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Extended Abstract

Background: Reducing antagonism, interference, and competition between minerals, increasing
their availability, neutralizing anti-nutritional substances, and enhancing performance, health
(immune system, nutritional activity), comfort, and welfare of animals are key objectives.
Additionally, improving the quality of livestock products (meat, milk, wool, etc.), reducing the
destructive effects of minerals on vitamins in premixes and supplements, and preserving the
environment by minimizing pollution are some benefits of using organic minerals. Chelates of
organic materials (especially proteins) and metallic elements have a high absorption rate in the
intestine, allowing for a reduction in the standard levels of these elements in the diet without
negatively affecting the production characteristics of livestock and poultry. This, in turn, reduces
environmental pollution caused by these elements. The aim of the current research was to
investigate the trends in the field of chelation to identify hot and emerging issues and to examine
the changes in the intellectual structure of this field.

Methods: This research studied the intellectual structure of the chelation field using reference
analysis. The research community consisted of all research and review articles published from
1990 to 2022 in journals indexed in the Web of Science database. The data source was the Web of
Science database, and the data analysis tool used to draw the intellectual structure of this field was
Citespace software.

Results: The analyzed data indicated that terms such as zinc, copper, pig, cattle, metabolism, and
bioavailability are prominent keywords reflecting the hot spots in the field of chelation during the
investigated time period. From 2001 to 2008, terms such as growth performance, trace element,
cobalt, dietary zinc, and trace mineral emerged, while from 2010 to 2019, new topics included
carcass traits, meat quality, and nutrient digestibility. The main points and hot topics identified
during the investigated periods included terms such as zinc (331 co-occurrences), performance
(324), copper (216), and supplementation (180). Among the keywords, "availability," "ruminant,"
and "calf" showed the longest duration of prominence, receiving attention from the scientific
community for 28, 19, and 16 years, respectively. Additionally, the keyword "pig" had the highest
citation rate of 13.28 during the period of 2000-2008, making it a focal point for the scientific
community. Overall, the hot and emerging topics in the field of chelation can be categorized into
several stages: the first stage (1990-2006) included emerging topics such as nitrogen, barley,
protein, sheep, and zinc; the second stage (2007-2016) focused on plasma and selenium; and the
third stage (2017-2022) highlighted health, muscle, beef, trace minerals, and dietary
supplementation.

Conclusion: The hot and emerging issues identified in this study can serve as a roadmap for
macro-scientific planning and policies in the country. The results of this research can be utilized
by policymakers, professors, researchers, and organizations interested in the field of animal
husbandry.

Keywords: Chelate, Intellectual structure, Co-referencing, Co-occurrence of words, Emerging
Topics.
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Table 1. Prominent keywords of chelated area based on the most co-occurrence

3lass Count Jls Years (£909¢) sS” ©lalS” Keywords (Topics)
331 1991 zinc
324 1993 performance
216 1990 copper
180 1996 supplementation
166 2004 growth performance
157 1993
144 1995 rowt%
127 1991 bioavailability
121 1992 cattle
116 1992 digestibility
109 1994 manganese
109 1992 diet
105 1990 metabolism
101 1990 protein
82 1992 dairy cow
82 1990 iron
80 2000 quality
75 1991 absorption
74 1993 sheep
73 1991 calcium
69 1992 cow
65 2008 trace mineral
63 2002 deficiency
63 1994 sulfate
63 1994 phosphorus
61 1991 milk
60 2001 vitamin e
59 2007 selenium
58 2008 immune response
57 1993 excretion
56 1991 methionine
56 1990 soil
55 2002 dietary zinc
55 1995 e
55 1992 digestion
55 1993 blood
52 1999 nutrition
51 2003 carcass characteristics
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1988 - 2022

Keywords Year Strength Begin End
nitrogen 1988 8.15 1990 1999
barley 1988 3.76 1991 2004
availabity 1988 7.11 1992 2008
digeston 1988 577 1992 2002
degradation 1988 5.77 1992 2002
rummant 1988 516 1992 2012
proten 1988 6.81 1993 2002
calve 1988 6.64 1993 2012
rumen 1988 578 1993 2002
chick 1988 4.28 1994 2006
appasent digestibiiny 1988 426 1994 2011
molybdenum 1988 4.80 1996 2008
sheep 1988 4.62 1997 2002
cow 1988 6.26 1998 2009
cattle 1988 542 1998 2006
rat 1988 428 1998 2007
weanling pig 1988 454 1999 2014
g 1988 13.28 2000 2008
goat 1988 4.05 2000 2010
znc 1988 7.11 2003 2005
soil 1988 5.75 2003 2007

growing pig 1988 427 2004 2010

growth 1988 4.05 2007 2009

steer 1988 4.72 2008 2014

digestibility 1988 4.52 2008 2009

feed 1988 5.63 2009 2013

pasture 1988 4.53 2009 2016

phytase 1988 4.04 2009 2013

plasma 1988 5.33 2010 2014

fertility 1988 4.79 2010 2018

nursery pig 1988 3.66 2010 2011

laying hen 1988 4.54 2011 2015

orgame acid 1988 4.1 2012 2017

won 1988 3.66 2013 2014

in vitro 1988 449 2014 2018

milk production 1988 423 2014 2019

broiler chicken 1988 4.07 2014 2018

selenium 1988 3.50 2014 2016

health 1988 573 2015 2020

parameter 1988 8.19 2007 2022

mmmune response 1988 6.35 2017 2022

expression 1988 6.15 2017 2022

muscle 1988 5.09 2017 2019

beef 1988 393 2007 2019

meat quality 1988 5.87 2018 2020

profile 1988 5.44 2018 2020

eggshell quality 1988 5.33 2018 2020

dietary supplementation 1988 4.59 2018 2022

trace mineral 1988 42 2018 2019

trace element 1088 3.83 2018 2020

heat stress 1088 3.61 2018 2022

oxidative stress 1088 7.12 2019 2022

egg quality 1988 6.58 2019 2022

nutrient digestibility 1988 5.48 2019 2022

meat 1988 4.97 2019 2020

reproductive performance 1988 4.69 2019 2022

antox:dant status 1988 4.98 2020 2022

Iipid metabolism 1988 4.79 2020 2022
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Figure 3. The best words in the field of chelation in terms of citation prosperity index
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Table 2. The prominent references of chelated area based on the most cited

Count Year Cited References
20 2016 NASEM, 2016, NUTR REQ BEEF CATTL, V8, PO
18 2010 Suttle N, 2010, MINERAL NUTRITION OF LIVESTOCK, V0, P306, DOI 10.1079/9781845934729.0306
16 2016 Samuelson KL, 2016, J] ANIM SCI, V94, P2648, DOI 10.2527/jas.2016-0282
15 2016 Liu B, 2016, BIOL TRACE ELEM RES, V173, P316, DOI 10.1007/s12011-016-0658-7
15 2014 Stefanello C, 2014, POULTRY SCI, V93, P104, DOI 10.3382/ps.2013-03190
15 2017 Faulkner MJ, 2017, J DAIRY SCI, V100, P5358, DOI 10.3168/jds.2016-12095
14 2007 Bao YM, 2007, ] APPL POULTRY RES, V16, P448, DOI 10.1093/japr/16.3.448
14 2018 Goff JP, 2018, J DAIRY SCI, V101, P2763, DOI 10.3168/jds.2017-13112
14 2015 Genther ON, 2015, J DAIRY SCI, V98, P566, DOI 10.3168/jds.2014-8624
14 2016 Marques RS, 2016, J ANIM SCI, V94, P1215, DOI 10.2527/jas.2015-0036
13 2014 Arthington JD, 2014, J ANIM SCI, V92, P2630, DOI 10.2527/jas.2013-7164
13 2014 Swiatkiewicz S, 2014, WORLD POULTRY SCIJ, V70, P475, DOI 10.1017/S0043933914000531
12 2014 Pogge DJ, 2014, J ANIM SCI, V92, P2182, DOI 10.2527/jas.2013-7481
12 2016 Flohr JR, 2016, ] SWINE HEALTH PROD, V24, P290
12 2017 Faulkner MJ, 2017, J DAIRY SCI, V100, P5368, DOI 10.3168/jds.2016-12096
12 2007 Nollet L, 2007, ] APPL POULTRY RES, V16, P592, DOI 10.3382/japr.2006-00115
11 2016 Sirri F, 2016, POULTRY SCI, V95, P1813, DOI 10.3382/ps/pew064
11 2016 Genther-Schroeder ON, 2016, J ANIM SCI, V94, P3389, DOI 10.2527/jas.2015-0209
11 1999 Suttle, 1999, MINERAL NUTR LIVESTO, V0, PO
11 2008 Siciliano-Jones JL, 2008, J DAIRY SCI, V91, P1985, DOI 10.3168/jds.2007-0779
11 2007 Griffiths LM, 2007, ANIM FEED SCI TECH, V137, P69, DOI 10.1016/j.anifeedsci.2006.10.006
10 2010 Rabiee AR, 2010, J DAIRY SCI, V93, P4239, DOI 10.3168/jds.2010-3058
10 2016 Naz S, 2016, WORLD POULTRY SC1J, V72, P159, DOI 10.1017/S0043933915002755
10 2015 Xiao JF, 2015, POULTRY SCI, V94, P1871, DOI 10.3382/ps/pev138
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Lop 56 References with the Strongest Citation Bursts

References Year Strength Begin End 1990 - 2022
CHANG X, 1992, J ANIM SCI. V70, P339, DOI 10.2527/1992.702559x, DOL 1992 4.38 1993 1998
MOONSIESHAGEER §, 1993, T ANIM SCT, V71, P232, DOI 10.2527/1993 711232x, DOL 1003 438 1903 1008

LINDEMANN MD, 1995, T ANIM SCL V73, P457
NRC. 1998, NUTR REQ SWIN, V0, PO
Mavromichalis I, 1999, J ANTM SCI, V77, P2700
NRC, 1996, NUTR REQ BEEF CATTL, V7, P0

1995 3.69 1996 2001
1998 723 1999 2004
1000 533 1900 2004

1996 376 1999 2001

Suttle. 1999, MINERAL NUTR LIVESTO, V0, PO 1999 712 2002 2004 —
**NationalResearchCouncil-NRC, 2001, NUTR REQ DAR CATTL, V0, PO 2001 305 2005 2007
Bao YM. 2007, T APPL POULTRY RES, V16, P448. DOI 10.1093/japr/16.3 448, DOL 2007 745 2008 2013
Noflet L, 2007, J APPL POULTRY RES, V16, P592, DOI 10.3382/japr.2006-00115, DOL 2007 6.33 2008 2013
Siciliano-Tones JL, 2008, T DAIRY SCI, V01, P1985, DOI 10.3168/jds 2007-0779, DOL 2008 631 2008 2013
Griffiths LM, 2007, ANIM FEED SCI TECH. V137, P69, DOI 10.1016/ anifeedsci 2006.10.006, DOT 2007 584 2008 2013

AoT, 2006, INT JPOULTRY SCI, V5, PS03
Creech BL, 2004, T ANIM SCI, V82, P2140

2006 507 2008 2013
2004 444 2008 2010

Nocek JE. 2006, T DAIRY SCI. V89, P2679, DOI 10.3168/jds 50022-0302(06)72344-X, DOL 2006 363 2008 2010
Suttle N, 2010, MINERAL NUTRITION OF LIVESTOCK, V0, P306, DOI 10.1079/0781843034720.0306, DOI 2010 942 2011 2016
Rabiee AR, 2010, T DAIRY SCI, V93, P4239, DOI 10.3168/jds 2010-3058, DOL 2010 517 2011 2016
Zhao J. 2010, T APPL POULTRY RES, V19, P363, DOI 10.3382/japr.2009-00020, DOL 2010 445 2011 2016
Ao T. 2009 POULTRY SCI. V88, P2171, DOI 10.3382/ps 2009-00117, DOT 2009 36 2011 2013
**NationalResearchCouncil(NRC), 2012, NUTR REQ SWIN, V11, PO 2012 735 2014 2019
Stefanello C, 2014, POULTRY SCI, V93, P104, DOI 10.3382/ps.2013-03190, DOL 2014 556 2004 2019 S—
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Figure 5. The best articles and citations in the field of chelation in terms of citation prosperity
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SWIAIKIEWICZ S, 2014, WOKLL PUULLKY SULL. V/U, P473, DUL LU.LUL//SUMSY$39 14000251, DUL

Arthington 1D, 2014, T ANTM SCI, V92, P2630, DOI 10.2527s 2013-7164, DO
Pogge DI, 2012, TANIM SCL, V00, P2602

Manangi MK, 2012, J APPL POULTRY RES, V21, P881, DOI 10.3382japr 201200531, DOI
Pogge DI, 2014, T ANIM SCL, V92, P2182, DOL 10.252725.2013-7481, DOL

ElHusseiny O M, 2012, International Tournalof Poultry Science, V11, P363

Herdt TH, 2011, VET CLIN N AM-FOOD A, V27, P255, DOL 10.1016j.cvfa 2011.02.004, DOL
Machado VS, 2013, VET T, V197, P451, DOT 10.1016.412013.02.022, DO

Richeson 1 T, 2011, Professional Animal Scientst, V27, PA6L

Favero 4, 2013, POULTRY SCL, V92, P402, DOL 10.3382/ps.2012-02670, DOL

‘Geather ON, 2014, T ANIM SCI, V92, 695, DOI 10.2527/25.2013-7066, DOL

NASEM, 2016, NUTR REQ BEEF CATTL, V8, PO

Genther ON, 2015, T DAIRY SCI, V98, P566, DOI 10.3168ds. 2014-8624. DOL

Sammelson KL, 2016, T ANTM SCT, V94, P2648, DO 10.2527/jas 2016-0282, DOT

LiuB, 2016, BIOL TRACE ELEM RES, V173, P316, DOI 10.1007/512011-016-0658-7, DOT
Xiao JF, 2015, POULTRY SCI, V4, P1871, DOT 10.3382/ps/pev138, DOL

Flohr IR, 2016, J SWINE HEALTH PROD, V24, P290

Faulkner MJ, 2017, TDAIRY SCI, V100, P3368, DOI 10.3168/ds.2016-12096, DOL

Faulkner MJ, 2017, T DAIRY SCI, V100, P5358, DOI 10.3168/ds 2016-12095, DOT

Marques RS, 2016, J ANIM SCI, V94, P1215, DOI 10.2527/jas.2015-0036, DOL

Singh AK, 2015, BIOL TRACE ELEM RES, V164, P233, DO 10.1007/512011-014-0222-2, DAL
Zhao CY, 2014, BIOL TRACE ELEM RES, V160, P361, DOI 10.1007/512011-014-0052-2, DOT
Lin ZH, 2015, POULTRY SCI, V94, P2686, DOT 10.3382/ps/pev251, DOL

Xiao JF, 2014, POULTRY SCI, V93, P380, DOI 10.3382/ps 2013-03354, DOL
(Genther-Schroeder ON, 2016, J ANIM SCL, V94, P3389, DOL 10,252 /4as 2015-0209, DOL

Goff JP, 2018, T DAIRY SCI, V101, P2763, DOI 10.3168/jds.2017-13112, DOT

Kuwiecien M, 2016, LIVEST SCI, V191, P43, DOI 10.1016/ livsci. 2016.07.005, DOL

Rao SVR, 2016, BIOL TRACE ELEM RES, V172, P511, DOI 10.1007/512011-015-0587-x, DOL
Zakaria HA, 2017, BRAZ J POULTRY SCI, V19, P519, DOI 10.1590/1806-0061-2016-0415, DOL
VanValin KR, 2018, T ANIM SCI, V96, P5336, DOI 10.1093/jas/sky384, DOL

Caldera E, 2019, T ANIM SCT, V97, P1852, DOI 10.1093fas/skz072, DOL

Swain PS, 2016, ANIM NUTR, V2, P134, DOL 10.1016/j.aninu.2016.06.003, DOL

NASEM, 2016, NUTR REQ BEEF CATTL, V0, P0, DOI 10.17226/19014], DOT

Otukosi OA, 2018, POULTRY SCI, V97, P3§91, DOI 10.3382/ps/pey247, DOL

Carmichacl RN, 2018, J ANIM SCI, V96, P2039, DOI 10.1093 jas/sky177, DOL
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Continuation Figure 5. The best articles and citations in the field of chelation in terms of citation prosperity
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Figure 6. Concepts and thematic clusters of studies in the field of chelation
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