further
development are predetermined by gene
expression and limited. In the study of the femoral
bone marrow, hematopoietic and mesenchymal
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stem cells were determined in the resulting bone
marrow. Usually, the number of cells did not
exceed 3 million. In this patient with skin cancer,
the total number of cells was 75 million, which is
much higher than the cell content in comparison
with other amputations (25 times). In addition to
the absence of MMSCs, this patient had a higher
hematopoietic stem cell content than other
amputations of 0.025%.

The cause of cancer is not yet clear, and
this is a big problem. There are many theories,
each representing some aspect and revealing the
mystery of the curtain of the origin of the disease.
But there are also those who contradict each
other, and the general answer to the question-
where does cancer come from? "not yet. At the
present stage, the immune theory prevalils,
because the immune system is being suppressed,
it is the immune system that first begins to fight
mutated cells and destroys them in the first stages.

The etiology is based on several factors:
there is an influence both external and internal, on
genes during cell division and during normal life.
As a result, the cells ' genetics break down, and
they mutate, turning into cancer cells. After that,
such tissues begin to divide and grow endlessly,
absorbing, and damaging the nearest organs. The
so-called oncogenes were found — these are
genes that, under certain conditions and external
factors, begin to regenerate any cell in the body
into a cancer cell. Until this state, these genes are
dormant. That is, a gene is that part of the program
code in the body that begins to work only at a
certain moment and under certain conditions. That
is why the risk of getting sick in people whose
parents had cancer is higher than in others. But we
must remember that all mutated or damaged cells
are fought by our immune system, which
constantly scans the body for damage and
destroys dangerous cells. If the immune system is
lowered, the chance of getting sick in this case is
greater.

Today, this theory is the main and most
common, which is used by almost all oncologists
and scientists. Since all other theories are mostly
just a risk factor, whether it's viruses or
hepatogenic, it has been observed that most
oncocells occur in an acidic environment. In such
an environment, the immune system and all
nearby tissues of the body are weakened. And if
the environment is made alkaline, then everything
will be the opposite, and cancer cells will simply
not be able to survive in it, and the immune system
will be normal. When the environment is acidic, the
immune system is greatly reduced, and the body
has a favorable environment for the emergence of

cancer cells. Proponents of the immune theory
believe that cancer cells constantly occur in the
course of life, but the immune system periodically
destroys them. With any impact inside the body
and during the regeneration process, our cells
grow and repair all damage. And the whole
process is controlled by the immune system.

But with the constant occurrence of
damage and various disorders, mutation may
occur, and control may stop. In the laboratory,
under any conditions, no doctor or scientist in the
world has been able to turn a normal cell into a
cancer cell. They were affecting it with both
chemical reagents and radiation. No one in the lab
was able to initiate metastasis. The DNA of a
cancer cell is 70% similar to that of protozoa.
Healthy cells cannot turn into cancer, changing by
70%. They can't move around the body and
metastasize, forming new tumors.

The basis of the pathogenesis of all
neoplasms is the appearance and reproduction of
genetically modified tumor cells with special
properties in the body. Tumor cells are changed
genetically in the sense that they are able to
transmit  their  pathological properties to
descendants: when a tumor cell divides, daughter
cells are formed, at least some of which retain their
tumor properties. This transfer of tumor properties
by cells to descendants can occur in an infinite
number of generations. In most cases, the division
of tumor cells is the main way to grow primary
tumor nodes.

Primary nodes of many types of human
and animal tumors are clones, i.e., all cells of this
node are descendants of one original tumor cell.
The tumor tissue also retains specific antigens of
the original tissue. Therefore, successful
transplantation of tumors to animals of other
species (heterotransplantation) is possible only if
the recipient's immune responses are weakened
or prevented. This can be achieved in several
ways:

1. transplanting tumor cells into tissues where
immune responses are weakly induced,
such as the anterior chamber of the eye or
the brain;

2. introducing immunosuppressive drugs to
the recipient;

3. using animals with genetic defects in the
immune response as recipients.

Against the background of a weakened
immune system, human tumors have already
been successfully transplanted to animals.The
properties of a population of tumor cells can
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change during the growth of primary and
secondary tumor nodes, as well as during the
passivation of the transplanted tumor. These
changes seem to be a consequence of the fact
that new genetic variants of tumor cells with
properties different from those of most cells in the
population may appear in the tumor tissue. If these
cell variants have any "advantages" over most
tumor node cells, then as a result of selection,
these cells will accumulate in the tumor tissue.

Persistent irreversible changes in one or
more properties of tumor tissues are called tumor
progression. The progression of each tumor can
be multi-stage: during the development and
growth of this tumor, several different variants of
tumor cells may consistently prevail in it. Under
normal conditions, each subsequent stage of
progression increases the difference between the
tumor tissue and the original normal tissue. As a
result of tumor growth, its individual cells can
break off, get into other organs and tissues, and
cause the growth of a secondary, daughter tumor
there. This process is called metastasis, and the
daughter tumor is called metastasis.

Only malignant neoplasms are prone to
metastasis. In this case, the structure of
metastases usually does not differ from the
primary tumor. Very rarely, they have even lower
differentiation, and therefore are more malignant.
There are three main ways of metastasis:
lymphogenic, hematogenic, and implantation.

a. The lymphogenic pathway of metastasis is
the most frequent. Depending on the ratio of
metastases to the lymph flow pathway,
antegrade and retrograde lymphogenic
metastases are isolated.

b. The hematogenic pathway of metastasis is
associated with the entry of tumor cells into
the blood capillaries and veins.

c. The implantation pathway of metastasis is
usually associated with the entry of
malignant cells into the serous cavity (when
all layers of the organ wall germinate) and
from there - to neighboring organs. The fate
of a malignant cell that has entered the
circulatory or lymphatic system, as well as
the serious cavity, is not completely
predetermined: it can give rise to a daughter
tumor, or it can be destroyed by
macrophages.

Currently, there are no changes in the
clinical and biochemical parameters of blood that
are specific for oncological processes. However,
recently, tumor markers (O.M.) have become

increasingly important in the diagnosis of
malignant tumors. O.M. in most cases are complex
proteins with a carbohydrate or lipid component,
synthesized in tumor cells in high concentrations.
These proteins can be associated with cellular
structures and then they are detected in
immunohistochemical studies.

A large group of O.M. is secreted by tumor
cells and accumulates in the biological fluids of
cancer patients. In this case, they can be used for
serological diagnostics. The concentration of O.M.
(primarily in the blood), to a certain extent, may
correlate with the occurrence and dynamics of the
malignant process. In recent years, there have
been a number of trends in the epidemiological
situation of cancer morbidity and mortality: first,
there has been an increase in cancer morbidity
and mortality in all countries of the world.

For many vyears, oncological diseases
have confidently occupied the 2nd place in the
structure of causes of death after cardiovascular
pathology. Since there is now a tendency to
reduce mortality from the latter, tumors have a
clear chance of becoming a leader among the
causes of death in the XXI century. Secondly, the
increase in the incidence of tumors is registered in
all age groups, but the largest number of cancer
patients are people older than 50 years. Proto-
oncogenes: these are normal cell genes that are
usually inactive. Their  activation  and
transformation into oncogenes that encode certain
oncoproteins are accompanied by cell
proliferation. Normally, this process takes place in
embryogenesis, with age-related growth of organs
and tissues, and regeneration. Antioncogenes:
Genes that have the opposite effect. The most
studied antioncogene p53. Pathological activation
of oncogenes or suppression of antioncogenes
can lead to tumor growth.

4. CONCLUSIONS:

The development of a pathological process of
an oncological nature is affected by the state of the
bone marrow. Perhaps this is the root cause of the
etiological factor. If mesenchymal stem cells are
completely absent, it can be assumed that the
body's defenses are exhausted. (in this case, the
patient died after four weeks). A significant number
of hematopoietic stem cells show that the
generalization process occurs through these stem
cells.

Mesenchymal stem cells (MSCS) are the
precursors of a number of human tissues and have
a wide range of possible applications in medicine.
The uniqueness of MSCS is that when cells are
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grown outside the body, they multiply rapidly, but
do not differentiate into anything specific until a
unique stimulus is applied. The peculiarity of
mesenchymal cells is their ability to give rise to
many cells such as muscle cells, bone cells, fat
cells, and even neurons, and hematopoietic stem
cells only all blood cell lines (
https://www.differencebetween.com/difference-
between-mesenchymal-and-hematopoietic-stem-
cells/).

Stem cells are undifferentiated or non-
specialized cells present in our bodies. They are
able to divide and give the same type of stem cells
or differentiate into specialized cells in tissues that
have specific functions. These features of stem
cells make it possible to apply them in
regenerative medicine. These two types of stem
cells each perform certain functions. Presumably,
hematopoietic stem cells are more differentiated
than mesenchymal stem cells. Mesenchymal stem
cells are a type of adult stem cells that are
multipotent and can differentiate into several
different specialized cell types, including cells of
neurons, bones, cartilage, muscle, and adipose
tissue. These cells are stromal cells or connective
tissue cells. Mesenchymal stem cells are small in
size with thin processes on the surface.

Pluripotent stem cells are also
hematopoietic stem cells, which are especially
abundant in the bone marrow of flat bones.
Hematopoietic  stem  cells provide the
hematopoietic system with all the necessary
cells.Therefore, the process of differentiation of
hematopoietic stem cells (hematopoiesis) mainly
occurs in the bone marrow. Since hematopoietic
stem cells can form any type of blood cell, they are
also called blood stem cells. In addition to the bone
marrow, there are few hematopoietic stem cells in
the peripheral blood and cord blood.

Hematopoietic and mesenchymal stem
cells of the bone marrow are multipotent. They can
differentiate into different types of specialized
cells. They are found in tissues throughout the
body. They are also found in cord blood, cord
tissue, and placental tissue. Both types of cells are
used in the repair and regeneration of damaged
tissue. The bone marrow contains both of these
types of cells. Mesenchymal stem cells facilitate
hematopoiesis.

Mesenchymal stem cells are multipotent
stem cells that can differentiate into cells of
neurons, bones, cartilage, muscle, and adipose
tissue, whereas hematopoietic stem cells are
multipotent stem cells that can differentiate into
any type of blood cell. The main difference

between mesenchymal and hematopoietic cells is
differentiation into different end cells.

Mesenchymal stem cells are now found in
many tissues. Hematopoietic stem cells are found
in the bone marrow and peripheral blood,
especially in cord blood. Both types of cells are of
great importance in the treatment of diseases.
Mesenchymal stem cells are used in the treatment
of diabetes, heart disease, liver disease, stroke
injuries, spinal cord injuries, lung cancer, etc.,
while hematopoietic stem cells are used in the
treatment of blood and bone diseases, including
blood cancer, autoimmune disorders. And some
genetic disorders, etc. So this is also the difference
between mesenchymal and hematopoietic stem
cells.

Hematopoietic and mesenchymal stem
cells ensure the restoration of tissues and organs
in case of damage, ensuring the functional state of
the body as a whole. Each type of these cells
ensures the constancy of the cellular composition
of blood and tissues
(https://www.differencebetween.com/difference-
between-mesenchymal-and-hematopoietic-stem-
cells/). Mesenchymal stem cells can differentiate
into cells of neurons, bones, cartilage, muscle, and
adipose tissue, while hematopoietic stem cells can
differentiate into blood cells of any type. In
addition, mesenchymal stem cells are present in
bone marrow. Mesenchymal stem cells have a
higher differentiation potential and create a greater
variety of cells. In hematopoietic stem cells, it is
much lower, they are responsible for the presence

First of all, a hematopoietic cell is a cell that
gives rise to all blood cells. Over time, it
differentiates and forms certain histogenetic series
for white blood cells, red blood cells, and platelets.
All these seemingly different cells came from a
single cell. The hematopoietic cell is the least
immature. The process of its maturation and
hematopoiesis begins directly in the red bone
marrow under the action of certain components
such as macrophages, reticulocytes, cytokines,
and growth factors. Stem hematopoietic cells, as
well as mesenchymal cells, are used for
transplantation, receiving them from the bone
marrow and cord blood

By their nature, mesenchymal stem cells
(MSCS) and hematopoietic cells share a common
ancestor. However, in the process of
differentiation, they have taken very different paths
histogenesis. Thus, MSCS gives rise to the
connective tissue itself, the cells lining the vessels,
and other mesenchyma derivatives.

Accordingly, getting it will be the same, but
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the application will be different. Violation of the
processes of regenerative regeneration of an
organ, accompanied by a lack of its function, is
characterized by growing and not compensated
cell death. This is facilitated by violations of
information intercellular interaction, regulated
primarily by cells of the immune system, and deep
inhibition of migration activity of stem and
progenitor cells that provide structural
replacement of differentiated dead cells. The bone
marrow is the only organ in which two different
types of stem cells coexist and interact
functionally.

The main functions of bone marrow MSCS
are 1. Formation of a hematopoietic
microenvironment (GIM). 2. The formation of a
stromal microenvironment. 3. Participation in
morphogenesis. 4.  Self-maintenance  and
recovery of the MSK pool. 5. Participation in
homeostatic reactions of the body and in the
processes of regeneration, repair, and adaptation
of the mesenchymal cell system in normal and
pathological conditions.

Mesenchymal stem cells play an important
role in the capture of hematopoietic stem cells by
the stroma (extracellular matrix and stromal cells),
differentiation of hematopoietic cell precursors into
Mature cells under the influence of various
secretory factors. It is assumed that the study of
mesenchymal stem cells of the bone marrow in
various diseases of the hematopoietic system will
help to detect the mechanisms of regulation and
maintenance of normal hematopoiesis.

Along with the increased interest in
mesenchymal stem cells, the vast majority of
research is conducted with samples of
mesenchymal stem cells from healthy subjects
and removed from various areas. On the other
hand, the presence of various pathologies of
hematopoietic cells, such as leukemia, suggested
the presence of possible compensatory adaptive
changes in mesenchymal stem cells, which are
components of the bone marrow
microenvironment, the study of which will lead to a
better understanding of the mechanism of the
development of blood pathology.
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RESUMO

Neste relatorio, filmes finos nanocristalinos de TiN foram depositados em substratos de vidro e Ti-6Al-
4V utilizando o processo de pulverizagdo por magnetron DC. Os filmes de TiN foram pulverizados usando um
alvo de Ti puro (99,9%) com 40W de poténcia em atmosfera de mistura de gas Ar/Nz. A estrutura dos filmes de
TiN foi caracterizada por difracdo de raios-X, ja que os filmes preparados exibiam uma orientagao preferida
(200), enquanto o filme recozido a 500 °C mostra os (111), (200) e (311). Filmes de TiN policristalinos, cubicos
e orientados a (111) foram produzidos com temperatura de recozimento de 500 °C. O efeito da temperatura
depositada nas morfologias microestruturais dos filmes finos foi estudado por Microscépio Eletrénico de
Varredura por Emissdo de Campo (FESEM). O tamanho das particulas dos filmes de TiN pulverizados variou
de 50 a 70 nm e foi fortemente influenciada pelas temperaturas de recozimento, a morfologia dos filmes
depositados antes e apds o recozimento apresenta uma aglomeragao caracteristica de particulas. A analise de
polarizagdo potenciodindmica dos filmes de TiN confirma a relagdo inversa entre resisténcia de polarizagao e
corrente de corrosdo. Também foram obtidas as medidas de biocorrosdo para filmes de TiN depositados no
substrato Ti-6Al-4V em solugéo de NaCl a 3,5%. Foi observada uma clara melhoria na resisténcia a corroséao, e
em oposi¢ao as nao tratadas, especialmente para amostras de TiN/Ti-6Al-4V com recozimento térmico (500
°C). A taxa de corroséao foi de 0,1458 mm/ano para a amostra ndo revestida, enquanto que nas amostras de
TiN/Ti-6Al-4V apos o recozimento foi de 2,668-10 mm/ano. O potencial médio de corrosao calculado foi 0,117
V. Os resultados confirmaram que as ligas revestidas com tratamento térmico a 500 °C exibiram um melhor
comportamento eletroquimico em comparagdo com as ligas nao revestidas e ndo tratadas termicamente,
possivelmente devido ao melhor grau de coesao dos revestimentos.

Palavras-chave: Técnica PVD, filmes finos, nitreto de titanio, liga Ti-6Al-4V, biocorrosao.
ABSTRACT

In this report, TiN nanocrystalline thin films were deposited on glass and Ti-6Al-4V substrates using a
DC-magnetron sputtering technique. The TiN films were sputtered using a pure Ti target (99.9%) with 40W of
power in Ar/N2 gas mixture atmosphere. The structure of the TiN films was characterized by X-Ray diffraction,
as prepared films exhibited a (200) preferred orientation, while film annealed at 500 °C shows the (111), (200)
and (311). Polycrystalline, cubic, (111)-orientated TiN films were produced by annealing temperature of 500 °C.
The effect of deposited temperature on the microstructural morphologies of the thin films was studied by Field
Emission Scanning Electron Microscope (FESEM). The particle size of the sputtered TiN films ranged from 50
to 70 nm and was strongly influenced by annealing temperatures, the morphology of the films deposited before
and after annealing has a characteristic agglomeration of particles. Potentiodynamic polarization analysis of the
TiN films confirms the inverse relationship between polarization resistance and corrosion current. The
biocorrosion measurements for TiN films deposited on the Ti-6Al-4V substrate in 3.5% NaCl solution have also
been obtained. Clear improvement in the corrosion resistance was observed rather than for untreated,
especially for thermally annealed (500 °C) TiN/Ti-6Al-4V samples. The corrosion rate was 0.1458 mm/y for the
uncoated sample, while 2.685-10 mm/y for TiN/Ti-6Al-4V in samples after annealing. The average corrosion
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potential calculated was - 0.117 V. The results confirmed that coated alloys with 500 °C thermally treated
exhibited a better electrochemical behavior compare with uncoated and non-thermally treated alloys possibly
due to the better cohesion degree of the coatings.

Keywords: PVD technique, thin films, titanium nitride, Ti-6Al-4V alloy, biocorrosion.
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1. INTRODUCTION:

Titanium nitride has shown its potential
application in various industries including an anti-
corrosive coating or a hard coating on cutting
tools because of its important properties such as
corrosion resistance and high hardness (Borah,
Pal, Bailung, and Chutia, 2008; Fenker, Balzer,
Kappl, and Banakh, 2005). TiN thin films have
been prepared using several methods such as
electrodeposition (Ma, Jiang, and Xia, 2017),
dynamic mixing (Takano, Isobe, Sasaki, and
Baba, 1989), hollow cathode discharge ion
plating(Chou, Yu, and Huang, 2001), and pulsed
laser deposition (Xu, Du, Sugioka, Toyoda, and
Jyumonji, 1998). However, DC-magnetron
sputtering was mostly used to deposit TiN thin
films, and this method presents a high ionization
rate (> 40 %) which make it a good technique to

obtain dense coatings (Kouznetsov, Macak,
Schneider, Helmersson, and Petrov, 1999;
Manouchehri, AlShiaa, Mehrparparvar, Hamil,

and Moradian, 2016; Paulitsch, Mayrhofer, Miinz,
and Schenkel, 2008; Paulitsch, Schenkel, Zufraf,
Mayrhofer, and Minz, 2010), as well as good
mechanical properties, increase the adhesion
between the film and the ceramics and/or metals
substrates (Schoénjahn et al., 2000). The
deposition of TiN using magnetron sputtering has
significant specific advantages such as low levels
of impurities and easy control of the deposition
rate. This method enables the production of thin
films in various morphology and crystallographic
structures (Kelly and Arnell, 2000; Khalaf,

Hassan, Khudiar, and Salman, 2020).

The use of Ti and TiN films as protective
coatings is rapidly growing so that it is important
to know their corrosion properties. Also, Ti
compounds and its alloys such as Ti-6Al-4V and
TiN, in particular, are being increasingly used as
biomaterials (Manso-Silvan, Martinez-Duart,
Ogueta, Garcia-Ruiz, and Pérez-Rigueiro,
2002), they also have excellent properties, e.g.,
biocompatibility, corrosion resistance, low
density, mechanical strength, and relatively low
cost. These properties make titanium and its
alloys a potential dental implant material. Among
these features, the corrosion resistance is of
great importance, not only because it
determines the device’s service life, but also
because of the harmfulness of the corrosion
processes taking place in the living organismo
(Veiga, Davim, and Loureiro, 2012).

This paper reports data for TiN thin films
grown on glass and Ti-6Al-4V substrates by
using DC magnetron-sputtering deposition. The
corrosion behavior was investigated by
measuring the polarization curve (Tafel). We
focus on the annealing temperature in
controlling the structural and corrosion
properties of the TiN films produced.

2. MATERIALS AND METHODS:
2.1. Experimental

TiN thin films were deposited on glass,
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and Ti6Al4V substrates by D.C were sputtering.
The glass substrates were cleaned ultrasonically
by ethanol and deionized water for 15 min before
sputtering and then loaded to the substrate
holder of the sputtering machine. Corning # 7059
glasses (30 x 40x¢1.2 mm?3) were used, while the
Ti-6Al-4V samples were cut to 20 mm x 20 mm
diameter then grinded by 500 microns SiC
grinding paper. The substrates were cleaned by
using ultrasonic twice in ethanol 96% (Sigma
Aldrich, England), then by distilled water for 15
min and allowed to dry in discaiter at room
temperature for 24 h (Hamil, Siyah, and Khalaf,
2020). The sputtering target was a pure Ti disc
(99.99%, 2 inches, and diameter 5 mm thick).
The base pressure was 1-10° Torr, and the
sputtering was carried out in Ar:N2 (90:10)
atmosphere. Before starting the deposition, the
target was pre-sputtering for 15 min with a shutter
located between the target and substrate. During
all depositions, the target to substrate distance
and sputtering power were adjusted at 60 mm
and 40 W, respectively. The pressure of the
sputtering chamber was pumped down to 5-103
Torr before deposition. Then nitrogen gas was
introduced into the chamber, and the required
pressure was set. After that, argon gas was
introduced until the preset pressure was reached.

When the preset total pressure was
reached, the nitrogen was shut off, and the target
was preset in an argon atmosphere for around 10
min to avoid the target's surface oxide layer. After
presputtering, the nitrogen gas was again
introduced into the chamber with a flow rate ratio
of Ar(90)/N2(10), and the sputtering process
starts. The sputtering conditions are listed in
Table 1.

The structural properties of TiN films were
obtained by the X-ray diffraction (Philips Geiger
using CuKa (A = 1.54 A). The FE-SEM (TESCAN
MIRA3) was used to observe the morphology of
the films. The corrosion process was determined
using ASTM G1-03/ASTM G102, and the
corrosion  behavior was investigated by
measuring the polarization curve (Tafel).

3. RESULTS AND DISCUSSION:
3.1 X-Ray diffraction

Figuere 2 shows X-ray diffraction patterns
of the samples before and after heat treatment at
500 °C for 2 h. The low intensity of the X-ray
diffraction peaks, as well as its large widths,
clearly indicates that the deposited films are not
fully crystalline and that a large fraction of the

films are still amorphous and are in agreement
with previous studies (Vasu, Krishna, and
Padmanabhan, 2011). As-deposited Titanium
nitride films deposited before thermal annealing
shows a single crystalline peak corresponding to
a plane (200) at 26 =36.86° for comparison
(JCPDS file number 77-1893) (Vasu et al., 2011).
The Bragg angle of the plane (200) had shifted to
another angle. Close examination of the XRD
pattern of the thermally annealed films deposited
at 500°C with deposition time 2 h revealed that
the tetragonal TiN phase had appeared more
clearly with planes (111) and (311) (Chawla,
Jayaganthan, and Chandra, 2008; Fenker et al.,
2005). At 500 °C thermally annealed thin films,
the intensity of the Bragg reflections had
increased in comparison with the as deposited
thin films, at higher annealing temperatures,
thermal energy enhances the mobility of the
active sites, and this leads to grain growth

(Kavitha, Kannan, Reddy, and Rajashabala,
2016), which is evidence for improved
crystallinity.

The XRD pattern of the deposited film
shows a weak peak at 37°, which can be related
to the (111) crystallographic orientations of TiN
with a face-centered cubic (FCC) structure
(JCPDS card number 02-1159) (Kavitha et al.,
2016). It is known that the FCC structure of TiN
may form when nitrogen atoms occupy all the
octahedral sites of titanium with hexagonal close-
packed (HCP) or body-centered cubic (BCC)
structures. This transformation in titanium
structure from HCP and BCC to FCC occurs due
to the accommodation of nitrogen atoms with a
small size in the interstitial sites of Ti with the
larger size. The absence of a titanium peak in the
XRD pattern demonstrates the absence of Ti
atoms in the structure of the films and completes
the nitride formation process. The competition
between the surface energy, the strain energy,
and the stopping energy of different lattice planes
of a film affect the preferred orientation and
lowest total energy of the film (Pelleg, Zevin,
Lungo, and Croitoru, 1991; Zhao et al., 1997). In
the case of TiN film, the direction of the lowest
energy is (111) direction. Annealing, the film did
not influence the preferred orientation but
increased the intensity of the peak. By increasing
the annealing temperatures to 500 °C, TiN (111),
peak intensity is increased. Thermal energy
produced by annealing leads to the enhancement
of mobility of active sites. The increase of mobility
can be attributed to grain growth and the
reduction of defects during the annealing
treatment (Wang et al., 2013).
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3.2 Surface morphology of the TiN layers

Typical FESEM images of TiN films
deposited on glass substrates under different
deposition currents, before and after annealing at
400 and 500 °C, are shown in figure 3 (a —f). The
amorphous particles and nonuniform clumps
were observed before heat treatment. The
agglomeration of the particles resulted in the
formation of clusters. The FESEM micrograph of
as-deposited TiN revealed that the average
particle size of TiN is in the range of (25 nm). It is
found that the TiN crystallite size has been
increased after annealing, where the average
particle size of TiN coated at 400, and 500 °C
increased to 50 nm to 70 nm, respectively. The
increase in annealing temperature (i.e., The
crystallinity of the film increases), provides extra
energy to the adatoms and results in increasing
order of the microstructure and particle size.
However, the excessive supply of annealing
temperature may cause a degradation of the
preferred orientation, and the film will suffer from
the bombardment of highly energized particles,
resulting in internal defects of the film (Chen,
McEwen, Zaveri, Karpagavalli, and Zhou, 2012).

3.3 Corrosion measurements

Various electrochemical techniques have
been applied to study the behavior of corrosion,
for example, potentiodynamic polarization (Tafel
analysis). Tafel analysis is a well-established
electrochemical technique, and the current is
recorded when the open-circuit potential is
imposed on a metal sample. The corrosion rate
calculated from combined Equation 1 and 2

(Chen et al, 2012; Hamil et al., 2020),
polarization resistance (Rp) has an inverse
relationship with corrosion current.

I, =_——a (Eq. 1)

CErr T 3 g R (F 400

Where, . =
Tafel slope.

anodic Tafel slope, [ =cathodic

. I
Corrosion Rate (C.R) = -2LLxKxEW

T A (Eq. 2)

K= constant that define the units of the corrosion
rate = 3.272-10° mm/(pA year), EW= equivalent
weight (g/equivalent) = 11.768 g/eq., d = density
(g/cm?®) = 4.420 g/cm3, A = sample area (cm?) =
0.151 cm?.

The polarization curve  (Tafel)  diagram
for TiN coated on Ti6Al4V alloy were presented in
figure (4). When the Ti6Al4V alloy was immersed
in simulated biological 3.5% NaCl solution
(Bodunrin, Chown, van der Merwe, and Alaneme,
2018; Bodunrin, Chown, van der Merwe, and
Alaneme, 2019; Dai, Zhang, Zhang, Chen, and
Wu, 2016), the average corrosion potential is (-
0.117) V. The corrosion potential shifted to the
cathode side for samples coated with TiN before,
and after annealing, the potential values were -
0.0547 and -0.048 V, respectively. Moreover, the
corrosion current lcor Was obtained from the
polarization curves by extrapolation of the anodic
and the cathodic branches of the polarization
curve to the corrosion potential. The corrosion
current of TiN films before and after annealing
were 4.6323.108% and 4.6541.10° A/cm?,
respectively. Also, the corrosion rate of coated
samples was lower compared with Ti-6Al-4V
alloy, and this was expected because the
reduction in corrosion rate means the reduction in
weight loss from sample material. The weight
loss (W) was calculated from Equation 3 (Hamil
et al., 2020), Table (2).

W = Corr.Rate my—m Xxp x317x107° (Eq. 3)

Also, open-circuit potential (OCP) is the
other typical technique to study the corrosion.
Figure (5) shows the variation of OCP with
immersion time for TiN coated Ti-6Al-4V alloy in
3.5 NaCl% solution at 25 °C. The initial OCP for
uncoated Ti-6Al-4V was - 0.772 V, the potential
gradually increased to be - 0.512 and 0.067 V for
the samples TiN coated before and after thermal
annealing.

In general, the coated samples show a
positive shift in corrosion potential value and
decreasing in both corrosion current and
corrosion rate values in comparison with the bare
substrate. Moreover, a positive shift in corrosion
potential value and decreasing in both corrosion
current and corrosion rate values with thermal
annealing are observed. These results can be
ascribed to the formation of a passive layer.

4. CONCLUSIONS:

TiN films were prepared by DC-magnetron
sputtering technique, film annealed at 500 °C
exhibited cubic phase TiN. It has been observed
that the particle sizes and corrosion properties
were strongly influenced by temperature
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annealing, where the average particle size
increased to 50 and 70 nm for the films heated at
400 and 500 °C. The corrosion rate of TiN film

deposited on Ti-6Al-4V

substrate decreased,

where it was 0.1458 mm/year for uncoated
sample while being 2.685-10“4 mm/year TiN for
the sample annealed at 500 °C, this sample also
presents the polarization resistance (Rp) of 3247
KQ/cm?2, while it was 1.719 KQ/cm? for the
uncoated sample.
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Figure 2. The X-ray diffraction of TiN films deposited on a glass substrate.
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Figure 3. (a-b) FESEM image and histogram of TiN film before annealing, (c-d) FESEM image and
histogram of TiN film coated at 400 °C, (e-f) FESEM image and histogram of TiN film coated at
500°C. TiN films deposited on glass substrates by D.C sputtering method.
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Figure 4. Polarization curves (Tafel) for TiN films deposited on Ti-6Al-4V alloy by D.C sputtering at 40
W for 2 hours. (A)Ti-6Al-4V alloy, (B) TiN coated Ti-6Al-4V alloy (C)TiN coated Ti-6Al-4V alloy with
thermal annealing.
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Figure 5. Open-circuit potential variation with time curve of TiN coated on Ti-6Al-4V alloy by D.C
sputtering 40 W for 2 hours. (A)Ti-6Al-4V alloy, (B) TiN coated Ti-6Al-4V alloy (C) TiN coated Ti-6Al-
4V alloy with thermal annealing.
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Table 1. Reactive DC sputtering conditions for depositing TiN thin films

Parameters Values
Total pressure (Torr) 5103
Sputtering power (Watt) 40
The target to substrate distance (mm) 60
Substrates glass, Ti6AL4V

Gases mixture ratio (Ar:N2) .

Deposition time (hour) (90:10)
Substrate temperature 2

373K

Table 2. Corrosion characteristics of Ti-6Al-4V samples coated with TiN.

Item lcorr. B. B, Corrosion Corr.Rate Rp Weight loss
Amp/cm? (vol)  (vol) potential (mmly) KQ/cm? (mg.cm?2s)
(vol)
Ti6Al4V alloy 2.528-107 0.097 0.587 -0.117 0.145 1.719 2.043-10°
TiN coated Ti-6Al-4V 4.632.10® 0.069 0.569 -0.054 2.667-107 580 3.738-10

alloy
TiN coated Ti-6Al-4V 4.654-10°° 0.049 0.119 -0.048

alloy with thermal
annealing.

2.685-10* 3247 3.763-10°12
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RESUMO

Varios polimorfismos em diferentes l6cus génicos afetam caracteristicas de produgéo, como rendimento
e composicéo do leite. O presente estudo teve como objetivo determinar a frequéncia alélica e genotipica do
gene DGAT1 e avaliar as associagfes entre variantes genéticas do DGAT1 e producéo de leite e sua composicao
guimica de bovinos iraquianos locais. Amostras de sangue de 100 vacas foram obtidas para isolamento do DNA.
O iniciador usado neste estudo amplificou fragmentos de 411-pb no exon 8 do gene DGAT1. Métodos de
sequenciamento de DNA foram aplicados para detectar polimorfismo de nucleotideo Unico do gene DGAT1 em
100 vacas. As sequéncias nucleotidicas do exon 8 do gene DGAT1 foram registradas para bovinos iraquianos
locais no Centro Nacional de Informacdes de Biotecnologia (NCBI), Banco de Dados de DNA do Japéo (DDBJ)
e Arquivo Europeu de Nucleotideos (ENA) sob os seguintes nimeros de acesso (LC492073 e LC492074). Os
resultados mostraram a presenca de dois sitios polimérficos, levando a construgcé@o de 2 haplétipos diferentes na
vaca. A diversidade de haplétipos foi de 0,536, enquanto a diversidade de nucleotideos foi de 0,0031. Foram
detectados dois locais de polimorfismo de nucleotideo Unico (SNP) do gene DGAT1, a saber A10433G (A/G) e
A10434C (A / C). O resultado dessa mutacao altera a substituicdo da lisina por alanina na posi¢éo 232 (mutacéo
A232K) da sequéncia de aminoacidos. O software genético V. 2020.0.4 foi utilizado para detectar genétipos do
gene DGAT1, pois o alinhamento da sequéncia mostrou a presencga de trés genotipos. As frequéncias genotipicas
de KK, KA e AA foram de 0,40, 0,30 e 0,30, respectivamente. As frequéncias dos alelos K e A foram de 0,60 e
0,40, respectivamente. O genétipo KK foi significativamente (P <0,05) associado ao maior rendimento de gordura.
Portanto, o gene DGAT1 poderia servir como um marcador genético para a sele¢cdo do rendimento de gordura
em vacas.

Palavras-chave: Gene DGAT1, gado iraquiano local, producao de leite, polimorfismo de nucleotideo Unico.

ABSTRACT

Several polymorphisms in different gene loci have been noted to affect production traits such as milk yield
and milk composition. The present study aimed to determine the allelic and genotypic frequency of the DGAT1
gene and evaluate the associations between DGAT1 genetic variants and milk yield and its chemical composition
of local Iraqi cattle. Blood samples from 100 cows were obtained for DNA isolation. The primer used in this study
amplified 411-bp fragments at exon 8 of the DGAT1 gene. DNA sequencing methods were applied to detect single
nucleotide polymorphism of the DGAT1 gene in 100 cows. The nucleotide sequences of exon 8 of the DGAT1
gene were registered for local Iragi cattle in the National Center for Biotechnology Information (NCBI), DNA Data
Bank of Japan (DDBJ), and the European Nucleotide Archive (ENA) under the following accession numbers
(LC492073 and LC492074). The results showed the presence of two polymorphic sites leading to the construction
of 2 different haplotypes in the cow. Haplotype diversity was 0.536, while nucleotide diversity was 0.0031. Two
single-nucleotide polymorphism (SNP) loci of the DGAT1 gene were detected, namely A10433G (A/G) and
A10434C (A/C). The resulting of this mutation changes lysine to alanine substitution at position 232 (A232K
mutation) of amino acid sequence. Geneious software V. 2020.0.4 was used to detect genotypes of the DGAT1
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gene, as the sequence alignment showed the presence of three genotypes. The genotypic frequencies of KK, KA,
and AA were 0.40, 0.30, and 0.30, respectively. Frequencies of K and A alleles were 0.60 and 0.40, respectively.
The KK genotype was significantly (P<0.05) associated with higher fat yield. Therefore, the DGAT1 gene could
serve as a genetic marker for the selection of fat yield in cows.

Keywords: DGATL1 gene, local Iraqi cattle, Milk yield, single-nucleotide polymorphism.
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1. INTRODUCTION:

Iragi local cattle are scattered on most
areas and differ in appearance from each other
and are believed to be due mostly to the origins of
Indian cows (Zebu) where they have similar
characteristics of the species (Bos Indicus), which
occupy the hot areas, it differs from European
cattle belonging to the Bos Taurus (Paulson and
Thompson, 2015). Among these, Jenoubi is found
in the southern, more humid part of Irag. Alshawi
et al.,, (2019) showed that a significant level of
genetic diversity in indigenous Iragi cattle in line
with their history and genome-wide analysis
releases the genes that play an important role in
immunity (parasitic, bacterial disease) and other
environmental adaptive traits (heat tolerance).

The synthesis of milk components has to
be increased to improve the efficiency of milk
production. This may be carried out by way of
combining genetic enhancements and true
management, which include improving the
availability of the vital nutrients that the udder uses
to produce milk. After advances in molecular
biology, it became clear that DNA transcription in
a laboratory and identifying the form of the
genome that made up it became a compelling
manner to persuade the phenotypic systems of
individuals. In addition to transcription, many post-
translation events could significantly affect the
phenotype, along with protein phosphorylation
constitutes a primary one (Osorio et al., 2016).

The amount of milk, milk fat, and proteins
are important traits in the dairy cattle breeding.
Milk production depends on the ability of the
mammary gland to metabolize fat. Milk fat consists
of approximately 98% triglycerides, and the acyl-
CoA: diacylglycerol acyltransferase 1 (DGAT1)
enzyme has an essential function in milk fat
synthesis because it catalyzes the final step in the
formation of triglycerides (Lu, et al.,, 2015).
Evidence has pointed to the role of DGAT1
enzyme on milk yield and composition (Cole et al.,
2011).

The  Diacylglycerol  Acyltransferase-1
(DGAT1) gene is one of the functional candidate
genes affecting milk composition traits (Juhlin et
al.,, 2012). The cattle DGAT1 gene is located on
chromosome 14 and contains 17 exons ((LeSkova
et al., 2013). The dinucleotide change (AA/GC) at
positions 10433 and 10434 (rs AJ318490.1) in
exon 8 leads to a non-conservative substitution of
Lysine by Alanine at position 232 and has been
shown to affect milk yield strongly and milk
composition in Italian Holsteins (Bobbo, et al.,
2018), White Fulani and Borgou cattle breeds
(Houaga et al., 2017) and Holstein, Simmental and
Brown Swiss cattle breeds in Croatia (Dokso et al.,
2015). In a study, demonstrated that the lysine
variant, which represents the “wild type” and is
defined by K allele, is characterized by a higher
velocity rate in producing triacylglycerols than the
A allele (alanine variant) and thus increasing the
fat content in animal milk (Grisart et al., 2004). In
animals with KK genotype, DGATL1 activity of KK
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genotype was reported to be five times higher than
AK and AA individuals (Lacorte et al., 2006)

This study aimed to provide an overview of
the association between DGATL1 polymorphisms
and milk yield and its chemical composition of local
Iraqi cattle.

2. MATERIALS AND METHODS:

The present study was undertaken in the
Genetic Engineering Laboratory, Department of
Animal Production, College of Agriculture,
University of Basrah, Iraq.

2.1. Animals and genomic DNA isolation

The study included the use of 100 Iraqi
local cattle. Farmers own the animals used in this
study. Before sampling, the objectives of the study
were explained to them in their local languages so
that they could make an informed decision
regarding giving consent to sample their animals.
Government veterinary, animal welfare, and
health regulations were observed during sampling
of the populations analyzed here. The procedures
involving animal sample collection also followed
the recommendation of directive 2010/63/EU.
Collection of blood samples was permitted by the
Iragi Ministry of Agriculture.

The blood samples (5ml/cow) from the
jugular vein were collected and immediately
transported to the laboratory in a cool box
containing ice and stored at -20°C until further
analysis. A 50 ml tubes were used to collect milk
samples and sent to the physiology laboratory
(College of Agriculture, University of Babylon) for
the analysis of milk components by Funke Gerber,
Germany.

Genomic DNA was extracted from the
whole blood using gSYNC™ DNA Extraction Kit
manufactured by the Taiwanese Geneaid
company. The DNA concentration was determined
using Nanodrop Thermo scientific
spectrophotometer (260/280) and then diluted to
the final working concentration of a 50 ng/pl. A
fragment (411bp) of the DGAT1 gene in cattle by

using the primer F: 5'-
GCACCATCCTCTTCCTCAAG-3' and R: 5-
GGAAGCGCTTTCGGATG-3" (Kaupe et al.,

2004). The PCR amplifications were conducted in
a 50 pl volume containing 6 pl genomic DNA, 25
ul of Master Mix, 2 pl each primer, 15 ul free water.
The amplification conditions included one cycle of
denaturation at 94° C for 2 min and 35 cycles for
30 min, 30 sec of annealing at 59°C, and extension
at 72°C for 45 sec, as well as the final extension at

72°C for 10 min. The PCR results were extracted
using apparatus at 2% agarose gel with the
visualized by contact with ultraviolet light. The
PCR product was sequenced by Yang ling Tianrun
aoka biotechnology company.

2.2. Data analysis

The sequencing results of the DGAT1
gene were compared with accession No.
MF351623 at the NCBI by BioEdit 7.0 software
(Hall, 1999). Haplotype diversity (HD) and
nucleotide diversity (1) were analyzed using
DnaSP V5. 10 software (Librado and Rozas,
2009). The Geneious prime (version 2020.0.4)
program was used to detect genotypes.

2.3. Statistical analysis

The Completely Randomized Design
(CRD) was used to analyze the production data
studied within the SPSS (2016) Statistical program
Version 24. Least Significant Test within the
program was performed to compare different
means.

3. RESULTS AND DISCUSSION:

The nucleotide sequences of exon 8 of the
DGATL1 gene were registered for Iragi local cattle
in the National Center for Biotechnology
Information (NCBI), DNA Data Bank of Japan
(DDBJ), and the European Nucleotide Archive
(ENA) under the following accession numbers
(LC492073 and LC492074).

3.1. Genetic Diversity

The results of the genetic diversity of the
DGAT1 gene showed that their total number of
sequences (N) was 100, and the number of
haplotypes (H) was 2 haplotypes resulting in 2
genetic polymorphisms (NH). The values of
haplotype diversity (HD) and nucleotide diversity
(1) were 0.536 and 0.0031, respectively (Table 1).

The results in Figure 1 and Table 2 showed
the analysis of nucleotides and protein of exon 8.
They recorded two SNPs; adenine (A) to guanine
(G) and adenine (A) to cytosine (C) in position
10433 and 10434, respectively. Thus, the amino
acids changed to A232K.

The sequencing analysis of the DGAT1
gene at exon 8 revealed three genotypes namely,
KK, KA and AA in this fragment (Figure 2). The
genotypic frequencies are shown in Table 3 (0.40,
0.30 and 0.30 respectively). Two different alleles
K and A were identified. All alleles were present in
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the studied animals but at different frequencies
(0.60 and 0.40, respectively).

In this study, the higher frequency of the K
allele (lysine variant, 0.60) at the DGAT1 locus
was in line with reported frequencies in Kenya
(Houaga et al., 2017) alleles were 0.91 and 0.77 in
White Fulani and Borgou breeds respectively,
Croatia (Dokso et al.,, 2015), New Zealand
(Spelman et al., 2002) and Greece (Oikonomou et
al., 2009), with values of 0.77, 0.60 and 0.62,
respectively. But slightly different from other
regions in German (Kaupe et al., 2007), UK
(Banos et al., 2008), Polish (Nowacka-Woszuk et
al., 2008) and France (Vanbergue et al., 2016)
Holsteins showed very similarly K allele frequency,
ranging from 0.53 to 0.55. The differences in
DGAT1 gene allele frequencies in different
countries and regions may be due to differences in
inbreeding and selection programs.

3.2. DGAT1 Polymorphisms and Milk Chemical
Content

The present study supports the hypothesis
that genotypes located within the DGAT1 gene
may be associated with milk production traits in
dairy cattle. The results were consistent with work
in dairy cattle showing that the allele responsible
for lysine (K) is usually associated with increased
milk fat (Table 4). As in the following studies in
Denmark (Bovenhuis et al., 2015), Croatia (Dokso
et al.,, 2015) and Kenya (Houaga et al., 2017).
However, the effect of diallelic DGAT1 on milk
production traits also can be partly explained by
the presence of multiple alleles in the locus of
DGAT1 or other mutations in genes closely related
(Kuhn et al., 2004). The K allele is associated with
a high-fat yield in milk (Argov-Argaman et al.,
2013), the A allele is associated with high milk
yield (Marchitelli et al., 2013). Previous studies on
Bos Taurus and Bos indicus had determined the K
allele index as a wild type and inferred that the
replacement of A allele had occurred after the
separation of the Bos Taurus and Bos indicus
lineages (Kaupe et al.,, 2007). It was well
documented that DGAT1 encoded an enzyme
play a major role in the synthesis of triglycerides
(Ali, 2015). Triglycerides are the major
components of fat are formed by binding of
diacylglycerol to long-chain fatty acyl-CoAs. These
reactions controlled by some enzymes, one of
them encoded by the DGAT1 gene (Klimov, et al.,
2018). After these findings, DGAT1l was
recommended as a functional candidate gene for
milk production traits (Houaga et al., 2018).

4. CONCLUSIONS:

A significant association between the KK
genotype of the DGAT1 gene with higher fat yield
in Iraqi local cattle was detected. These results
implied that the DGAT1 gene could be great
candidate genes or linked to significant genes that
affect milk production traits in cattle.
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Table 1. Genetic Diversity of Iragi Local Cattle Breed in the sample study

Number of | Haplotype Number of Haplotype | Nucleotide
Gene Sequences | Number | Polymorphisms Diversity Diversity
(N) (H) (NH) (HD) (1)
DGAT1 100 2 2 0.536 0.0031

Table 2. Type of amino acid change in the DGAT1 gene in Iraqi local cattle.

Location of Nucleotide change Amino acid Type of mutation
mutation change
232 AAG>GCG Ala > Lys Transition

Ala: Alanine, Lys: Lysine

Table 3. Genotype and Allele frequency of the DGAT1 gene in the sample study.

Breed Number of | Genotype | Frequency Allele frequency H.W.E
animals (x2-value)
40 KK 0.40 K 0.6
Iraqi local 0.02
30 AA 0.30
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Table 4. Association of DGAT1 K232A polymorphisms on milk composition in Iragi local cattle.

Genotype Fat (%) Protein (%) Lactose (%) SNF (%)
KK 4.35 3.00 4.31 7.68
KA 3.59 3.25 4.37 7.81
AA 3.50 3.08 3.89 7.96
Total 3.86 3.10 4.20 7.80
*Significant at (P>0.05)
MEF351623 10274 ACCTCTGGTGCCGRAGAGCGCAGGGCTGEGGCCRRAGECCAAGGCTGETGAGGGCTGCCTCE 10333
AR RN RN RN R R RN R RN R RN RN AR NN R RN AR
LC452074 1 BCCTCTGGETGCCGRGAGCGCAGGGCTGEGECCAAGGCCRAGGCTGETGAGGGCTGCCTCE 60
ME351623 10334 GGUTGEEECCACTGGGCTGCCACTTGCCTCGGGACCGGCAGGGGCTCGGCTCACCCCCGA 10393
AR RN RN RN R R RN R RN R RN RN AR NN R RN AR
LC492074 61 GGECTGEGECCACTEEECTSCCACTTGCCTCGGGACCGECAGGGGCTCGGCTCACCCCCGRA 120
MF2516232 10394 CCCGCCCCCTGCCGCTIGCTCGTAGCTTTGGCAGGTRAAGRAGGCCARCGGGGGAGCTGCC 10453
AR RN RN RN RN RN RN R AR RN RN RN RN R R RN
LC452074 121 CCCECCCCCTGCCGCTTGCTCEGTAGCTTTGGCAGETARGGCGGCCRACGGEGGAGCTGCC 180
MF3251623 10454 CAGCGCACCGTGRAGCTRACCCCGACARACCTGACCTACCGCGGTGAGGATCCTGCCGEEGGC 10513
AR RN RN RN R R RN R RN R RN RN AR NN R RN AR
LC452074 181 CRAGCGCACCGTGAGCTACCCCGACRACCTGACCTACCGCGETGAGGATCCTGCCGSGGGE 240
ME251623 10514 TGGEGEGEEGACTGCCCGGECGECCTEECCTGCTAGCCCCGCCCTCCCTTCCAGATCTCTACTA 10573
AR RN RN RN R R RN R RN R RN RN AR NN R RN AR
Lc492074 241 TEEGEEEEACTGCCCGECEECCTGGCCTGCTAGCCCCGCCCTCCCTTCCAGATCTCTACTA 300
MF251622 10574 CTTCCTCTTCGCCCCCACCCTGTGCTACGAGCTCRACTTCCCCCGCTCCCCCCGCATCC 10632
RN RN RN RN R RN R RN AR RN RN N AR RRRRR RN
LC452074 301 CTTCCTCTTCGCCCCCACCCTGTGCTACGAGCTCAACTTCCCCCGCTCCCCCCGCATCC 359

Figure 1. Sequencing of DGAT1 gene in Iraqi Local Cattle in gene bank (LC492074) vs. reference

Sequencing (MF351623).

N G s G

Figure 2. The sequencing of genotypes namely, KK, KA and AA in exon 8 of the DGAT1 gene of

Iraqi local cattle

Periédico Tché Quimica. ISSN 2179-0302. (2020); vol.17 (n°35)
Downloaded from www.periodico.tchequimica.com

180



-PERI()DICO TCHE QUIMICA

ARTIGO ORIGINAL

EXTRATO DE SEMENTES DE ABOBORA COMO INIBIDOR DE CORROSAO DE LIGA DE
ACO LEVE EM SOLUCAO ACIDA

THE EXTRACT OF PUMPKIN SEEDS AS A CORROSION INHIBITOR OF MILD STEEL
ALLOY IN ACIDIC SOLUTION

JASIM, Ekhlas Qanber?; ALASADI, Erfan A.:; MOHAMMAD-ALI, Munther Abduljaleel**

1 Pharmaceutical Chemistry Department, College of Pharmacy, University of Basrah, Basrah, Iraq

* Corresponding author
e-mail: munther.ali@uobasrah.edu.iq

Received 05 March 2020; received in revised form 25 March 2020; accepted 06 April 2020

RESUMO

O problema da corrosdo nas fabricas e instala¢des vitais continua sendo um dos obstaculos mais
importantes que atrasam o progresso da producdo e o aumento de sua quantidade. Para resolver o problema de
corroséo, muitos inibidores inorganicos e organicos tém sido usados. Recentemente, foram utilizados inibidores
feitos de extratos vegetais, mais baratos e ambientalmente amigéveis. A inibicdo do extrato de sementes de
abdbora na liga de aco leve a corrosdo no meio &cido foi investigada por espectroscopia da impedancia
eletroquimica, técnica eletroquimica e método de perda de massa com solugdo aquosa estatica ambiental. O
efeito das concentracdes de inibidores (10-50 mg/L) e o tempo de imerséo (1 a 5 h) foram estudados na eficiéncia
da inibicao (n%) do extrato em aco leve (AL) imerso em uma solugdo de HCI 0,5 M. Todas as técnicas mostraram
resultados muito bons nos valores do coeficiente de inibicdo. O percentual étimo de n estava na faixa de 71 a
76%, dependendo do método utilizado. O tempo ideal foi de 5 horas. Os resultados das curvas de Tafel
mostraram uma visdo clara do comportamento do extrato, que atua como inibidor do tipo misto. Além disso, o
teste de microscopia de for¢ca atdmica foi aplicado para o estudo da morfologia da superficie da liga. Pelo exposto,
o extrato de plantas de abdbora pode ser de grande beneficio na inibicdo da corroséo na indistria.

Palavras-chave: AFM, Corrosdo, Impedéancia eletroquimica, Polarizacdo potenciodindmica, Sementes de
abdbora.

ABSTRACT

The problem of corrosion in factories and vital installations remains one of the most important obstacles
that delay the progress of production and the increasing of its quantity. To solve the problem of corrosion, many
inorganic and organic inhibitors have been used. Recently, inhibitors made from plant extracts, cheaper and
environmentally friendly, were used. The inhibition of pumpkin seed extract on the corrosion mild steel alloy in the
acidic medium was investigated using spectroscopy of the electrochemical impedance, Electrochemical technique
and mass losing method with a static environmental aqueous acidic solution. Effect of inhibitor concentrations
(10-50 mg/L) and immersion time (1-5 h) was studied on the inhibition efficiency (n%) of the extract on Mild Steel
(MS) immersed in a 0.5 M HCI solution. All techniques showed very good matching results in the inhibition
coefficient values. The optimum n% was in the range 71-76% depending on the method used. The optimum time
was 5 hours. Tafel curves results showed a clear view of the extract behavior, which acts as a mixed-type inhibitor.
Furthermore, the atomic force microscopy test was applied for studying surface morphology of alloy. From the
foregoing, the pumpkin plant extract can be of great benefit in inhibiting corrosion in the industry.

Keywords: AFM, Corrosion, Electrochemical impedance, Potentiodynamic polarization, Pumpkin seed.

1. INTRODUCTION: different types of inhibitors, which may be organic,

inorganic, and natural extracts are widely used to

The acidic solutions may be used to reduce or control the dissolutions of metal (Karthiga
remove the rust effect in different parts of the etal., 2015; KliSkic et al., 2000).

industrial processes. For example, diluted The organic and inorganic inhibitors had

hydrochloric acid is used as broadly the pickling of - yery good anticorrosive activity, but they are toxic

steel alloys in oil and water pipes. Therefore, {5 poth humans and the environment. These
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inhibitors may cause chronic or acute diseases
because of damage in tissues of different organ
systems or disturbing the vital function of
metabolism or enzymic systems. In addition to
these hazardous effects, this type of inhibitors is
very costly and forced companies to spend
millions on them that made the researchers
instead of these synthetic inhibitors by naturally
ones. Furthermore, this type of inhibitors are
environmentally friendly, available sources, and
cheap cost (El-Etre, 1998; Zhang et al., 2015).

Up till now, many plant extracts have been
investigated for their corrosion inhibitors behavior
using acidic media on the mild steel. For example,
Murraya koenigii (Yadav et al., 2015; Sharmila et
al., 2010), Terminalia chebula (Patel et al., 2009),
Carica papaya (Kasuga et al., 2018; Nwigwe et al.,
2019), Nypa fruticans wurmb (Orubite and Oforka,
2004; Michael and Olubunmi, 2014), Emblica
officianilis (D’souza and Chattree, 2015; Saratha
and Vasudha, 2010), and many other (El-Etre et
al., 2003). These studies including the effect of
seed, leave or other parts extracts of plants as
corrosion inhibitors on the mild steel in various
concentrations of acidic media.

The inhibition behavior of Murraya koenigii
(curry) leaves extract on the corrosion resistance
of mild steel (MS) in nitric acid medium has been
studied by gravimetric (or weight loss)
measurements and scanning electron microscopy
(Quiraishi et at., 2010). The inhibiting action of the
fruit extract of Terminalia chebula (TC) on mild
steel corrosion in 1 M HCI solution was studied
using gravimetric, potentiodynamic polarization,
and electrochemical impedance spectroscopy
(EIS) techniques. Other plant extracts have been
investigated for their corrosion inhibitors behavior
using acidic media on mild steel (Oguzie et al.,
2014). Many other studies, including the effect of
seed, leave or other parts extracts of plants as
corrosion inhibitors on the mild steel in various
concentrations of acidic media (El-Etre, 2006;
Zucchi and Omar, 1985).

The purpose of this research was to study
the pumpkin seed extract as a corrosion inhibitor
for mild steel (MS) alloy in acidic solution using
electrochemical impedance, polarization of the
potentiodynamic technique and mass losing
method along with the surface morphology study
of alloy using Atomic Force Microscopy (AFM).

2. MATERIALS AND METHODS:
2.1. Preparation of seed extract

Pumpkin seed that collected from the market
of Basrah Old City was left to dry and ground to a
fine powder. Twelve grams of this plant powder
were mixed with D.W. (1000 mL) and subjected to
reflux for about three hours. The resulting solution
was passed through fine filter paper, and the clear
solution was reduced to obtain 1 gram of extracted
solid material of the original volume. The resulting
new volume was utilized to test the corrosive
inhibitor  behavior by preparing different
concentrations of aqueous solutions 10, 20, 30,
40, and 50 mg/L.

The coupons of mild steel (N80) was used to
study the corrosion properties on a supplied from
South Oil Company in Basrah that have the
composition (wt.%): 0.80% Mn, 0.3% C, 0.22%
Cu, 0.07% Ni, 0.05% P, 0.041%S and Fe is the
remainder. The coupon was cleaned by smooth
emery papers with grade

The coupons were rinsed with D.W. and
subjected to degreasing by acetone and left to dry
at room temperature, then kept in a desiccator until
use. The concentrated HCI was used to prepare
the solution of 0.5 M HCI by dilution with D.W. All
the experiments were performed and repeated in
the static solution.

2.2. Mass losing method

The experiments of mass loss were carried
out on the mild steel alloy with a coupon
dimensions (2.5 cm length) x (2.0 cm width) x
(0.025 cm height) in a static solution of 0.5 M HCI
with and without plant aqueous extract with
diverse concentrations. The mass of each coupon
was recorded by a digital sensitive balance with
four decimal digital values and then immersed in
100 mL of acid solution with duration times 1 to 5
h at the temperature 25°C.

After every immersing time, the coupon was
washed with distilled water, and the weighed again
so as to calculate the efficiency of inhibition (1)
and the rate of corrosion (Rcor). For each run, all
solutions were freshly prepared, and the
temperature of the tested solution was controlled
by a thermostatic auxiliary tool to give an accurate
value.

Equation (1) used to calculate the corrosion
rate (Reor,) Of mild steel (Batah et al., 2017):
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AW*K
AxD*T

Reorr = (Eq. 1)
AW= mass losing of alloy (g), K= constant

value (5.34x10%), A= coupon area (cm?), D=

density of alloy (g/cm?®) and T= exposed time (h).

Equations (2) and (3) used to obtain the
inhibition efficiency nw.(%) and the degree of
surface coverage 6w, respectively (Fouda et al.,
2017):

M1 (%) = =%+ 100 (Eq. 2)
_ Wo-w;
Owr = “w, (Eq. 3)

where, W, and Wi (mg dm2) mass of the
coupon after the dipping in acidic solution without
or with extracted inhibitor.

2.3. Electrochemical measurements

The assays were performed at room
temperature using three-electrode
electrochemical cells containing a carbon steel
working electrode with a 1 cm? surface area, a
platinum auxiliary electrode, and a saturated
calomel electrode (Reference electrode). The
instrument used to obtain the curve of Tafel
depends on the automatic changing in the
potential electrode within the range from a positive
value of 250 mV to the negative value of 250 mV
assistant by scan rate of 0.5 mV per second of
open circuit potential to investigate the inhibitory
effect of the plant extract on the alloy of mild steel
corrasion. The corrosion current densities (i) were
utilized to draw the linear relationship of the Tafel
segment. Then finally, the equation (4) used to
calculate the inhibition efficiency r;pol(%) from the

obtained values of current densities (i) (ElI Aoufir
et al., 2017; Abdul-Nabi and Jasim, 2014):

i—i,

01 (%) = x 100 (Eq. 4)
where i and i, are the uninhibited and inhibited
corrosion current densities, respectively.

2.4. Impedance measurements

The impedance tests were investigated by
AC signals of amplitude (10 mV) using the
frequency spectrum range 100 kHz - 0.01 Hz. The
values of charge transfer resistance (CTR) were
obtained by Nyquist plots through the
measurement of semi-circles diameter. The
inhibition efficiency nec (%) of the inhibitor was

calculated from the values of CTR using equation
(5) (Yang et al., 2018):

RL—R?
7751c(%) = ;, £t x 100 (Eq 5)

ct

where R°%: and R'c represent the resistance of
charge-transfer (RC-T) in the without and in with
the diverse concentration of inhibitor.

The values of impedance from the plot were
used to obtain the magnitudes of double-layer
capacitance (Ca) by using the equation (6) (Lgaz
et al., 2017):

1
2nfCqp

1Z| = (Eq. 6)

2.5. Atomic Force Microscopy (AFM)

Atomic Force Microscopy (AFM) model
CentaurU HR (Russia) was utilized in Physics and
Energetic Faculty, Udmurtia, The Federal
Republic of Russia. The alloy of mild steel that
used as sections with the dimensions of (length
2.5 cm x width 2.5 cm and height 0.4cm) were
subjected to dipping in the specific acidic solution
using different concentrations of pumpkin seed
extract (10, 20, 30, 40 and 50 mg/L) as corrosive
inhibitors at 25°C for 24 h. After this periodic time,
the coupons were toke out, washed with D.W., left
to dry, and then used for AFM tests.

3. RESULTS AND DISCUSSION:

3.1. Mass losing measurements

Table 1 and Figure 1 represent the output
data of the study for the corrosion process of mild
steel alloy in the acidic solution of 0.5 M using
different amounts of pumpkin seed extract at 25°C.
The equations (1), (2) and (3) were used to
calculate the corrosion rate (Rcorr), the efficiency of
inhibition (1, (%)) and the coverage of surface (6)
values, respectively.

Table 1 and Figure 2 show the effect of
concentration of plant extract on the inhibition
efficiency, and the results indicate that by
increasing the concentration the ny (%)
increases to reach the best effect of inhibitor at the
concentration of 50 mg/L (Lgaz. Et al., 2018). On
the other hand, there is decreasing in the corrosion
rate with increasing concentration, which gives a
significant indication of the effect of the inhibitor on
the corrosion process.
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3.2. Tafel Polarization Measurements

The output data of the polarization
measurements are listed in Table 2 for the
corrosion of M-steel test in the 0.5 M acidic
solution without and with different concentrations
of pumpkin seed extract at the temperature of 25
°C. Figure 3 and Table 2 indicate that increasing
the concentrations of pumpkin seed gives a
significant decrease in reactions of H> reduction
(cathodic process) and metal dissolution (anodic
process). According to these results, the inhibitor
gave the mechanisms of mixed type (Babic-
Samardzija et al., 2005; Jasim et al., 2017).

The values of ”poz(%) and 6 from pumpkin

seed tests were calculated using Equation 4.
Table 2 shows the determined values of lcor, Ecor,
Tafel slopes (Ba and B¢) and Upoz(%)- The data

indicated that there is an inversing effect between
lcor and the concentrations of pumpkin seed. The
values of Ba and Bc remained almost unchanged
with the addition of pumpkin seed concentrations,
which gave a clear view that the adsorbed inhibitor
decreases Ecr without affecting the reaction
mechanism.

3.3. EIS measurements

EIS technigue at OCP in a wide frequency
range was used to study the capacitance at
metal/electrolyte interface, which related to
corrosion processes on the surface of mild steel
coupons using the extract of pumpkin seed. Figure
4 shows Nyquist diagram for mild steel alloy
dipped in 0.5M HCI solution at 25 °C using a series
of concentrations of the extract as an inhibitor and
without inhibitor at the certain open circuit
potential.

From Figure 4, it's clear that there is
increasing in the semi-circle diameter with inhibitor
concentration rising. This result referred to the fact
about an increase in corrosion resistance of the
material. The optimum concentration of the extract
was 50 mg/L, which gave Rp of 2100 reflected
inhibition coefficient percentage of 76.19% as
compared with the closed values calculated from
Tafel and weight loss methods 74.41% and 71.93,
respectively.

The opposite frequency values fmax can be
used to calculate the magnitudes of
electrochemical double-layer capacitance (Ca) by
utilizing equation (7) (Migahed et al., 2016):

1

2T fmax Ret

Car = (Eq.7)

Where fnax is the opposite frequency when the
imaginary component was maximum.

Table 3 referred to the EIS data which
showed that the magnitudes of 7.,.(%) and Rc is

proportional to the concentration of inhibitor,
whereas the Cq values are proportional reversibly.

These results may be referred to the
lowering of dielectric constant which effect on the
rising in the thickness of the adsorbed electric
double layer, which referred to the action of the
inhibitor molecules as a thin layer to isolate the
alloy from acidic solution by mix adsorption
mechanism (Jasim et al., 2015).

3.4. Morphology analysis by AFM

Figures 5-i, 5-ii, and 5-iii show the images of
AFM for clear metal (control), the surface that
subjected to corrosion by acidic medium (0.5M
HCI) using or not the inhibitor extract. The pictures
of the AFM gave a clear view of the smooth
surface of the metal by using pumpkin seed extract
concentrations inhibitor in 0.5M HCI. Table 4 gives
the results of the AFM study represented by the
values of Ra and Rqg. The value of RMS, which
equal to 55.2 nm, referred to the smoothing of the
metal surface due to the adsorption of plant
extract, which prevents the corrosion process as
compared with the RMS value in the absence of
inhibitor (120nm) (Elmsellem et al., 2014).

4. CONCLUSIONS:

The pumpkin seed aqueous extract can be
used to inhibit the corrosion of MS in the static
acidic medium at 25°C. The optimum
concentration of plant extract should be
determined and utilized to give perfect protection
efficiency. Using of plant extract in the industry as
corrosion inhibitor enhances the green chemistry
and environment friendly The pumpkin seed
extract gave good corrosion inhibitor efficiency
with closed values using different methods.
Morphology analysis referred to the excellent
inhibitory behavior of the plant extract.
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Table 1. Effect of pumpkin seed extract on Dissolution Mild steel in 0.5M HCI

Concentration (mg/L) AW (g) Time (h) Reorr Nwi (%) 6

0.0028 1 66.63
0.0062 2 73.77

0 0.0098 3 77.73
0.0134 4 79.72
0.0171 5 81.38
0.0026 1 50.76 7.14 0.0714
0.0041 2 40.02 33.87 0.3387

10 0.0062 3 40.35 36.73  0.3673
0.0080 4 39.05 40.30  0.4030
0.0091 5 35.53 46.78 0.4678
0.0023 1 44.90 17.86 0.1786
0.0039 2 38.07 37.10 0.3710

20 0.0055 3 35.79 43.88  0.4388
0.0072 4 35.14 46.27 0.4627
0.0088 5 34.36 48.54  0.4854
0.0019 1 45.21 32.14 0.3214
0.0033 2 39.26 46.77 0.4677

30 0.0045 3 35.69 54.08 0.5408
0.0056 4 33.31 58.21 0.5821
0.0071 5 33.79 58.48  0.5848
0.0019 1 45.21 32.14 0.3214
0.0030 2 35.69 51.61 0.5161

40 0.0041 3 32.52 58.16  0.5816
0.0050 4 29.74 62.69 0.6269
0.0057 5 27.13 66.67 0.6667
0.0016 1 38.07 42.86 0.4286
0.0028 2 33.31 54.84  0.5484

50 0.0039 3 30.93 60.20 0.6020
0.0046 4 27.36 65.67 0.6567
0.0048 5 22.84 71.93 0.7193
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Table 2. The galvanostatic polarization results for mild steel

Concentration of Inhibitor lcorr Ecorr Bc Ba n. (%)
(mg/L) pA/cm?  mVolt mV/dm mV/dm pol
Blank 570 -221.2 -113.1 95.2
10 334.46 -335.2 -103.1 87 41.32
20 263.97 -334.5 -96.5 72.3 53.68
30 209.18 -332.4 -95.2 86.1 63.30
40 184.61 -331.2 -138.9 75.5 67.61
50 145.83 -328.4 -140 70.7 74.41

Table 3. EIS parameters for MS in the various concentrations pumpkin in 0.5M HCI

Concentration (mg/L) Rp Cal Mg1c(%)
0 249 639.50
10 500 318.47 50.20
20 666 239.09 62.61
30 750 212.31 66.80
40 1000 159.23 75.10
50 2100 75.83 76.19

Table 4. The morphology data by AFM

Sample R?Jgefzﬁgeis(lz\()r?zn) Roulzwr?efszq()nm)
Clear mild (Control) 10.4 13.9
Mild steel immersed in 0.5M HCI 94 120
Mild steel immersed in 0.5M HCI + pumpkin 43 55.2
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Figure 1. Relationship between mass loss (g) of mild steel and time (hr) in 0.5M HCI using pumpkin

extracts
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Figure 2. Relationship between inhibition efficiency and time (hr) of mild steel in 0.5M HCI using

pumpkin extracts
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Figure 3. Tafel curves of mild steel in 0.5 M HCI solution in the absence and presence of different

concentrations of pumpkin inhibitor at 25°C
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Figure 4. Nyquist plots of mild steel in 0.5 M HCI with various concentrations of pumpkin seeds

extracted at 25 °C
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Figure 5. The images of AFM of MS, i=Control, iisimmersed in 0.5M solution of HCI and iii=
immersed in 0.5M solution of HCI + pumpkin seed extract
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RESUMO

O gerenciamento dos recursos de pastagem do Cazaquistdo Ocidental € complicado devido a
deterioragéo dos parametros fisico-quimicos dos solos, manifestando degradacgao e alcalinizagdo como resultado
de pastoreio intensivo. A pesquisa teve como objetivo estudar a tecnologia de pastejo de gado para preservar os
parametros fisico-quimicos dos solos e aumentar a eficiéncia do uso de pastagens. A avaliagdo e analise
estatistica dos indicadores fisico-quimicos dos solos foram realizadas com métodos padronizados durante o
periodo de 2018 a 2019, o que permitiu identificar a melhor tecnologia de pastejo. Os resultados da pesquisa
mostraram que, sob a influéncia de pastoreio intensivo, os parametros fisico-quimicos pioraram, foi detectada
uma diminuigcdo nas reservas de humus em 10,88-12,35%, o solo degradado até o terceiro grau e tornou-se
alcalino como resultado do aumento da permutabilidade. sédio a 1,65 cmol (equiv.)/kg. A tecnologia de pastejo
moderado afeta positivamente os parametros fisico-quimicos dos solos dos ecossistemas de pastagem. Os solos
castanhos das pastagens, onde foi aplicada tecnologia moderada de pastejo, permaneceram resistentes a
degradacéo e salinizagdo. Com essa tecnologia, o humus do solo foi preservado de forma confiavel no nivel de
1,15-2,50%, o fésforo moével estava dentro da faixa ideal de 0,87-1,60 mg/100g. Concluiu-se que é importante
usar a tecnologia de pastoreio moderado para melhorar o manejo dos recursos das pastagens, que € a novidade
cientifica da pesquisa.

Palavras-chave: solo castanho, indices, degradagéo, pastoreio, tecnologias.

ABSTRACT

Managing pasture resources of Western Kazakhstan is complicated due to the deterioration of the
physicochemical parameters of soils, manifesting degradation, and alkalinization as a result of intensive grazing.
The research has been aimed at studying the technology of cattle grazing for preserving the physicochemical
parameters of soils and increasing the efficiency of pasture use. The assessment and statistical analysis of
physicochemical indicators of soils were carried out with standard methods during 2018 — 2019, which allowed
identifying the most optimal grazing technology. The results of the research showed that under the influence of
intensive grazing, physicochemical parameters worsened, a decrease in the humus reserves by 10.88-12.35%
was detected, soil degraded to the third degree, and became alkaline as a result of the increase in exchangeable
sodium to 1.65 cmol (equiv.)/kg. The technology of moderate cattle grazing favorably affects the physicochemical
parameters of the soils of pasture ecosystems. The chestnut soils of the pastures, where moderate grazing
technology was applied, remained resistant to degradation and salinization. With this technology, the soil humus
was reliably preserved at the level of 1.15-2.50%, mobile phosphorus was within the optimal range of 0.87-1.60
mg/100g. It has been concluded that it is important to use the technology of moderate cattle grazing to improve
the management of pasture resources, which is the scientific novelty of the research.

Keywords: chestnut soil, indices, degradation, grazing, technologies.
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ABSTRACT

Mpouecc ynpaenennss nacTbuwHbiMM pecypcammn 3anagHoro KasaxctaHa YCrnoxHsieTcs u3-3a
yXyALeHNa PU3NKO-XMMUYECKMX NoKasaTenemn noys C NposiBfieHNEM NpoLLeccoB Aerpagaumm u CornoHLEeBaHns B
pesynbTate MHTEHCUBHOrO Bbinaca ckoTta. Llenbto nccnegosaHuii ABNSETCS U3ydeHne TEXHOMOrMKM Bbinaca C.x.
XMBOTHbIX [ONs1 COXPaHeHUst (PUINKO-XMMUYECKMX MNoKasaTenenm novs W NoBbiWeHUs 3hekTMBHOCTH
ncnonb3oBaHnst nactouwy,. NprMeHeHNe cTaHOAPTHLIX METOAOB OLEHKM M CTAaTUCTUYECKOro aHanm3a duamKo-
XUMUYECKNX MNokasaTtenen noys nposogunmcb ¢ 2018 no 2019 rogbl, YTO MO3BONMUIIO BbIAENUTL Haubonee
ONTUMAarnbHYID TEXHOMOrMK Bbinaca. PesynbTaTbl UCCNegoBaHWMWA MOKasanu, 4YTO No BO3OEeUCTBUEM
WHTEHCMBHOrO BbiNaca yxyawarTca hrn3nMKo-XMMUYECKNE NokasaTenu, BbIIBNIEHO CHDKEHNS 3anaca rymyca Ha
10,88-12,35%, B pesynbTarte yBennueHmsa obmeHHoro Hatpus go 1,65 cmol(equiv.)/kg noysa gerpagmposanach
00 3 cTeneHu M Mepelunia B KaTeropuio CONOHLEBATON. YMEepeHHasi TEXHONOMSI BbiMaca C.X. XXMBOTHbIX
GraronpuaTHO AencTByeT Ha (PU3MKO-XMMUYECKME Nokas3aTenu no4vs nactbuwHbix akocucteM. KawTaHoBble
noyBbl NacTouL, rae NPUMEHANUCL YMEePEHHas TEXHOMOMNS BbiNaca COXpaHanmM yCTOMYMBOCTb K Aerpagauuun un
OCOmnoHuUeBaHuIo. [pn TakoM TEXHONOrMM rymMyC MOYBbl AOCTOBEPHO COXpaHuncs Ha ypoBHe 1,15-2,50%,
NoABWXKHbBIN (POCHOp Haxoauncsa B onTuMmanbHbiX npegenax 0,87-1,60 mr/100r. B aton pabote 6bin caenaH

BbIBOJ,

nccrnegoBaHun.

YTO BaXHO WCMOMb30BaTb YMEPEHHYI TEXHONOMMI0 BbiNaca C.X. XXMBOTHbIX AN MNOBbIWEHUS
3(PPEKTUBHOCTN  yMNpaBneHuss nacTouLHbIMKM pecypcamu,

B 4YeM 3aKnw4yaetca U HayyYyHad HOBU3Ha

Keywords: KawmaHosebie nousbi, nokazamersnu, 0ezpadayusi, 8binac ckoma, mexHosoauu.

1. INTRODUCTION:

The global growth of the population (the
world's population in 2050 is expected to be about
9.2 billion people), the global climate changes and
their adverse effects on the agriculture, the
depletion of natural resources, which is of great
importance for the development of the world's
agriculture, food safety, and new ethical
requirements for the producers are the future
challenges associated with sustainable
management of natural resources, and
investments in food production and agriculture
(Kucera et al., 2020).

Grasslands, which constitute a significant
part of the global ecosystem, occupy 37 % of the
Earth's land area and contribute significantly to the
food security, providing the largest part of energy
and proteins required by ruminant animals for the
production of meat and milk. It is believed that
proper pasture management and improvement of
the state of degraded pastures can play a
fundamental role in mitigating the effect of
greenhouse gas emissions, especially concerning
carbon accumulation and absorption (Conant et
al., 2011; O'Mara, 2012; Nordborg and R&0s,
2016).

Multiple scientific studies and
developments of agricultural and biological
scientific institutions show that in order to maintain
the pastures' capability of constant seed and
vegetative regeneration and reproduction of the
required level of feed resources, they are to be

used within the environmental imperative. The first
environmental commandment for the rational use
of the pastures is the compliance with the principle
of matching their natural capacity with the number
of grazing animals. Multiyear scientific studies
performed in the second half of the 20th century
by the scientists from various countries show that,
without harm to the subsequent productivity of the
pastures, it is possible to withdraw 25 — 75 % of
the aboveground plant mass in various natural
zones. In the arid conditions of Russia and Central
Asia, 60 — 75 % of the annual plants' growth may
be withdrawn (Shamsutdinov, 2012; Nasiyev et
al., 2015; Gayevskaya and Krasnopolin, 2016;
Nasiyev, 2016; Baytkanov, 2017).

One of the essential levers for restoring
and preserving the pastures' biodiversity is grazing
management and ecological optimization of the
grazing load, which would also improve the
productivity of the pastures and ensure
environmental sustainability and economic
efficiency (Costas et al., 2015).

Among the agrotechnical methods of
increasing the pastures' productivity, providing
rest from grazing for medium- and highly-
degraded pastures is of paramount importance.
Even one year's rest will allow pastures to
significantly restore their sparse grass cover (Loris
et al., 2019).

Studies of the scientists from the USA and China
have shown reduced productivity and deteriorated
state of vegetation in the heavy grazing conditions
(Raiymbekov et al., 2017; Kubenkulov et al.,
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2019). For improving the state and the rational use
of pastures, monitoring the current state of pasture
soil resources is the priority task.

2. MATERIALS AND METHODS:

2.1 Study area

The research was conducted during 2018
and 2019 years at the initiative of the Ministry of
Agriculture in the territories of three zones of
Western Kazakhstan with different types of
chestnut soils for detecting changes in the
physicochemical parameters of the soil cover
under the influence of different technologies of
cattle grazing, and efficient managing pasture
resources.

Zone 1 was the dry-steppe zone with the
following coordinates of the reference plot and the
pastures: reference plot — 49°01'N; 018°27'103'E,
moderate  grazing pastures 50°57'N;
050°46'390"E, weak grazing pastures — 50°57'N;
050°48049"E, and intensive grazing pastures —
50059'N; E050°47223'E.

Zone 2 was the arid steppe zone with the
following coordinates of the reference plot and the
pastures: reference plot — 50°21'N; 051°00073'E,
moderate  grazing pastures 50019'N;
050°58091E, weak grazing pastures — 50°19N;
050°57064'E, and intensive grazing pastures —
50°20'N; E050°53225'E.

Zone 3 was the semi-desert zone with the
following coordinates of the reference plot and the
pastures: reference plot — 49°05'N; 049°08'101°E,
moderate  grazing pastures 49°08'N;
048°42'751'E, weak grazing pastures — 49°09'N;
E048°42'452'E, and intensive grazing pastures —
49908N; 048°41017°E.

Soil sampling. To determine the effect of
grazing on these indicators, soil samples were
taken at three farms with moderately, weakly, and
intensively used pastures located in three zones of
Western Kazakhstan with dark chestnut (Haplic,
Luvic), chestnut (Luvic Kastanozems) and Light
chestnut soils (Calcic Kastanozems) from the 0 —
10cm, 10 — 20 cm, and 20 — 30 cm layers. To
identify the changes in the soil parameters through
comparison, soil samples were taken from the
reference plots (without grazing) from the 0 —
10 cm, 10 — 20 cm, and 20 — 30 cm layers in each
zone. The experiment was repeated four times.

2.2 Physicochemical soil analysis

The changes in the physicochemical
parameters of pastures were detected both in the

field and in the laboratory environment with the
use of modern generally adopted methods.

Soil density was determined in the field
environment using cylinder bores by N.A.
Kachinsky. In the field, samples were taken from
the soil horizon with a cylinder bore with a volume
of about 500 cm?. At the same time, soil samples
were collected in weighing bottles to determine
moisture. In the laboratory, the soil was dried at
105°C to constant weight. Knowing the mass of
the weighing bottle with dried soil and the mass of
the empty weighing bottle, the mass of air-dry soil
was found. Then, dividing the mass of dry soil by
its volume (ring volume), the density of the soil was
established.

The structural state of the soil was
assessed by aggregate analysis using the dry
sieving method. According to the results of the
aggregate analysis, the structural coefficient (Cstr)
was calculated, which was understood as the ratio
of the number of aggregates from 0.25 to 10 mm
(in%) to the total content of aggregates less than
0.25 and more than 10 mm (in%). The more Cstr
was, the better the structure of the soil was. A
scale developed by S.I. Dolgov and P.U. Bakhtin
was used to assess the structural state of soils
(Gabdulov et al., 2018).

In the laboratory environment, the soil
content of humus, mobile phosphorus, and
exchangeable sodium was determined by the
analysis of soil samples.

The content of humus in the soil was
determined by the method of I.V. Tyurin based on
the oxidation of soil organic matter by chromic acid
until the release of carbon dioxide. A solution of
K2Cr20y7 in sulfuric acid was used as an oxidizing
agent.

Mobile phosphorus compounds were
determined by the photometric method of I.
Machigin based on the extraction of mobile
phosphorus and potassium compounds from the
soil with ammonium carbonate solution at a
concentration of 10 g/dm3 with soil to solution ratio
of 1:20 and the subsequent determination of
phosphorus in the form of a phosphorus-
molybdenum blue complex on photoelectric
colorimeter and of potassium on a flame
photometer (Gabdulov et al., 2018).

The content of exchangeable sodium in the
soil was established by the photometric method by
extracting exchangeable and soluble sodium with
ammonium acetate solution at a concentration of
1 mol/dm?® with soil sample mass to solution
volume ratio of 1:20 and the subsequent
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determination of sodium in the extract using a
flame photometer. At the same time, soluble
sodium in the aqueous extract was determined,
and the difference in sodium was calculated.
According to the content of the exchangeable
sodium in the cation exchange capacity, the
degree of soil alkalinization was established.

The degree of soil cover degradation was
established by the physical criteria for land
assessment approved by the Ministry of
Agriculture of the Republic of Kazakhstan (Order
No.185 of the Minister of Agriculture of the
Republic of Kazakhstan, 2017).

Statistical analysis. The results of the
studies were statistically processed following the
method of the analysis of variance (Dospekhov,
2015) in the Statistica 6.0 application. Two
individual samples were analyzed
nonparametrically using the Mann-Whitney U-test,
and statistical diagrams were made).

3. RESULTS AND DISCUSSION:

Agrochemical parameters of the pastures.
The dynamics of decreasing the humus content.
Studying the content and humus reserves in the
pastures of Western Kazakhstan is a prerequisite
for assessing their fertility and for addressing the
issues of the rational use of pasture ecosystems.
In the studies, the content and humus reserves
depended on the technology of farm animals’
grazing on the pastures. With that, more dynamic
changes in the humus content occurred on the
pastures with the arid climate of the third semi-
desert zone with light chestnut soils. In the
pastures with moderate grazing conditions in this
zone, the humus content in the 0 — 30 cm soil layer
reduced by 0.15 %, compared to the reference.
The humus reserves were 44.16 t/ha, which was
less by 7.19 %, compared to the reference. The
humus content in the pastures with weak grazing
conditions on light chestnut soils was 1.25 % with
the humus reserves of 46.50 t/ha.

In the territory of the third semi-desert
zone, the lowest humus content was found in the
pastures with intensive grazing conditions. With
the humus content of 0.83 %, the humus reserves
in the 0 — 30 cm soil layer were 34.36 t/ha.
Compared to the reference, the reduction of the
humus reserves amounted to 27.78 %. In terms of
the humus reserves, the soil in this plot degraded
to the second degree. Since grazing has a
significant effect on some ecosystem services
(e.g., retention of nutrients, water storage,
reduction of pollution), reduction of these

parameters may result in decreased soil fertility
and, consequently, land degradation (Mamontov
et al., 2012). According to the hypotheses of the
authors, a strong change in the content and
reserves of humus in the pastures of the third
semi-desert zone was the result of excessive
loads from farm animals’ grazing on the
background of the arid climate (Nasiyev et al.,
2015).

On dark chestnut and chestnut soils of the
pastures in zones 1 and 2 with the technology of
weak and moderate grazing, compared to the soil
in the reference plots, the humus content reduced
insignificantly (from 0.11 to 0.22 %), and the
humus reserves in the 0 — 30cm soil layer
amounted to 4.59 — 6.67 %. With a certain degree
of conditionality, it may be assumed that the
humus in the soil in these zones was as though
"preserved" under the influence of grazing,
accompanied by the reduced ingress of the live
and dead plant materials into the soil. It should be
noted that oxidation of the organic matter in the
soil does not occur in the pastures, i.e., the
phenomena resulting in the dehumification of the
arable land due to its annual plowing do not
manifest themselves; hummus is not consumed
there, and formation of plants biomass changes its
species composition and productivity under the
influence of failure (Tesla, 2016; Nasiyev and
Bekkaliyev, 2019).

In the case of intensive grazing, the content
of humus in chestnut and light chestnut soils
reduced by 0.35 - 0.42 %, while the humus
reserves reduced by 10.88 - 12.35 %. With that, in
terms of humus reserves, the soil degraded to the
first degree.

The results of the statistical analysis
confirmed the dependence of the humus content
on the intensity of the pasture use. The intensity of
the changes in the humus content was determined
by the type of soil and had a negative tendency.
This tendency was described by a linear
regression equation. The most significant
reduction in the percentage of humus with an
increase in the grazing intensity was observed in
light chestnut soils of the third semi-desert zone
(Figure 1).

The changes in the humus reserves also
occurred according to the linear function in all
types of soil. Regression analysis showed that the
highest rate of humus reserves reduction
depended on the type of soil and had a linear
tendency. The most intensive reduction of humus
content in the soil with increasing the intensity of
pasture use was observed on the light chestnut
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soils of the third semi-arid zone.

The content of mobile phosphorus and
exchangeable sodium. In chestnut soils, one of the
limiting elements of soil fertility is the content of
phosphorus (Barbara et al., 2016). In this regard,
it is important to maintain the content of mobile
phosphorus in chestnut soils in agricultural use.
According to the results of the studies, the grazing
of farm animals insignificantly changed the content
of mobile phosphorus in chestnut soils of the three
zones of Western Kazakhstan. In the zone of dark
chestnut soils, the reduction of mobile phosphorus
content ranged from 0.23 to 0.59 mg/100 g of soil,
compared to the reference. In chestnut soils of the
pastures in the second zone, the changes in the
content of mobile phosphorus from the reference
were 0.43 - 0.69 mg/100 g of soil. In the third zone
in the light chestnut soils, the content of mobile
phosphorus reduced from 0.10 to 0.41 mg/100 g
of soil, compared to the reference (Table 1).

The U-test showed the effect of the grazing
technology on the response of the effective index
of mobile phosphorus content. In the column with
the p-value in the table, the significance of the
effective index (F) response to the technology by
the soil zones takes the p-value < 0.05. The
exception is the technology of moderate grazing
for the third zone. Based on this indicator,
a conclusion may be drawn that all technologies in
the first, second, and third zones have a significant
effect on the content of mobile phosphorus.

The quantitative expression of this effect is
determined by the difference between the median
for the corresponding technology and the
technology without grazing.

On dark chestnut soils of the first zone, the
difference between the median values of
phosphorus in the case of the technology of weak
grazing, compared to that without grazing, was
0.24 mg/100 g, in the case of the technology of
moderate grazing, the difference was 0.41 mg/100
g, and in the case of the technology of intensive
grazing — 0.61 mg/100 g.

For chestnut soils in the second zone, the
difference between the median values of the
content of mobile phosphorus in the case of the
technology without grazing and that of weak
grazing was 0.45 mg/100 g, in the case of the
technology without grazing and that of moderate
grazing — 0.61 mg/100 g, and in the case of the
technology without grazing and that of intensive
grazing — 0.69 mg/100 g.

For light chestnut soils in the third zone, the
response to the grazing technologies was the

following: weak grazing — 0.1 mg/100 g and
intensive grazing — 0.41 mg/100 g, respectively.
By the significance level of the p-value, the
technology of moderate grazing in this sample did
not cause a significant response to the quantitative
indicator of mobile phosphorus content
(F, mg/100 g).

Thus, it was found that the content of
mobile phosphorus increased with increasing the
intensity of grazing in all types of soil, except for
the moderate grazing technology in the third zone
of light chestnut soils.

In turn, the deterioration of the
physicochemical properties resulted in the
increased content of metabolic sodium in the soil,
which was an indicator of salinity and increased
soil salinization (Nasiev, 2016). In chestnut soils of
pastures of the second zone, the content of
exchangeable sodium, depending on the grazing
technology, increased from 0.08 to 0.32 cmol
(equiv.)/kg, compared to the reference. In the soils
of the pastures, the content of exchangeable
sodium ranged from 4.98 to 5.92 % of the amount
of exchange bases, which corresponded to the
degree of weak alkalinity. In light chestnut soils in
the third zone, with the sum of exchange bases of
15.10 — 15.65 cmol (equiv.)/kg, the content of
exchangeable sodium was 1.41 — 1.65cmol
(equiv.)/kg, or 9.33 — 10.54 % of the cationic
exchange. By the content of exchangeable
sodium, the soil in the pastures with weak and
moderate grazing was weakly alkaline, and the soil
with intensive grazing was medium alkaline.

In dark chestnut soils, the content of
exchangeable sodium, depending on the grazing
technology, amounted to 0.36 — 0.61 cmol
(equiv.)kg, or 1.71 — 2.77 % of the total amount of
exchangeable bases. By the content of
exchangeable sodium, dark chestnut soils in the
first pasture zone were non-alkaline (Table 2).

The U-test showed the effect of the grazing
technology on the response of the effective index
of exchangeable sodium content. In the column
with the p-value in the table, the significance of the
effective index response to the technology by the
soil zones takes the p-value < 0.05. Therefore, all
technologies in the first, the second, and the third
zones had a significant effect on the content of
exchangeable sodium. The technology in this
sample caused a significant response to the
quantitative indicator of exchangeable sodium
content.

The quantitative expression of this effect
was determined by the difference between the
median for the corresponding technology and the

Periodico Tché Quimica. ISSN 2179-0302. (2020); vol.17 (n°35)
Downloaded from www.periodico.tchequimica.com

196



technology without grazing.

In terms of the grazing technology on the
dark-chestnut soils in the first zone, the difference
between the median value of the exchange of
sodium in the case of the technology of weak
grazing and without grazing was 0.09 cmol
(equiv.)kg, in the case of the technology of
moderate grazing and without grazing
0.29 cmol (equiv.)kg, and in the case of the
technology of intensive grazing and without
grazing — 0.33 cmol (equiv.)/kg.

For chestnut soils in the second zone, the
difference between the median value for the
technology without grazing and weak grazing was
0.09 cmol (equiv.)/kg, for the technology without
grazing and that of moderate grazing — 0.29 cmol
(equiv.)/kg, and for the technology without grazing
and that of intensive grazing — 0.33 cmol
(equiv.)/kg.

For light chestnut soils in the third zone, the
responses to the grazing technologies were the
following: weak grazing — 0.10 cmol (equiv.)/kg,
moderate grazing — 0.19 cmol (equiv.)/kg, and
intensive grazing — 0.34 cmol (equiv.)/kg.

The tests confirmed the presence of a
statistical regularity of increasing the content of
exchangeable sodium in all types of soil with
increasing the intensity of grazing.

Agrophysical indicators. Soil density and
structural coefficient are the most important
indicators of its fertility. They do not provide the
required nutrients to plants, but they can influence
their growth and development. Therefore, the
knowledge of the soil physical characteristics and
the ability to adjust them are required for extended
reproduction of soil fertility (Nasiyev, 2014; Blanco
et al., 2016; Tesla, 2016).

Assessment of the density and the
structural coefficient of chestnut soils in Western
Kazakhstan by the main indicators, depending on
the grazing technology, showed their sensitivity to
trampling. The agrophysical properties of chestnut
soils depended on their types and grazing
technology. However, with the reduction of loads
by the use of weak and moderate grazing
technologies, the physical properties of the
pastures varied considerably compared to the
virgin areas, which could be explained mainly by
grass restoration processes in pastures and,
therefore, by solid soil phase properties and soil
structure stability. Therefore, in the case of weak
and moderate grazing, the deterioration of the
physicochemical properties of the pasture
ecosystems occurred less rapidly than in the case

of intensive grazing (Angassa, 2014; Tesla, 2016).

The analysis of the dynamics of the
structural-and-aggregate composition of dark
chestnut, chestnut, and light chestnut soils
showed certain deterioration in the soil structure
under the influence of prolonged pasture use and
the pronounced tendency to the restoration that
had been observed during the observation period.

Despite the certain deterioration of the
structure under the influence of grazing, the soil in
the pasture areas with weak and moderate grazing
conditions showed good content of agronomically
valuable aggregates and structure due to the
restoration of vegetation. For instance, on dark
chestnut soils with moderate and weak grazing,
the soil structure was 63.83 — 71.20 %, with a
structural coefficient of 1.80 — 2.48.

On chestnut soils in the case of weak
grazing, the soil structure was 65.57 % with the
structural coefficient of 2.73, while in the case of
moderate grazing, the structure was 65.57 % with
the structural coefficient of 1.92.

In the case of moderate grazing, the soil
structure of the pastures with light chestnut soils
(67.50 %), compared to the structural properties of
the soil of the reference plot (75.03 %), reduced by
7.53 %. The structural coefficient of the soil in this
pasture plot was 2.10.

In the case of moderate grazing, the
structural coefficient of the pastures on light
chestnut soils was 1.88, while the soil structure
was 64.41 %, which was 10.62 % less than in the
reference. In all the soil and climatic zones on the
pastures with weak and moderate grazing, the
state of the soil structure was "good".

Intensive grazing can change the soil
structure (Rehadek et al., 2017). In all the types of
chestnut soils with strong grazing, the soil
structure reduced to 53.06 — 60.57 % with the
structural coefficient of 1.22 — 1.50; the soil
structure and the  structural coefficient
corresponded to "satisfactory" (Table 3).

The U-test showed the effect of the grazing
technology on the response of the effective index
of agronomically valuable structural aggregates. In
the column with the p-value in Table 3, the
meaning of the response of the content of
agronomically valuable structural aggregates to
soil-zone technologies takes a p-value < 0.05. The
exception is the technology of weak grazing for the
second zone. Based on this indicator, it may be
concluded that all the technologies in the first, the
second, and the third zones have a significant
effect on the content of the agronomically valuable
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structural aggregates. The quantitative expression
of this effect is determined by the difference
between the corresponding technology median
and non-grazing technology.

On dark chestnut soils of the first zone, the
difference between the median values of structural
aggregates in the case of the technology of weak
grazing, compared to that without grazing, was
5.6 %, compared to that of moderate grazing —
12.95 %, and compared to that of intensive
grazing — 16.89 %.

For chestnut soils in the second zone, the
difference between the median values for the
technology without grazing and that of moderate
grazing was 10.46 %, for the technology without
grazing and that of intensive grazing — 21.2 %.
The technology of weak grazing in this sample did
not cause a significant response in the quantitative
indicator of the content of the agronomically
valuable structural aggregates.

For light chestnut soils in the third zone, the
response to the grazing technologies was the

following: weak grazing — 7.53 %, medium
grazing — 10.13 %, and intensive grazing —
21.97 %.

Based on the obtained results, it may be
concluded that there is a statistical regularity of
decreasing the content of agronomically valuable
structural aggregates with increasing the grazing
intensity for all types of soil, except for the
technology of weak grazing in the second zone of
chestnut soils.

Another fundamental property of the soil is
its density. In contrast to the soil structure, which
is a well-known regulator of the physical conditions
in it, and has only an indirect effect on plants, the
density of the soil directly influences the processes
of their life activity (Khadka et al., 2019).

Without knowing the soil density, it is
impossible to  perform  quantitative  soil
assessment. Therefore, the data about the density
of the soil layers and horizons necessarily
accompany a full description of the soil profile
(Wojciechowski et al., 2020).

Overgrazing may lead to soil degradation
and loss of the fertile topsoil, especially in the case
of little rainfall and significant evaporation (Khadka
et al., 2019). It was confirmed by the results of the
research studies. In the third semi-arid zone with
an arid climate, the soil in the pastures with
intensive grazing in terms of the density degraded
to the third degree, the soil density inthe 0 — 30 cm
soil layer was 1.38 g/lcm?3, or the level of light
chestnut soils density under the influence of

grazing was 13.11 %. Such high soil compaction
creates anaerobic-like conditions in the root layer
and changes the structure of the soil horizons
(Tesla, 2016; Lobanov et al., 2020).

The destructive effect of intensive grazing
on physical properties, especially on soil density,
was reported by many researchers (Nasiyev,
2014; Angassa, 2014; Blanco et al., 2016).

On light chestnut soils in the third zone, the
soil density in the reference plot in the 0 — 30 cm
horizon was 1.22 g/cm3. When grazing was
organized following the technology of weak
grazing, the density changes in the 0 — 30 cm soil
layer were insignificant (1.24 g/cm® or soil
compaction by 0.02 g/cm3®). In the case of
moderate grazing, slight soil compaction from 1.22
to 1.28 g/cms3, or by 4.91 %, was also observed.

The studies also revealed compaction of
chestnut and dark chestnut soils in the first and the
second zones upon the increased load on the
pastures. For instance, in the first dry steppe zone
of dark-chestnut soils with intensive grazing, the
soil was compacted, compared to the density of
the reference plot, by 5.38% (from 1.30 to
1.37 g/cm?3). In the second zone of arid steppes on
chestnut soils, in the case of intensive grazing, the
soil density increased from 1.23 g/cm? (reference)
to 1.30 g/cm3, or by 5.69 %. The soil of these
zones in the case of intensive grazing degraded to
the first degree.

The variation of physical conditions is one
of the factors for preserving and maintaining the
biodiversity, which is important ecological
component of any ecosystem, including the soil
one. Assessment of the parameters of linear
regression allowed concluding that light chestnut
soils had the greatest tendency toward
compaction under the influence of grazing. The
growth rate in the case of changing the technology
was 0.052 g/cm3. The degree of degradation was
the third one. In this regard, the study was very
relevant (Figure 2).

4. CONCLUSIONS:

1. The deterioration of physicochemical
indicators, soil degradation, and salinization
processes are the most common and significant
complications in the management of pasture
ecosystems in Western Kazakhstan, requiring for
the right decisions due to their environmental
impact, as well as reduction of the production rate
of safe livestock products.

2. Physicochemical indicators affect the
soil quality, which leads to deterioration of the
ecological situation in agrocenoses and the

Periodico Tché Quimica. ISSN 2179-0302. (2020); vol.17 (n°35)
Downloaded from www.periodico.tchequimica.com

198



productivity and state of vegetation of pasture
ecosystems.

3. Technology of moderate cattle grazing is
necessary to solve the problems of qualitative and
efficient use of pastures.

4. The main principle of moderate grazing
technology implies the use of 65-75% of plants in
the grazing season, which, resulting from the vital
activity of plants, contributes to the improvement
of the physicochemical parameters of soils. This
hypothesis is confirmed by the data of standard
assessment methods and statistical analysis of
physicochemical parameters of chestnut soil types
of pasture ecosystems in the territories of three
zones of Western Kazakhstan.

5. The idea and research data serve as a
prerequisite for the development of conservation
measures for the efficient use of pasture
ecosystems outside Kazakhstan, in countries and
regions with similar pasture management
systems.
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Table 1. The content of mobile phosphorus in chestnut soils of the pastures in Western Kazakhstan,
depending on the grazing technology, in the 0 — 30 cm soil layer, mg/100 g

Grazing technology

Zone 1

Dark chestnut soils

Zone 2

Chestnut soils

Zone 3

Light chestnut soils

No grazing 2.00 + 0.047 1.54 £ 0.023 1.05 £ 0.008
Weak grazing 1.77 £ 0.016 1.11+£0.015 0.95 + 0.009
Moderate grazing 1.60 £ 0.018 0.94 + 0.009 0.87 £ 0.093
Intensive grazing 1.41 £ 0.030 0.85 + 0.007 0.64 + 0.004

Table 2. Exchange sodium content in the 0 — 30 cm soil layer of chestnut soils in the pastures of
Western Kazakhstan, depending on the grazing technology, cmol (equiv.)/kg

Grazing technology Zone 1 Zone 2 Zone 3

Dark chestnut soils Chestnut soils Light chestnut soils
No grazing 0.29 + 0.011 0.92 + 0,014 1.30 £ 0.010
Weak grazing 0.36 + 0.005 1.00 £ 0,015 1.41 £ 0.004
Moderate grazing 0.57 £ 0.007 1.20 £ 0.013 1.50 £ 0.015
Intensive grazing 0.61 £ 0.015 1.24 £ 0.012 1.65 £ 0.015

Table 3. The content of agronomically valuable structural aggregates and the structural coefficient of
chestnut soils in the pastures of Western Kazakhstan, depending on the grazing technology in the 0 —
30 cm soil layer, %

Grazing technology Zone 1 Zone 2 Zone 3

Dark chestnut soils Chestnut soils Light chestnut soils
No grazing 77.10 £ 1.30 76.00 £ 1.09 75.03 £ 0.43
Weak grazing 71.20 £ 0.21 71.89+1.05 67.50 £ 0.72
Moderate grazing 63.83 £ 0.24 65.57 £ 0.42 64.91+1.10
Intensive grazing 60.57 £ 0.89 54.82 £ 0.50 53.06 £ 1.31
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RESUMO

O acido ascoérbico, geralmente conhecido como vitamina C, € um &cido fraco e antioxidante natural que
exerce funcdes bioldgicas importantes na participacao da formacdo do colageno e na absor¢do de ferro pelo
organismo. O objetivo desse trabalho foi verificar, através da modelagem molecular, cargas parciais e
avaliacdo de paradmetros de reatividade PRM que o mesmo apresenta densidades eletrbnicas favoraveis em
posi¢cBes estereoquimicamente localizadas para a formacao de sais metalicos associados a pretensos sistemas
complexos. Suas propriedades eletroliticas mostraram um comportamento do tipo 1:1 em solugdo aquosa
milimolar recém-preparada. Isto é concordante com os valores de pH, Kai e Kaz respectivamente, avaliados
para uma situacéo de equilibrio através do programa RAIZES 1.0, desenvolvido pelos autores. A decomposic&o
térmica se inicia em torno de 180 - 190 °C, e segue até atingir a temperatura de 570,3 °C, na qual um pequeno
percentual experimental de residuo foi associado a presenca de carbono reduzido. O espectro de absorcdo na
regido do infravermelho identificou as principais transi¢des atribuidas a C=0, C-O, C=C, OH presentes em seus
grupos funcionais. O espectro de absor¢do UV-Vis mostrou uma banda intensa que ocorre entre 207 — 312 nm,
com pico de absor¢cdo maxima, Amax = 3,6123 em 249 e 250 nm. Esta banda se apresenta na regido onde
ocorrem as transicdes n —» n*, n —» ¢* e 1 — n* associada aos grupos croméforos. A for¢a do oscilador f &
comparavel aquelas apresentadas por grupos cromoforos que tém transicdes moleculares intensas, em que
alguns tipos de moléculas sdo usadas como corantes e outras analogas utilizadas como sensibilizadoras em
fotocélulas solares ou dispositivos emissores de radiacao eletromagnética.

Palavras-chave: Acido ascorbico, parametros de reatividade, forca do oscilador, programa RAIZES.
ABSTRACT

Ascorbic acid, commonly known as vitamin C, is a weak acid and natural antioxidant that plays essential
biological roles in the participation of collagen formation and the absorption of iron by the body. The objective of
this work was to verify, through molecular modeling, partial loads and evaluation of PRM reactivity parameters,
that it presents favorable electronic densities in stereochemically located positions, for the formation of metallic
salts, associated with supposed complex systems. Its electrolytic properties showed a type 1: 1 behavior in
freshly prepared aqueous millimolar solution. This is in agreement with the values of pH, Kal and Ka2
respectively, evaluated for an equilibrium situation through the program RAIZES 1.0, developed by the authors.
Thermal decomposition starts around 180-190°C and continues until reaching a temperature of 570.3 °C, in
which a small experimental percentage of waste has been associated with the presence of reduced carbon. The
absorption spectrum in the infrared region identified the main transitions attributed to C = O, C = C, OH, present
in their functional groups. The UV-Vis absorption spectrum showed an intense band that occurs between 207 -
312 nm, with maximum absorption peak, Amax = 3,6123 at 249, and 250 nm. This band presents itself in the
region where the n —» n*, n - o* e 1 —» «* transitions occur associated with the chromophore groups. The
strength of the oscillator is comparable to those presented by chromophore groups that have intense molecular
transitions, in which some types of molecules are used as dyes and other analogs used as sensitizers in solar
photocells or devices emitting electromagnetic radiation.

Keywords: Ascorbic acid, reactivity parameters, oscillator strength, RAIZES program.
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1. INTRODUCAO:

O &cido ascorbico (CeHsOs), denominado
comumente de vitamina C, é um acido fraco e
antioxidante natural que exerce funcdes
biolégicas importantes na participacdo da
formacdo do coldgeno e na absorcdo de ferro
pelo organismo (ARRIGONI and TULLIO, 2002;
LYKKESFELDT and TVEDEN-NYBORG 2019).
Além disso, sua acdo antioxidante atribui
capacidade de aumentar o tempo de
conservagédo dos alimentos (BAUERNFEIND and
PINKERT, 1970). Foi observado neste trabalho
gue o mesmo apresenta densidades eletrénicas
favoraveis para a formacdo de sais metalicos,
precursores de pretensos sistemas complexos,
atribuindo a esta substancia outras aplicagdes
também relevantes na ciéncia. Em sua estrutura
ha 4 grupos -OH, um oxigénio ligado
internamente a um grupo de cinco atomos de
carbono, e outro oxigénio periférico mais externo
com uma dupla ligacéo, apresentando assim boa
solubilidade em &gua, devido a formacdo de
ligagbes de H. Possui ponto de fusdo em torno
de 190-192 °C, donde a partir dai se decompde
por aguecimento. Na presenca da luz, oxigénio,
em solugdo aquosa e sensibilizadores, sofre
oxidacdo aos acidos desidroascorbico e
dicetogulbénico, onde este Ultimo ndo apresenta
mais nenhuma atividade do composto
(TAVARES et al.., 2003; ZENG, 2005). Possui
dois hidrogénios ionizaveis com pKa:; = 4,17 e
pKa = 11,2 (BOBBIO and BOBBIO, 1995),
porém tem-se observado na literatura,
compostos de ascorbato monovalentes de sddio,
litio, magnésio e calcio (KOZIOL et al.,1992).

O 4cido ascorbico forma também
complexos com ions metéalicos do tipo MA e MHA
(M = metal, A = ascorbato, HA &cido ascorbico),
dependendo do pH do meio, mas esses
complexos sao relativamente instaveis
(FORNARO and COICHEV, 1997). Dados da
literatura tém sugerido que para complexos
formados com uma variedade de cations
divalentes como Ca?*, VO*" Mn?*, Zn** e Cd?*, o
acido ascorbico atua como ligante monodentado.
Estudos de RMN de C*3 levaram a concluséo de
gue para os ions metdlicos Co?*, Fe?* e Mn?*, em
pH 8,5, os complexos ascorbato-ion metalico sdo
formados por quelacédo através dos atomos O5 e
06 na modelagem molecular realizada para este
trabalho mostrada na Figura 1A para o acido
ascorbico e pelos atomos O-2 e 0O-3 na
perspectiva proposta por KOZIOL e
colaboradores (KOZIOL et al..,1992), para o
anion ascorbato mostrado na Figura 1B. Estudos
similares com Ni?* em presenca de &cido

ascorbico mostraram que o ascorbato também
esta ligado ao ion metdlico pelos oxigénios, e a
exemplo destes tem-se o0 Ferro(lll)-acido
ascorbico e o0 cis-1,2-diaminociclohexano-
platina(ll)/acido ascorbico, sendo que para este
tltimo, a Pt se coordena pelo O2 e C5 na
modelagem molecular (Figura 1A) e pelos
atomos O-5 e pelo C-2 na estrutura do ion
(Figura 1B), segundo a literatura (FORNARO and
COICHEV, 1997). Outros complexos envolvendo
a Pt também corroboram a complexacéo através
da Pt-C e Pt-O (YUGE et al., 2002). A Figura 02
A, mostra a modelagem molecular para o acido
ascorbico, nuvem de potencial couldmbico,
distancia de ligagédo, angulos de ligagédo e cargas
parciais e a Figura 02 B, ilustra a comparagéo de
algumas propriedades da modelagem do acido
ascorbico e do ion ascorbato segundo o
programa WebLab (WEBLAB, 1998).

Poucos trabalhos foram encontrados na
literatura sobre a determinacgdo das estruturas de
complexos estaveis em solugdo entre o
ascorbato e ions metalicos. No entanto, muitos
estudos comprovam a formacdo de complexos
como espécies intermediarias durante as
reacOes de oxidacdo do &cido ascorbico por ions
metalicos (FORNARO and COICHEV, 1997).

O objetivo desse trabalho foi contribuir
com informagbes adicionais desta espécie na
formagdo de sistemas complexos, abordando
propriedades  estruturais, parametros de
reatividade, estabilidade térmica, eletronicas e
espectrais do acido ascérbico e o ion ascorbato
livre e em solugéo.

2. DESENVOLVIMENTO:

A modelagem molecular foi realizada
através do programa WebLab ViewerPro para os
estudos preliminares de parametros de
reatividade moleculares PRM’s, seguindo
metodologia proposta pela literatura (GEORGE,
1971; CHANDRA, 1981; WEBLAB, 1998; LIMA et
al., 2007, 2019; COSTA et al., 2015). Os valores
de cargas parciais foram obtidos através do
programa WeblLab-Viewer Pro© (WEBLAB,
1998) e os parametros de reatividade PRM
calculados através da equacao 01.

e [aidz

Zqudr‘

A Figura 2A e Tabela 1 mostram a
modelagem, alguns parametros estruturais,
angulos e distancias de ligagéo, cargas parciais e

(Eq.01)
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0s parametros de reatividades moleculares
PRM’s, calculados para o &cido ascorbico. A
Figura 2B mostra a comparacdo de algumas
propriedades da modelagem entre o &cido
ascérbico e o ion ascorbato, pelo uso do
programa WebLab (WEBLAB, 1998).

Nas praticas experimentais, foi utilizado o
acido ascoérbico PA comercial de marca CRQ
pureza 99,0 % para obter as medidas de pH e
estudos do equilibrio, medidas das
condutividades  molares, analise térmica,
caracterizacdo dos espectros infravermelhos e
estudos dos espectros uv-vis do estado solido e
das solu¢des respectivamente.

Medidas de pH foram realizadas em
diferentes concentragbes em um pHmetro
TECNOPON mPA-210 de precisédo + 0,005, em
temperatura ambiente de 25 = 1 °C. Também foi
usado o programa RAIZES 1.0 em linguagem
QBASIC, elaborado com o propésito de avaliar o
equilibrio, e calcular as concentragbes de H* e
valores de pH, para verificar a concordancia
tedrico-experimental dos resultados deste
trabalho (LIMA et al., 2017, 2019; PERRIN, 1974;
PRICHARD, 2003; VALCARCEL, 2000;
VOGEL'S 1996). A Tabela 02 mostram os
célculos para [H'] e pH teodricos em solugéo
aquosa obtidos pelo programa RAIZES 1.0 e as
medidas de pH experimentais.

A condutividade foi medida através de um
condutivimetro MS-TECNPON mCa-150, com
precisdo +0,001 puS cm?®. O propésito de uso
desta técnica é avaliar a condutancia das
amostras preparadas e observar o tipo de
eletrélito da espécie molecular, com a
expectativa de correlacionar com a condutividade
repassada aos seus produtos derivados e a sua
capacidade como ion livre coordenante
(ANDJELKOVIA et al.., 2001;
CHANDRAMOHAN and CHANDRALEKA, 2014;
COSTA, et al.., 2013; GEARY, 1971; MELO et
al.., 2009; SCHOLZ, 2010; SOUSA et al.., 2018;
WANG, 2000). Os valores de condutividade
molar foram calculados a partir da equacéo 02

AM = (ksol - ksolv).lOS/M (Eq 02),

conforme suportado pela literatura pesquisada
(COSTA, et al. 2013; GEARY, 1971;
GUTTMAN, 1976; LIMA, et al.., 2016).

A Tabela 3 mostra os dados e condi¢des
das solucbes avaliadas, a condutividade k e a
condutividade molar Aw.

A andlise térmica foi realizada através de
um equipamento TA Instruments, modelo
SDTQ600. Os ensaios foram realizados em

cadinho de platina sob atmosfera de ar sintético
com vazéo do gas de purga 100 mL/min e raz&o
de aquecimento de 10 °C/min iniciando em
temperatura ambiente de 24 °C até 900 °C, com
massa de amostra de 10,3 mg. A Figura 3 ilustra
as curvas TG e DTG do acido ascorbico e a
Tabela 4 ilustra uma proposta para a
decomposicdo térmica (ANDJELKOVIAE et al..,
2001; CHANDRAMOHAN and CHANDRALEKA,
2014; OLIVEIRA et al.., 2011; SEIF et al.., 2020).

O espectro de absorcdo na regido do
infravermelho foi registrado em um
espectrofotbmetro com transformada de Fourier,
modelo IR Affinity-1 da Shimadzu, utilizando
amostras sélidas em pastilhas de KBr e as
transicbes foram atribuidas para os grupos
funcionais mais importantes (BUENO, 1980;
HUHEY, 1983; COTTON, F. A. and WILKINSON,
1988; NAKAMOTO, 1978; SILVEIRA, 2018;
SOCRATES, 1980; THOMPSON, 1979). A
Figura 4 mostra o espectro obtido e a Tabela 5
contém as atribuicbes experimentais.

Espectros uv-vis foram registrados em
solugcdo aquosa pelo uso de um equipamento
UV-VIS SHIMADZU 1650 PC no intervalo de 190
— 900 nm, com precisdo de absorbancia de *
0,002 e comprimento de onda + 0,1 nm. As
medidas foram obtidas em temperatura ambiente
de 25 + 1 °C. A Figura 05 ilustra transi¢coes
generalizadas entre  estados  eletrbnicos
moleculares, atribuicbes de transicdes, e o
espectro uv-vis do HAsc 5,00x10* mol/L em
solucdo aquosa completo 190 — 1000 nm e da
area de interesse 190 — 350 nm. Na Tabela 06
estdo 0s parametros espectrais uv-vis para o
espectro obtido do HAsc.

A Tabela 6 contém os calculos obtidos a
partir dos dados espectrais. Foram utilizados os
métodos citados na literatura para o célculo da
area sob a curva do espectro de absorcédo e a
forca do oscilador f (DRAGO, 1965; FIGGIS,
1966; LIMA et al., 2014, 2018),

Drago: f = 4,6x10°.[¢do (Eq.03)
Figgs: f = 4,32x10°.[¢do (Eq 04)

Na qual a integral Je)do corresponde a
area sob a curva de absorcédo, e neste trabalho
foi obtida pela aproximacao da gaussiana através
da avaliacdo da meia-banda,

sméx.(llkl -1/7\,2)
3. RESULTADOS E DISCUSSOES:

(Eq.05)

Através da modelagem molecular foi
possivel avaliar que o ascorbato possui
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parametros de reatividade compativeis e
densidades eletronicas favoraveis, localizadas
em grupos de &atomos doadores de elétrons,
imprescindiveis para a formacdo de sistemas
complexos, podendo se comportar como um
versatii  agente quelante na quimica de
coordenacdo, como ja observado em alguns
compostos (KOZIOL, et al.., 1992; YUGE, et al..,
2002). As cargas parciais situadas nos atomos
de maiores relevancias se encontram no O1 (-
0,3935), 02 (-0,3875) e 06 (-0,3597), (Figuras
1A, 2A, 2B e Tabela 01) podendo, inclusive
ocorrer situagcbes em que &tomos de carbono
formam ligacdes com algum centro metalico de
natureza &cido mole, a exemplo da Pt no
complexo cis-1,2-diaminociclohexano-
platina(ll)/acido ascérbico, que se coordena pelo
O(5) e pelo C(2) na estrutura do ion ascorbato da
Figura 01 Il e na modelagem molecular na Figura
01 1, pelo O2 (-0,3875) e C5 (+0,1738) segundo a
literatura (FORNARO and COICHEV, 1997;
YUGE, et al, 2002). Acredita-se que a ligacdo
entre O-Pt-C neste complexo, que ocorre através
de densidades negativas e positivas, se da por
um mecanismo de transferéncia de elétrons (de
densidade eletrénica), na qual a Pt recebe em
alguma magnitude densidade eletrdnica pelo
atomo de oxigénio e doa, também parcialmente,
densidade eletrbnica para o atomo de carbono,
em um tipo de retrodoagéo envolvendo orbitais o
e .

As medidas de condutancia realizadas
indicam que o comportamento eletrolitico
empirico da amostra é do tipo 1:1 em solucéo
aquosa milimolar recém-preparada, o que €
totalmente concordante com os valores de pH,
Ka: e Ka; respectivamente, mesmo possuindo 4
grupos -OH e dois hidrogénios ionizaveis
conforme mostrado na Figura 1 e Tabelas 2 e 3.

Observou-se que na analise térmica do
acido ascorbico, a decomposi¢do se inicia em
torno de 180 - 190 °C, sendo concordante com a
literatura (REDA, 2011) e segue até atingir a
temperatura de 570,3 °C, na qual o percentual
experimental do residuo, que foi associado a
presenca de carbono reduzido, atingiu 1,3615 %
da amostra inicial. Em comparacdo com o
calculado teoricamente de 1,364 %, verifica-se
gue estd em boa concordancia com o que foi
proposto estequiometricamente para a
decomposicdo completa da amostra, conforme a
reacao:

CeHsOs(s) + 48/10 Oyg) — 2/10 Cs) + 58/10 COyq)
+ 4 H2O),

mostrado na Figura 3 e Tabela 4.

O espectro de
infravermelho mostra

absorcdo na regido do
as bandas principais
proporcionadas pelos grupos funcionais da
molécula, tais como: estiramentos C=0O da
lactona (1760 cm'), C-O (1109, 1110, 1134,
1195 cm?), C=C (1668 cm?), e bandas OH
(3217, 3309, 3404, 3533 cm?) segundo a
literatura (SILVEIRA, 2018; SOUZA et al., 2015;
UNARELOGLU, et al.,, 2002). A Figura 04 e
Tabela 5 mostram as atribuicbes especificadas.
Estas transicbes serdo de grande valia na
constatagdo de evidéncias de formacdo de
ligacbes quimicas em sistemas complexos
(BUENO, 1980; COTTON, F. A. and
WILKINSON, 1988; HUHEY, 1983; NAKAMOTO,
1978; SILVEIRA, 2018; SOCRATES, 1980;
SOUZA et al., 2015; THOMPSON, 1979;
UNARELOGLU, et al., 2002).

O espectro de absor¢do UV-Vis do HAsc
em solucdo aquosa 5x10% mol/lL recém-
preparada, mostrou uma banda intensa que
ocorre entre 207 — 312 nm, com pico de
absorcdo méxima, Amax = 3,6123, em 249 e 250
nm. Esta banda se apresenta na regido onde
ocorrem as transicbes n —» n*, n > c* e 1 —» n*
(ASSIS, 2013; ATKINS, 1991; PAVIA, 2010;
SKOOG, 2002), associada aos cromoforos C=C-
C=0 (220-315 nm), C=0 (150-250 nm) e C=C
(200-700 nm), também presentes em moléculas
similares. A Figura 05 ilustra o mecanismo de
absorcao de fotons, atribuicdes de transi¢des e o
espectro UV-Vis para a solugdo aquosa do acido
ascorbico. A Tabela 06 contém os parametros
espectrais calculados, conforme a literatura
(LIMA et al.., 2014).

4. CONCLUSOES:

Através da modelagem molecular foi
possivel avaliar que o ion ascorbato possui
pardmetros de reatividade compativeis e
densidades eletrbnicas favoraveis, localizadas
em grupos de atomos doadores de elétrons, para
a formacédo de sistemas complexos, podendo se
comportar como um versatil agente quelante na
guimica de coordenacgdo. As cargas parciais de
densidade negativa de maiores relevancias estéo
situadas nos atomos O1 (-0,3935), O2 (-0,3875)
e 06 (-0,3597), (ver modelagem na Figura 1 | e
Tabela 1). Ainda assim, a possibilidade de
interacbes com moléculas de agua, através de
ligagbes de hidrogénio, favorece a uma grande
solubilidade em agua e podem inviabilizar
algumas dessas possibilidades de ligagbes com
cations metalicos, dependendo do meio
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reacional, além de ser possivel, dependendo da
reatividade do cation metdlico, reacbes que
formem outros derivados como subprodutos
oriundos de sucessivas etapas de oxidag¢édo do
acido ascorbico e do ascorbato.

O comportamento eletrolitico empirico do
acido ascorbico é do tipo 1:1 em solucdo aquosa

milimolar (CHANDRAMOHAN and
CHANDRALEKA, 2014; GEARY, 1971;
GUTTMAN, 1976), o que ¢é totalmente

concordante com os valores de pH, Ka; e Kaz
calculados e experimentalmente confirmados,
mesmo possuindo 4 grupos -OH e dois
hidrogénios ionizaveis.

Observou-se que na analise térmica do
acido ascorbico, ao atingir a temperatura de
570,3 °C o percentual de carbono residual
experimental chegou a 1,3615 %, que em
comparagdo ao teorico, esta de acordo com o
estabelecido estequiometricamente.

O espectro na regidao do IV do acido
ascorbico mostra as bandas principais
proporcionadas pelos grupos funcionais da
molécula, tais como o0s estiramentos C=0
lactona (1760 cm™), C=C (1668 cm™), C-O (1109,
1110, 1134, 1195 cm™), O-H (3217, 3309, 3404,
3533 cm?), segundo a literatura (SILVEIRA,
2018; SOUZA et al.., 2015; UNARELOGLU, et
al., 2002), caracteristicos para atribuicdes de
formacdo de ligacbes envolvendo estes grupos
em particular (BUENO, 1980; NAKAMOTO,
1978; SOCRATES, 1980).

Os espectros UV-Vis revelaram uma
banda de absorgcéo entre 207-312 nm, com um
pico em 249 nm de emax = 7,225x10° L mol* cm?,
atribuida as transicdes moleculares n — c*; 1 —
™ e n — n* referente a presenca dos
croméforos C=0, C=C e O=C-C=C presentes na
molécula. A for¢a do oscilador f é comparavel,
aquelas apresentadas por grupos croméforos em
transicbes moleculares, em que alguns tipos de
moléculas usadas como corantes e outras
analogas usadas como sensibilizadoras de
fotocélulas solares, apresentam valores da
ordem de 101 - 1, o que reforca a potencialidade
de aplicacdo destes sistemas em dispositivos
bombeadores de elétrons em sistemas quimicos
complexos (COTTON and WILKINSON, 1988;
HUHEY, 1983; SHRIVER et al, 1994;
THOMPSON, 1979), e emissores de radiacdo
e/ou de elétrons.
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