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Effects of Organic Minerals Organic Mineral Supplementation (Cu, Fe, Zn, Mn) on Egg
Production and Egg Shell Quality in Laying Hens

ANONY LNwAaN
Supharuek Ketsila

AMPIVIFNIFNENT AULNYATANENT UNNINEIT8RUATIVENT

UNANEa

& M & o v a v o | ~¢ v o v a '
nsidealnliilugeaimnssuddgiasenglaliuninunsns TneniduladedAyndanase

o

Usgnsnmnisuanliuagnaninvaadienlifenisianistasuinis nsldussnduvse wu vesuns

(Cu) wian (Fe) d3ngd (Zn) waguueniila (Mn) JunumdAglunisiinangy nsas1uwad uag

v
[ a [ |

nszvIunsaiialdenty dunindiiinguisasdiiefnyinavesnisiasuussindunidanailuemsia

)
ldsUsyAnsnmnananuazannmdients Tnsldsusuuas@nuionarsinms 3 atu sl a.e.
2020-2022 lag3iAs1eviNaTaINTiaTuwss1ndunsdluseau 0.3, 0.45, 0.6, 20, 30, 33uay 50% 6o
Alansuenms siednsinisnsliuasaunmvesddenly nuitnisesuuisnduvsdluseausneg duase
gnsnssldlaunnaneiu agelsinin nsasuussindunsdluszau 0.45% dawalinnuudausives

WaenlumuduegraitdediAy TuvaeNin1siasuussmdunidsenu 0.6% wag 33% yMAAUNUIT9

A I 1 1 % ~ I U 1 Y1 a ! a al 6t I o v a 1
Waenlvliunnssiudiaiisuiunguaivay asuladn nsesuussindunidluomslivivlinandaly

'
= (%

UINTU WANISIESUATZAU 0.45% Hieiiuanuuduswenddenty Fenateannisgydeniinainms

wanvaslula

a 6

AEARY: 519 M5BUNTS AN NIY uazAuAINUERNTY



UNI

o A

nsdesinlyfodunislugaamnssuddgiiaseeldliduinuasnslunatedszine sy

o

Uszdnsamnsndnluliii e ienoUaunInINAIN1598Ina1n NNty widsdmalaensesianisan
AunuuaziiunaiilsvesUsenauns nilsluladeddgiduasuuse dansamnisndnlifion1sinnig
Lawwinis Weaniznsldussindunidluoimsvedlnly ussmdunsed wu newuns (Cu) wan (Fe)
g a a = o a a0 | 1 1
fanzd (zn) wazunsnida (Mn) dunumdrdglunszurunismisdauainigeg Tusrenievesla laggae
dasuNTZUIUNTUAIUEATY N13a519eesluu wazn1sas1vwadllndanun ussmmatdeig
wsuasesyuuUszam uanluesiusznauddglunsiaunssgnuaznisaiiulionly auaudifey
1 a a 6 d‘ ! = Y 1 ! a a 6 o M Yo ]
YDIITMBUVTIRRNISTT NN AN Tanndulafniussnlugluuveiiunid vililalasuansemnseti
Weme wilugisUatevesnsnalindnnuinlssdnsainnisgaduussinanas Jymdrdgnnulugis
Uanereamsislvfiennuudusiveadentvanas iiesminnisgeduweadeuuazussiniinertosanas
danabidenlyeeune wanite uwazneliiAnnisgasdelyszninnssuiunisiivsiusin Jeamdu
Uszanas 10-15% veslanianualuunensdl Jymiaananidawanssnusenaninvaslyuazasnniiy
a a 1 v a ] a a s M o= & = A
Hemenaasygiasedusenaunts nisasuussindunidluomsvedliludaduiuimaniangae
widgnidinanldegadivsz@ninm iesnussigmariivnumduiinsyduiazesdusznoues

ulwiiifeitesiunszuiunmsasialdenly suddiufduiusinenssiundnuaa@auiiii avuszning

I a

nszvIuNsasedenly Fedreiuenuuduswazaunnveulionlvldegisaau

(% (%
v v o A

Aedy dununiFadingussasinefnwinavaanslidussindunsd Cu, Fe, Zn, wag Mn Tuawns

q

noUszdnsnmnisudsuasamnnly

a

NAYBINTTIHUITIMBUNTE Cu,Fe,Zn waz Mn saussansnmnisnanlad

= 1

lun1s@nw1ves Chen et al. (2022) lasin1sUssiliunansenureInsliussnBuvsddonmunInuay
Usgansamnisnanlulaglaviinisiaiuwssig laun Fe, Cu, Mn wag Zn lusedusngg wu OTE0.3%,
OTE0.45% way OTE0.6% Han1sAnwiwandliiiuiinisesunssindunidluseausieglddnanseny
agafideddnseUszansamnisraniveslildsudUSmansivenmsaeiminlduarnsinsauly
(P > 0.05) (Table 1) FadonAdosriu Zhang et al. (2021) lsvhmsilasgrinavesnisiaiuussns leun
Fe, Cu, Mn wag Zn siadszdvizninnisnandnliveslilienguin laglinuinnisiasuussmdndidea
ﬂiwuasmﬁﬁfaﬁﬁfg@iaﬂﬁaﬁLf““iaﬁaqﬁ’umsmaﬁﬂﬂisamﬁm%mmmiﬁummmaﬂjmﬂ'ﬂ"lfzjLLazé’m']ms
Auld (Table 2) aeslsinuussnduvsd Cu, Fe, Zn, uaz Mn TngduInuaIain TR T UTEUU

HenukasruunsEanuINNIseuLduiugIsdmalinisiasuussintaiulidnadenandnly wilunig

9

naufiu J.L. Qiu et al. (2020) l9imsesinavasemsnaassnausednsnimnisnan liveslnly (a1y 52-

a o [

60 dUnM) NuIMNFUNLATUIT MBS TlusEAU TM33% TdnsnsnanlianasegraiiudAy (P <

2



0.05) Waisuiuosuanluldunndsainnquatuauegsiiteddny Tundu MM33% T8nsnisaaydely

'
a

Windusgadided1dg(P < 0.05) Wailsuiunguaiuguuazngy TRT33%(Table 3) ag19lsfinuussg

BuN3d Cu, Fe, Zn, 4ag Mn lagdiuannudiaslininfnedfussuuidentayssuunseanuInnin seuy

duiugisdamalinsesuuisntnuliinasonandnly

Table 1. Effects of dietary organic trace elements supplementation on production performance

of late-phase laying hens. (Hy-line brown laying hens aged 65 weeks-old)

ltems CT  OTE0.3% OTE0.45% OTE0.6%  SEM P-value
Average laying rate,%  83.63 83.60 84.27 82.72 0.229 0.118
Average egg weight, ¢ 59.50 60.75 60.08 60.92 0.239 0.130
ADFI, g 138.64 138.66 139.46 138.78 0.143 0.136
(Feed/egg, ¢/9) 234 228 2.28 2.28 0.010 0.163

Control group was fed with a basal diet supplemented with of inorganic trace elements Cu, Fe
Zn and Mn 7.80, 84, 72 and 72 mg/kg, OTE0.3%: were fed with a basal diet supplemented with
organic trace elements Cu, Fe Zn and Mn 3.90, 42, 36 and 36 mg/kg, OTEO0.45%: were fed with a
basal diet supplemented with organic trace elements Cu, Fe Zn and Mn 5.85, 63, 54 and 54 mg/kg
OTEO0.6%: were fed with a basal diet supplemented with organic trace elements Cu, Fe Zn and

Mn 7.80, 84, 72 and 72 mg/kg, SEM = Standard error of the treatment

Source: Chen et al. (2022)

Table 2. Effects of Cu, Zn, Mn, and Fe supplementation on laying performance of aged laying

hens. (Jing Hong laying hens aged 57 week-old)

ltems Treatment SEM  P-value
cT IT1I00% OT20% OT30% OT50%
Egg production (%) 84.97 85.13 83.48 86.17 86.17 0.43 0.274
Average egg weight (g) 71.52 70.91 71.23 72.23 71.32 0.16  0.107
Egg mass (g of egg/hen/day) 60.71 60.49 59.77 61.82 61.46 0.27 0.128
Feed intake” (¢/hen/day) 12032 119.68 120.11 120.31 11996 0.23 0912
(Feed/egg, ¢/9) 1.97 1.98 2.00 1.94 1.95 0.01 0.141



https://www.sciencedirect.com/science/article/pii/S1751731121002445#tblfn6

Control; the basal diet supplemented with Cu, Fe, Zn and Mn 10, 60, 80 and 80 mg/kg, inorganic
treatment [T100%; the basal diet supplemented with Cu, Fe, Zn and Mn 10, 60, 80 and 80
me/kg, organic treatment OT20%; the basal diet supplemented with Cu, Fe, Zn and Mn 2, 12, 16
and 16 mg/kg, organic treatment OT30%; the basal diet supplemented with Cu, Fe, Zn and Mn
3, 18, 24 and 24 mg/kg, organic treatment OT50%; the basal diet supplemented with Cu, Fe, Zn
and Mn 5, 30, 40 and 40 mg/kg

Source: Zhang et al. (2021)

Table 3. Effect of experimental diets on productive performance and eggshell quality of laying

hens during the late laying period. (HY-Line White, 52 to 60-week-old)

ltems Treatment SEM P-value
cT ITM33% TRT33%
Egg production (%)” 78.91° 76.08° 78.68° 0.01 <0.05
Fog loss (%) 2.07° 2.51° 1.91° 0.01 <0.05

Control; basal diet supplemented with inorganic trace minerals at commercial levels Cu, Fe, Zn
and Mn at 12, 36, 90, and 90 mg/kg, ITM33%,; a basal diet supplemented with inorganic trace
minerals at 1/3 commercial levels Cu, Fe, Zn, and Mn at 4, 12, 30, and 30 mg/kg, TRT33%; a
basal diet supplemented with proteinated trace minerals at 1/3 commercial levels Cu, Fe, Zn,

and Mn at 4, 12, 30, and 30 me/kg
Source: J.L. Qiu et al. (2020)
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Chen et al. (2022) $1691U3I1MN3E33U559, Fe, Cu, Mn uag Zn Tuenslalinuinnsiadud
s¥iu OTE0.45% fanuudeussonuonluifiuduogiaunn (P<0.05) Turagnisiaiudl OTE0.3 uas
OTE0.6% lifinasioaunduswaniaenly nsiasusineimsdunidlulsunandniesliinatnuse
dwinivAenlduazanumuvenddentvifleifisusunguenuau (Table 4) Tumandufu JL. Qiu et al
(2020) 5189112152 AUUT 5 1R B UNTINT o dunTdludimuisluldviiliaruvuiveadenly
Wasuwlas (P>0.05) ludruanuudaussvesudonls nguimM33% finrmudussveadienlianasoeis
fitfudndiny (P < 0.05) leiflsurunguaruauuaznga TRT33% nau TRT33% danundaussesudenly
Liunndnaanngunivatedslivudfy wazlifinuunndnsegadidedfty (P > 0.05) luaunuives
Waenly sgwinangualuay, NqUITM 33% uag TRT33% (Table 6) 91nn15@N®1909 Zhang et al.
(2021) lavihnsAinwnaveansiasuussig aun Fe, Cu, Mn uag Zn sislassainaganiauveadionlaly
Iflvongann wudnsasuussndandnvislusuuuueiiuns (T 100%) wagBun3s (OT 30%, OT 50%)
dwalirumnvesudentdifiutuedsddeddydonisufioutunduaunslaengy OT 50% wag IT
100% LiuansauuansisiuluFosamnveaudenlyogiltuddy vgiingu OT 20% fa
wuwenldenlininninngu OT 30%, OT 50% waz IT 100% agtaddgy (Table 5) agalsAniunis
i@ UuIs MBS Iuavetiunid Cu, Fe, Mn way Zn Yreiasuasemnundswesdianluwasainumun
vouvFenltlfidosnuismuarifiunumddylunssuiunsmeduaiiieadestunsaiiuasiadu

ANULdaLseUAantnly

Table 4. Effects of dietary organic trace elements supplementation on egg quality in late-phase

laying hens. (Hy-line brown laying hens aged 65 weeks-old)

ltems CT  OTE0.3% OTE0.45% OTE0.6% SEM P-value

Fggshell breaking strength, ~ 39.34°  38.32° 41.76° 37.75° 0.468  0.005
N

Eggshell weight, g 6.45 6.31 6.15 6.22 0.068  0.453
Eggshell thickness, mm 0.30 0.29 0.32 0.30 0.005 0.332

Control group was fed with a basal diet supplemented with of inorganic trace elements Cu, Fe
Zn and Mn 7.80, 84, 72 and 72 mg/kg, OTE0.3%: were fed with a basal diet supplemented with
organic trace elements Cu, Fe Zn and Mn 3.90, 42, 36 and 36 mg/kg, OTEO0.45%: were fed with a

basal diet supplemented with organic trace elements Cu, Fe Zn and Mn 5.85, 63, 54 and 54 mg/kg



OTEO0.6%: were fed with a basal diet supplemented with organic trace elements Cu, Fe Zn and

Mn 7.80, 84, 72 and 72 mg/kg, SEM = Standard error of the treatment
b Values with different superscripts in the same row are different (P < 0.05).

Source: Chen et al. (2022)

Table 5. Effects of Cu, Zn, Mn, and Fe supplementation on eggshell ultrastructure of aged

laying hens (Um)0.* (Jing Hong laying hens aged 57 week-old)

[tems Treatment SEM  P-value

cT IT100% 0OT20%  OT30% OT50%

Effective thickness 183.799  265.52° 265522  242.64° 25757 459 <0.001
Mammillary thickness 91.49°  75.88° 90.58° 85.77% 81.220¢ 1.14  <0.001
Mammillary knob width ~ 66.03*  56.02° 63.4%° 59.315¢ 55.90¢ 0.90 <0.001

Control; the basal diet supplemented with Cu, Fe, Zn and Mn 10, 60, 80 and 80 mg/kg, inorganic
treatment [T100%; the basal diet supplemented with Cu, Fe, Zn and Mn 10, 60, 80 and 80
me/kg, organic treatment OT20%; the basal diet supplemented with Cu, Fe, Zn and Mn 2, 12, 16
and 16 mg/kg, organic treatment OT30%,; the basal diet supplemented with Cu, Fe, Zn and Mn
3, 18, 24 and 24 mg/kg, organic treatment OT50%; the basal diet supplemented with Cu, Fe, Zn
and Mn 5, 30, 40 and 40 mg/kg, a—c Mean values within the same row with different
superscripts differ significantly expressed as P < 0.05 and differ extremely significantly expressed

as P < 0.01.
Source: Zhang et al. (2021)

6. Effect of experimental diets on productive performance and eggshell quality of laying hens

during the late laying period (52- to 60-week-old).

ltems Treatment SME P-value
cT [TM33% TRT33%
Shell strength (N)? 35.89° 24.87° 35.34° 1.50 <0.05
Egg shellthickness (mm)* 0.35 0.34 0.35 0.01 0.532

Control; basal diet supplemented with inorganic trace minerals at commercial levels Cu, Fe, Zn
and Mn at 12, 36, 90, and 90 mg/kg, ITM33%,; a basal diet supplemented with inorganic trace
minerals at 1/3 commercial levels Cu, Fe, Zn, and Mn at 4, 12, 30, and 30 me/kg, TRT33%; a
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basal diet supplemented with proteinated trace minerals at 1/3 commercial levels Cu, Fe, Zn,

and Mn at 4, 12, 30, and 30 mg/kg
b Values with different superscripts in the same row are different (P < 0.05).
Source: J.L. Qiu et al. (2020)
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