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Abstract

Synthesis conditions have been established and arginine (Arg) containing iodine chelate compounds with the general
formula: IxArgy-mH20 (where x =y =1 or 2; m=1 +3) have been synthesized. The synthesized chelates have been studied
using a number of physical and chemical research methods. Composition has been determined by means of trace
element analysis, while individuality - via melting temperature measurement and diffractographic method. It has been
established via study of qualitative solubility in different solvents that chelates are highly soluble in water and poorly
soluble in organic solvents. Using the conductometric method there has been calculated the dissociation constant for
solutions containing chelate compounds.

As a results of studies, conducted under production conditions it has been established that addition of chelate form of
microelement (iodine) to broiler feed has a positive impact on all zootechnical parameters (live weight, daily weight
gain, survival and feed consumption).
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1. Introduction

Nowadays, population provision with safe, high-quality agricultural products (poultry and animal meet) and
improvement of environmental state is one of the relevant problems. Important role in solution of this problem is played
by so-called essential microelements. This circumstance can be explained by the fact that microelements are essential
for normal growth and development of living organisms. That is why their deficit or abundance in living organisms
causes disruption of vital processes and number of pathologies. Their content in living organisms varies within the
limits of 10-3-10-5%. As far as microelements perform their functions in chelate form, it is preferrable to enter them in
this form. Our scientific team continues with research oriented at creation of essential microelements, their physical-
chemical study and their use in poultry feed [1-6], the essential microelement iodine is selected as the subject of
research.

Microelement iodine is ranked among the indispensable biogenic elements. In living organisms, more than half of
available iodine is contained by thyroid gland. According to the scientists of the World Health Organization, an intellect
quotient IQ is directly depended on the iodine content in organism. lodine deficit causes retardation of physical and
mental development and contraction of an endemic disease - goiter. lodine is one of the basis elements for synthesis of
thyroxine and thyroid thyroxine. These hormones are produced by thyroid gland. Thyroxine regulates (adjusts) energy
exchange and thermal balance in organism. At the same time thyroxine performs the catalyst’s function during energy
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production in cells. If poultry portion doesn’t contain selenium, iron, and vitamins in sufficient quantity, animals and
poultry always experience iodine deficiency since iodine intake is not managed. Entry of chelate form of iodine into
portion (due to high digestibility degree) reduces its dose to be digested and increases iodine content in organism.

Iodine deficiency causes reduction of thyroxin excretion from thyroid gland, which in it turn stimulates hypophysis
formation and excretes increased quantity of thyroid gland stimulating hormone (TSH). This increased TSH production
causes further enlargement of thyroid gland, which is usually called goiter. Enlarged gland is formed as a result of
thyroid gland follicles” hypertrophy and hyperplasia, which increases secretory surface of follicles. Lack of thyroid gland
activity or thyroid gland suppression among birds via administration of thiouracil or thiorea causes chickens standing
and obesity. It also causes growth of abnormally long lacy floccus. Uptake of thyroxine or iodinated casein by egg-laying
birds increases egg production and improves egg shell quality. lodine content in eggs depends on iodine dose taken by
a chicken. The degree of chicken egg-laying and hatching reduces when applying by iodine deficit-related diet. Retarded
iodine absorption takes place as well.

Iodine biological role is as follows:

Stimulates organism growth and development;

Adjusts tissue growth and differentiation;

Increases arterial blood pressure and strengthens heart cardiac performance;
Adjusts (increases) rate of many biochemical reactions

Adjusts exchange reactions, increases body temperature

Adjusts protein, fat metabolism and electrolytic exchange

Adjusts vitamin exchange

Expands oxygen consumption by tissues [7-10]

Despite advantages related to chelate form, microelement iodine is used in medicine, veterinary and as an additive in
premixe composition in non-chelate state - mainly KI, Nal, iodates or organic iodine (iodinated yeasts, milk protein etc.)
[11-14]; this circumstance is explained by the fact that iodine is characterized by high affinity to formation of anion-
type compounds, that is why receipt of chelate iodine compounds is associated with problems. Amino acids, which are
basic structural units of protein molecules in living organisms, are most frequently used as chelating agents during
chelate synthesis, therefore they are of especial importance when used in poultry and animal feeding [15-17]. They are
nutriceuticals, which correct organism resistance, that is why amino acid-containing chelates may be successfully used
not only in premix composition, but also in veterinary as medications. Among amino acids, we have selected basic amino
acid arginin as a research subject. It is a nitrogen oxide donor, that promotes blood-vascular system enervation and
elasticity. This fact is of great importance for treatment of number of diseases (cardiovascular system, brain, immune
and nervous system, atherosclerosis, genital system etc.). According to new investigations, very abundant arginine
consumption by immune cells (which protect brain) is a reason of Alzheimer disease contraction [18-22].

Taking these factors into account, our scientific team has established synthesis conditions and has synthesized arginine-
containing iodine chelate compounds. Physical-chemical study of synthesized compounds has been conducted and their
biological activity has been explored.

2. Method

e Trace element analysis - for establishment of chelate compounds composition;

Melting temperature determination and X-ray-diffractometric study - in order to establish chelates’
individuality;

Solubility - for study of compounds’ qualitative solubility in different solvents;

Conductometric study - for determination of dissociation constant for solutions containing chelate compounds;
Weighing method - in order to determine broiler weight gain;

Count method - for establishment of birds’ survival rate;

Consumed feed accounting method for determination of feed consumption and conversion.

3. Results and Discussion

We have elaborated the method and have synthesized iodine chelate compounds containing arginine (Arg), with iodine
and arginine 2:1; 1:2 and 1:1 molar ratio, in minimum water volume in alkaline medium, under conditions of vigorous
mixing and heating, through evaporation over the bath. Individuality of synthesized chelates has been established by
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means of melting temperature measurement at the melting temperature determining device - melting point /SMP10/.
Chelates are easily fusible substances and virtually melt at the room temperature. Qualitative solubility of compounds
in different solvents has been determined as well, according to which they are characterized by high solubility in water,
and poor solubility in alcohol, acetone and dimethylformamide (Table 1).

In order to determine the dissociation constant of chelate compounds containing arginine a conductometric study on
the device pH and Conductivity Sensor LE703 has been conducted. For this purpose, for compounds there have been
prepared solutions with molar concentration within the limits from 0.0007 to 0.00002M. Experiment has been
conducted in thermostat at 25 °C. Experimental results are given in Table 1. RZ - regression estimate indicator, which
shows how close are the experimental data to the corresponding graph function, it varies within 0,41-0,75 limits. In our
opinion, an increased numerical value of R2 in case of 2:1 ratio of Arg : I (arginine and iodine), may be explained by
formation of stable five-membered cycles around iodine atoms by two mole arginin atoms.

Table 1 Some physical-chemical characteristics of iodine chelate compounds containing arginine

# % Mol | Melting Solubility Conductometric Survey Results
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1 | IArg1,5-H20 | 455.5 | 18 2.49 + - - sl.sol. | 0.41 2.97
2 | IArgz-3H20 529.8 | 22 0.97 + - - sl.sol. | 0.75 3.69
3 | IArg-H20 319.1 | 20 0.46 + - - sl.sol. | 0.42 3.22

DMFA* - dimethylformamide, + soluble, - insoluble, sl. sol. - slightly soluble

The humidity B has been determined using the analyser AXIS ADGS50. With study of their solubility in different solvents
ithas been established that all chelates are highly soluble in water, in ethanol and acetone these compounds are virtually
insoluble, while in dimethylformamide they are featured by slight solubility.

Except for melting temperature determination, the individuality of the compounds: 1Arg-H20 (1), IArgz-3H20 (2) and
I2Arg1,5-H20 (3) has been established by the diffractometric method, as well. X-ray-diffractometric study was
conducted using /IPOH-4.07 at Cuk«(A=0.154184 nm) irradiation. During exposure, samples were rotated in their own
plane by means of special device - I'TI-13. Diffractograms of the initial compounds have been recorded for comparison,
as well (Fig. 1-3).

1500 +

XRD Intensity, cps

=

mw bty

TW T *‘Tm Y

20, Degree
M [Arg-H.O m |; m Arg

Figure 1 Diffractogram of the compound IArg.H20
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Figure 2 Diffractogram of the compound IArgz.3H20
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Figure 3 Diffractogram of the compound I2Arg.1,5H20

As is seen from the diffractograms’ analysis, in all three cases (Fig. 1, 2 and 3) the reacting substances (iodine and
arginine), as well as the obtained products are in crystalline state. At that, as far are the diffractogram of each of the
obtained chelates differs both from each other and from diffractograms of reacting components and are featured by
location and intensity of diffraction maximums, which are characteristic for them. From there, one may conclude that
new, individual chelates are obtained in all three cases (Fig. 1, 2 and 3).

3.1. Research results under factory conditions

Table 2 Zootechnical analysis (percentage composition) of pre-prepared combined broiler feed for iodine chelate test

Research setting | Start Grower Finish

(%) (0-10 days) | (10-25 days) | (25 dais +)
Raw protein 23.2 21.5 19.7

Raw fat 5.0 5.2 4.9
Humidity 10.6 10.4 10.1

Ash 5.5 5.1 4.2

Raw cellulose 3.1 2.7 3.4

Starch 37 36 39

Sodium 0.18 0.18 0.18
Calcium 1.0 0.75 0.67
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In order to establishe the biological activity of iodine chelate compounds containing arginine, we have studied effect of
arginine-containing chelate on broiler productivity.
During a test, all technological parameters of breeding, such as illumination, ventilation, stocking density, feeding line,
drinking space meet the requirements for cross ,ROSS 308”. Analysis results for the feed used during a test are obtained

by the Near-infrared spectroscopy (NIRS) using FOSS-device.

Table 3 Experimental design

Groups Iodine dose per 1 wing (mkg)

Control 0

[ Experimental 300

1 Experimental | 200

[1I Experimental | 100

Experiment was carried out on the meat-type cross,, ROSS-308“in broiler breeding factory located in the Karaleti Village
of Gori Municipality. Chelates’ effect on growth and development of broilers and meat quality has been studied. Main
productivity indices have been recorded and studied within a period of 0-35 days. Broilers have been fed phase-by-
phase by combined feed intended for farm enterprise. 200 one-day chickens have been selected for a test and have been
divided into four groups 50 birds each. Control (first) group took basis feed portion, while the first, second and third
test groups have been fed by the same portion to which an iodine chelate compound has been added. During a test,
technological parameters of broilers survival rate were similar for all groups and complied with the requirements for
cross ,R0SS-308“breeding. Broilers have been fed phase-by-phase: start - 1-10 days, grower - 10-25 days and finish -
25-35 days. Feed portions satisfied the nutritional standards for ,ROSS-308“.

The goal of the first stage of tests conducted on meat-type cross ,R0OSS-308“broiler was a study of effect of feed additive
iodine chelate on poultry (broiler) productivity - daily and absolute weight gain, survival rate, total feed consumption
by 1 bird, feed consumption per 1 kg of weight gain and breeding efficiency (European productivity index).

In total, four groups of cross ,,ROSS-308 broiler have been tested: control one (which took a combine feed used by the
poultry enterprise); I test group (basic full-value combined feed plus iodine chelate compound 300 mkg per bird); II
test group (basic full-value combined feed plus iodine chelate compound 200 mkg per bird); III test group (basic full-
value combined feed plus iodine chelate compound 100 mkg per bird); main productivity index has been recorded and
studied within a period of 0-35 days

Table 4 Broiler live weight dynamics

Groups The live weight (g)
according to days

1 days | 14 days | 28 days | 35 days
Control 41.6 450.13 | 1450.06 | 1960.33
[ Experimental | 41.6 455.16 | 1470.39 | 1980.44
Il Experimental | 41.5 465.41 | 1495.14 | 2070.02
II1 Experimental | 41.5 460.21 | 1480.46 | 2030.36

Based on trial results one may state that a weight of one-day chicken subject to test was almost the same in all groups
and varied between 41.5-41.6 gr. Results are in close proximity to standard weight of one-day chicken (42 gr). The
mentioned fact points at the high homogeneity of chickens tested.

At the age of 14 weeks the highest live weight was recorded among broilers of the second test group - 465.41 gr, to
which iodine chelate was added (iodine dose: 200 gr per 1 bird). The mentioned weight is 3.4% higher than that of the
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control group (P=0.01). As for the same-period broilers of the first and third test groups, where chelate dose was 300
and 100 gr per bird, respectively, their weight exceeded the control group by 1.12% and 2.24% (P=0.05).
At 28-day age, the surplus of live weight of broilers of the second test group over the control one was slightly reduced
down to 3.11%. At that, the difference between live weight of the first and third test groups and the same index of the

control one comprised 1.4-2.10%.

At the end of breeding (at slaughter age), at 35-day age, the highest live weight 2070.02 gr was recorded in the second
test group, which exceeded the control one by 5.60%.

Table 5 Absolute weight dynamics

Groups Absolute weight dynamics
0-14 days | 14-28 days | 28-35 days | 0-35 days
Control 408.53 999.93 510.27 1918.73
[ Experimental | 413.56 1015.23 510.05 1938.84
[IExperimental | 423.91 1029.73 574.88 2028.52
III Experimental | 418.71 1020.25 549.9 1988.86
Absolute weight gain
W O-id days ([ 14-38 days 2535 days [ 0-35 days
Fh
2000
E 1500
i 1000
£
8O0
o
Contrel | Taat il Tzt il szt
aroeap

Figure 4 Absolute weight gain

By calculation of the absolute weight gain we established that a weight gain is different at the different breeding periods.
The maximal absolute weight gain was observed at 14-28-day age and comprised 999-1030 gr. The highest weight gain
for this period was obtained in the second test group and was equal to 1029.73 gr, which exceeded the control one by
2.98%.
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Figure 5 Daily weight gain (0-35 days)
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The highest weight gain was recorded in the test groups. During a breeding period (0-35 days) daily weight gain varied
between 54-58 gr in all groups and was the highest - 57.96 gr in the second group and the smallest in the control one -
54.82 gr.

Survival rate % (Viability 0-35 days)

Contral | Tast Il Text M Tesi

100 %

Ciroups

Figure 6 Survival rate % (viability 0-35days)

Broilers’ survival rate during the experiment comprised 94-96% in the test groups; survival rate is the highest one in
the first and second test groups - 96%, which exceeded the index of the control one by 6%.

3.2. Feed consumption and conversion

Feed Consumption and Feed Conversion Ratio

W Fesd intake (kgfiird)
W FOR (kg fesdkg gain)

I Tast

Groups
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Figure 7 Feed consumption and feed conversion ratio

Feed consumption in the broiler’s breeding period comprised 3,25-3,45 kg per 1 bird, and 1,59-1,76 in terms of one
kilogram of weight gain. The lowest feed consumption per 1 kg of weight gain was recorded in the second test group -
1,59 kg, which is 9.66% lower than in the control one. The feed consumption per 1 kg of weight gain in the first and
third test groups was lower by 3.98-9.09%, as well.

3.3. Broiler breeding efficiency index (European productivity index)

Productivity indices for meat-type poultry have been calculated according to European index formula, given below:

Viability (%) X Body Weight (Kg)

European Index = ® 100
Age(d) X FCR (kg feedikg gain)

Table 6 European index results

Indicators Control | I Experimental | II Experimental | III Experimental

European Index (unit) 286 321 357 341
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Figure 8 European Productivity Index

Productivity index was the highest one in the second test group and was 71 units higher compared to the control group.
Productivity index is 35-55 units higher in the first and third groups, as well.

4., Conclusion

Based on the carried-out studies the following conclusions can be made:

Synthesis conditions have been established and arginine-containing iodine chelate compounds have been
synthesized; chelates are individual substances, which are featured by high water solubility, poor solubility in
ethanol and acetone and are insoluble in dimethylformamide. The individuality of synthesized compounds has
been established through melting temperature measurement and diffractographic method of study;
Dissociation constants of compounds have been calculated using conductometric method of study;

Addition of chelate form of microelement (iodine) to poultry feed has had a positive impact on all zootechnical
parameters;

The live weight of 35-day age broiler has been increased by 1.03-5.60%, and daily weight gain - by 1.06-5.73%,
compared to the control one.

Survival rate in the test groups was 4-6% higher, compared to the control one, and feed consumption has been
reduced from 3.98 to 9.66%, in comparison with the control group.

Compliance with ethical standards

Disclosure of conflict of interest

No conflict of interest to be disclosed.

References

[1]

[2]

[3]

[4]

Chagelishvili G., Chkuaseli A., Chagelishvili A., Beshkenadze I, Klarjeishvili N. , Gogaladze M., Chikaidze M.
Synthesis of Boron Chelates and Their Usage in Broiler Feeding. 2023, World Journal of Advanced Research and
Reviews; ISSN:2581-9615; CODEN (USA):WJRAJ; 19(01), 019-027;
https://wjarr.com/sites/default/files/WJARR-2023-1277.pdf

Chagelishvili G., Chkuaseli A., Beshkenadze I, Klarjeishvili N., Gogaladze M. , Begheluri G. Synthesis of
Molybdenum Acid-containing Chelates and Their Usage in Broiler Feeding. 2022; Annals of Agrarian
Science;Vol.20, #2,pp. 120-130, ISSN:15121887 https://journals.org.ge/index.php/aans/article/view/124

Beshkenadze I., Kozmanishvili G., Japaridze L., Salukvadze E., Nonikashvili N., Gogua L. Synthesis and study of
Arginin-containing copper and chrome chelates. 2024 World Journal of Advanced Research and Reviews,
ISSN:2581-9615; CODEN (USA):WJRAIL; Vol.22; (3) https://wjarr.com/sites/default/files/WJARR-2024-
1775.pdf

Beshkenadze I. , Klarjeishvili N., Gogaladze M. Tchikaidze M , Gabelia Ts. Synthesis and study of Arginin-
containing iron and cobalt chelates. 2024 World Journal of Advanced Research and Reviews; ISSN:2581-9615;

2431


https://wjarr.com/sites/default/files/WJARR-2023-1277.pdf
https://journals.org.ge/index.php/aans/article/view/124
https://wjarr.com/sites/default/files/WJARR-2024-1775.pdf
https://wjarr.com/sites/default/files/WJARR-2024-1775.pdf

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

World Journal of Advanced Research and Reviews, 2025, 25(01), 2424-2432

CODEN (USA):WJRAI; (); vol.21; (01); : 2576-2583; Article DOI https://wjarr.com/sites/default/files/WJARR-
2023-2598.pdf

Beshkenadze I., Klarjeishvili N., Gogaladze M., Chagelishvili G., Salukvadze E, Japaridze L. Additive of chelated
trace elements in poultry feed; Sakpatent ,U 2023 2158Y; 2022, 02-03

Beshkenadze I.,Zhorzholiani N, Gogaladze M., Urotadze S., Chagelishvili A., Begheluri G. Heteronuclear Citrates
containing admix for Poultry Feeding; Sakpatent; U1887; 2016-03-18

Pearce EN, Zimmermann MB. The Prevention of lodine Deficiency: A History. Thyroid. 2023; 33(2):143-149,;
PMID: 36795091. DOI: 10.1089/thy.2022.0454

Lamberg BA. Endemic goitre--iodine deficiency disorders. Ann Med. 1991 Oct;23(4):367-72.; PMID: 1718324.
DOI: 10.3109/07853899109148075

Delange F. lodine deficiency in Europe and its consequences: an update. European Journal of Nuclear Medicine
and Molecular Imaging; 2002; vol.29; pp.s404-s416; doi: 10.1007/s00259-002-0812-7.

Skalnaya M.G. Jod: Biological role and significance for medical practice; Microelements in medicine; 2019; (2);
P.P.:3-11; https://www.journal.microelements.ru/uploads/2018_2/3_19(2)_2018.pdf

Bykova E.V., Voronin S.P. , Korobov A.P., Vasiliev A.A. , Gumeniuk A.P. , Kudinov A.V. .ZimenS Y.N. Effect of
Chelating Compounds of Microelements for lodine Enrichment of Cow Milk; OnLine Journal of Biological Sciences
2018, 18 (3): 285.289; DOI: 10.3844/0jbsci.2018.285.289

Shatskikh E.V. Physiological justification for the use of various forms of selenium, iodine and zinc compounds in
feeding broiler chickens; Doctor of Biological Sciences; 03.00.13; 2009; 383 P
https://www.dissercat.com/content/fiziologicheskoe-obosnovanie-ispolzovaniya-raznykh-form-soedinenii-
selena-ioda-i-tsinka-v-ko

Cjganova O.S. Effect of iodine in the early postembrional period on the production indicators of fermented
eggs;Candidate of Biological Sciences; 2009; 06.02.02; P.P.133. https://www.dissercat.com/content/vliyanie-
iodkazeina-v-rannii-postembrionalnyi-period-na-produktivnye-pokazateli-tsyplyat-bro

Alpeisov Sh.A The Effect of the feed additive “Albit Bio” in combination with the probiotic “Torulact” on the
productivity of broiler chikens; Stock-raising and veterinary; 2022, Nel (93) ISSN 2304-3334;
https://doi.org/10.37884/1-2022/02

Rahmanto AS, Davies M]. Selenium-containing amino acids as direct and indirect antioxidants. [IUBMB Life. 2012
Nov;64(11):863-71. doi: 10.1002 /iub.1084.PMID: 23086812.

Baljsheva A.V. Development and study of the biological activity of a pharmaceutical composition based he salts
zinc (II) glycin; PhD in Biology; 2005; 15.00.02; P.P135s. https://www.dissercat.com/content/razrabotka-i-
izuchenie-biologicheskoi-aktivnosti-farmatsevticheskoi-kompozitsii-na-osnove-so

Al-Daraji H. ., Salih A. M. Effect of dietary L-arginine on productive performance of broiler chickens. Pak. ]. Nutr.
(2012).11 (3), 252-257.DOI: 10.3923/pjn.2012.252.257

Andrew P.]., Mayer B. Enzymatic function of nitric oxide synthases; Cardiovascular Research; 1999; 43 (3): 521-
53; REVIEW.; PMID 10690324 DOI: 10.1016/s0008-6363(99)00115-7

Koga Y., Akita Y., Junko N. Yatsuga, S., Povalko N., Fukiyama R., Ishii M., Matsuishi T.Endothelial dysfunction in
MELAS improved by l-arginine supplementation. Neurology. 2006 Jun 13;66(11):1766-9.; PMID: 16769961. doi:
10.1212/01.wnl.0000220197.36849.1e

Koga Y. [L-arginine therapy on MELAS]. Rinsho Shinkeigaku. 2008 Nov;48(11):1010-2. Japanese. PMID:
19198147 doi: 10.5692 /clinicalneurol.48.1010.

KogaY., Akita Y., ].Nishioka], Yatsuga S., Povalko N., Katayama K., Matsuishi T.. MELAS and L-arginine therapy.
Mitochondrion. 2007;7(1-2):133-9. Epub 2006 Dec 5. PMID: 17276739. doi: 10.1016/j.mit0.2006.11.006.

Fathima S., Hakeem WG.Al, Selvaraj RK., Shanmugasundaram R. Beyond protein synthesis: the emerging role of
arginine in poultry nutrition and host-microbe interactions. Front Physiol. 2024 Jan 3;14:1326809. PMID:
38235383; PMCID: PMC10791986. https://pubmed.ncbi.nlm.nih.gov/38235383/

2432


https://wjarr.com/sites/default/files/WJARR-2023-2598.pdf
https://wjarr.com/sites/default/files/WJARR-2023-2598.pdf
https://doi.org/10.1089/thy.2022.0454
https://doi.org/10.3109/07853899109148075
https://pubmed.ncbi.nlm.nih.gov/12192540/
https://doi.org/10.37884/1-2022/02
https://doi.org/10.3923/pjn.2012.252.257
https://pubmed.ncbi.nlm.nih.gov/?term=Andrew+PJ&cauthor_id=10690324
https://pubmed.ncbi.nlm.nih.gov/?term=Mayer+B&cauthor_id=10690324
https://www.ncbi.nlm.nih.gov/pubmed/10690324?dopt=Abstract
https://doi.org/10.1016/s0008-6363(99)00115-7

