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1. Inductively Coupled Plasma- Optical
Emission Spectrometry
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Table 1. Ingredients and chemical compositions of experimental starter (based on % DM)

% (Feedstuff ingredients) _s1, 4 s/
50 (Corn ground) sz bt &3
10 (Barley ground) eaz oLz
25 (Soybean meal) L 5. dis
8 (Full fat soya) siz 35,251 b s <l
1 (Wheat bran) ¢S’ . s
1 (Calcium carbonate) ,..ls =iy s
0.5 (Di-calcium phosphate) i s s
1 (Sodium bi-carbonate) w.a. oy s
1 (Salt) o
0.5 (Magnesium oxide) .. ;e 1.5
2 (Minerals & vitamins premix) * jaxs 5 ool s JoSeo
Sis osle 53 Ao ys (Chemical composition) lews <l.S 5
88.22 (Dry matter) iex osbe
29 (St osle p S US55 5 IS L slin 555
Metabolisable Energy (Mcal/kg)
19.72 (Crude protein) o= .55,
13.49 (NDF) ot o s 53 Jslomals U
6.18 (ADF) (gl sag 53 53 Jsloesls SUI
54 (NFC) U e glalyen s, S
4.43 (Ether Extract) ¢ ;! s las
0.63 (Calcium) s
0.54 (Phosphorus) ,i.:

Ay Yoo B ey Ul a8 10 D3 el s o Wl dls Opges 53 A sl s b sloie i 08 LS a s bappelu s oS S

£S5 ke oren € alis 508 oo VEAY ls o S e Ve s 0 S e 100 K ey T
*Contained per kg of premix: vitamin A 2000000 IU, vitamin D3 175000 1U, Vitamin E 2000 1U, vitamin k 150 mg,
Biotin 10 mg, Niacin 1493 mg, Vitamin C 30000 mg.
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Table 2. Level of Cu, Mn, Zn, and selenium in starter of suckling calves (mg per kg)

[ [JUERPS
(Orgaiici;urce) (Inorjarﬁ:: f:urce) (Source) gz
- 0.3 (Sodium selenite) . ol
0.3 - (Yeast selenium) (s yose otk
R 40 (Manganese oxide) ;& .Sl
40 - (Manganese Proteinate) <.z, 5w
- 50 (Zinc oxide) s, LS
50 - (Zinc Proteinate) «.ss » 3,
- 10 (Copper sulphate) .. o s
10 - (Copper Proteinate) «.s 5, e
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4. Randox and Ransel LOT.NO 331RD (made
in England)
5. BHBA
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1. Cell counter, MINDRAY BC Vet 2800
(EXIGO. Sweden)

2. Biorexfars Co., Iran

3. EON-BIOTEK, America
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Table 3. Starter and Dry Matter intake of suckling calves (g)
055
Pvalue SEM S e I b e
(Organic source)  (Inorganic source)

G 53 05 S0V 6 Ssas b 5l b e 3T Sss

0.08 35 874.8° 789.2° }
Starter intake to 70 days (g/d)
Vel Sia8 5 (el Slossts nd) bas Ko ole S
0.08 35 1474.8° 1389.2° Gos 50 05) S35
Total Dry matter intake to 70 days (g/d)
0.01 19 1109? 1041 Gso 025 S b Sia58 51 b pae R P

starter intake to 80 days (g/d)
(70PN Sls pre oo b (P<e700) s s Dl adins OLES Cinsy a5 gl e g ool slalles Sle =SEM
SEM=Standard error of means, Values with different superscript letters within a row are significantly different at
(P<0.05) or significantly trend at (0.05<P<0.1)

Inorganic source: Calves were fed with inorganic form of Cu, Mn, Zn, and Se; Organic source: Calves were fed with
organic form of Cu, Mn, Zn, and Se

b3l o b odd 0085 ,1 55 o sladlusS 53 S1hss 233k 5 455, 055 Gl alg 035 le - Jpux
Table 4. Result for Weight, ADG, and Feed Efficiency at Weaning of suckling calves
65,5
Pvalue SEM M St e
(Organic source)  (Inorganic source)

(858D A Olespo 0 055

040  0.46 42.03 42.56 - _
Initial Body weight (kg)
004 159 87.82° 83.36" (15550 525 25 S5m0 035
Weight at Weaning (kg)
0.08 0.02 674 608" Gas 3 05 @liss 035 SRIB oSSk
Average Daily Gain (g/d)
007 001 0.463° 0.435" St S 23t

Feed Efficiency
G/ 0SPSN) s me oo L P</00) ls me OB odias OLAS Cisy oo 5o alie o g okl (slallas u:.<-l.n =SEM
SEM=Standard error of means, Values with different superscript letters within a row are significantly different at (P<
0.05) or significantly trend at (0.05<P<0.1).

Inorganic source: Calves were fed with inorganic form of Cu, Mn, Zn, and Se; Organic source: Calves were fed with
organic form of Cu, Mn, Zn, and Se

1



O Kod g (Sws Lo ple

S NS PR gNCCHIELF JNNMPI I i Y
5 G @l o ol ool G (V)
ob s Sy o 45 sl 0L Ll S 53 s
5 inrte M) Sl iy Gdae 3 4 e
SR b s sl sls 0L Yer 4 Oles
e s byl s 5 s Shes (Rl Co e
Yove 0L 5 Lo oy sl aallas L(0)
A5 3 o e (i ste — S0 p 2 Sl eala
5Ll 05 o 53 (55 Olse Sl (a8
5 S ey amaa ¥ el 55 50 Jls e LS
N

e B e o pll Olle a5
i s Lacls S ol ple 5o K
5 ol Mg s SSL s S 5 O Gl
23820 B 5 (A) Oy A3y s 0 e 36
O e g gl 3l 3 Y At g5 03 ged S5
S 350 bl 015 o0 (YY) bdle S 55 Sl
(s e L S 5 Gas e Sl ez
3t 5 Sy D mae Ledl Rl o e
Al s gl S s s Ses
03 OLES 0 o gl 1gn e 5 557 Sloamal
Slaazivl b S35 = Sl me 6 e J o3
S ler S pen Do Jod 51 S5 sles
(P L g o a3 glad S Sl
bsec Bl Sl e s S san
SLesdS o (SS1y il Jsho 1S san
o=l 3 (P=0/00) il Adw lad 5 IS 5 56 3
5 st Oln 2 56 5 Sl p 5 Sl
(P=1/00) cull bewd $l S

1V

S s slge Il das e 0L Slalllae

Slap 2 am Cad S5 (oo fd SlB e
e DI e el ol 0l T
S o Ol 355 o O 3 Ll 5 Slas
2 S o G SN S S a0 5K Dl
23 e (S S L sy (O) gLl LG
e L 3 e bl b 5K JT e 3
0355 bl ¥ 5l e 5 ;s sla0sslS L
Heas oo S ) e cpl ol Ol oSS
s ommls g a8 O o i s sl
Jlo 53 OLSan 5 xSy Yoro Jlo s 0L
N 5V L S8 o) 5l 51K wodr Olee YOV
sdalin 55 V48A Jlu 55 she (VD(FA) 35 Ao s
L I p b a oy ds s 55 55 p a5 8
53 e 3 05l S pal e 50 slal
0355 51 Ol ol 2l oo 5,058 oS s
223555 Sl peman (Y8)22,5 0 S5 8
Sao i ons 2als Julse 5l badla S ST 52
() el e, 3 (ssls) T s Ko
585 obe (g beds L) JTp 3 el
G e ol ol s e (S IL LG K
sl ke 5 lor SaelSlr 51 i al )y 53
S Slaman (M) o5 o Koo gba0IS L Jos
5> S5 3 5K 3 Ol ol OLE Gios el bt
e e L edd 18 1 s gl S
Aos3 Ve 5K Ul 5 RIS Ao VT 5 YO
P Dl sl DL ) g b pe opl &8 3L
RYS U WY S i SN Y PYSTT)
VA4Y 5 0L 5 (g o ke 31 s Slalas

o e i b 5 T 505 0L

1. un saturable Para cellular



YE+ o (V) 0kond d(A) B WS gl 45 (i gy Ay puid

N pd GBS 55 G sl p s -0 Jdx
Table 5. Blood parameters experimental suckling calves

5
- - d-l
P value SEM S St e Unity
(Organic sources) (Inorganic sources)
. a Lh é j‘ -
0.54 0.16 7.40 7.54 10%2 /1 A sl s
RBC
. Lo 2o o2
0.19 0.29 37.00 36.43 fiL o e
MCV
5 S SaS| sl
0.51 1.03 17.25 18.19 % 553 SlS pmm SSy wals
RDW
o S slea
0.68 0.20 15.50 15.34 % 5
HCT
s
0.58 0.48 8.52 8.89 1091 ke sl IS
WBC
. < Y-
0.6 0.11 11.48 11.40 g/dl S o Ole
HGB
S
0.72 0.29 15.51 15.37 *nglcell b B IS g
MCH
. é .]d_.d - TR
0.66 0.79 41.82 42.29 o/dl ko S o Lo e A
MCHC
oo 5 015
0.65 0.22 464 4.78 10°/1 = Sl
Lymphocyte
G o) 631 S 01
0.87 0.31 2.97 3.04 109 /I o g1 S O e
Granulocyte
s 5530 Ol
0.89 0.07 0.99 0.97 10°/1 s 5 58 Ol e
Monocyte

*Inorganic source: Calves were fed with inorganic form of Cu, Mn, Zn and Se; Organic source: Calves were fed with
organic form of Cu, Mn, Zn, and Se

Fl: The femtolitre is the metric unit of volume equal to 107" liters; Pg: The picogram is a unit of mass in the
International System of Units, defined as 10™°kilogram

St 3 pLKin 3 053 p s 93 G 5 38 Sismal 5 56 gemes BLaST g Sl 0556 518 (Gla g 5T Ol NV Sk
S e gadla S
Table 6. Amounts of antibody 1gG, enzymes GPX and SOD in blood serum at weaning of suckling calves

5_9;
P value SEM M e S e
(Organic sources) (Inorganic sources)
- & G- |
0.91 55.17 419.23 419.41 G 209 05 ) © Ll 2
1gG (mg/dl)
=) 19) 3laeSl s 0556 )8
0.32 44.2 557.85 495.09 Gl 02 1) St 0550508
GPX (IU/L)
: S d=ly) 56 ST,
0.83 0.07 0.6 0.58 (A o 02 1) S S
SOD (1U/ml)

*Inorganic source: Calves were fed with inorganic form of Cu, Mn, Zn, and Se; Organic source: Calves were fed with
organic form of Cu, Mn, Zn, and Se

055 o 53 G IS g sasl e 5 50 sees bl ol 53 a8 sl QL N s 3 m

Dbl ol 53 e (P20/00) G 34 LLS! e m-J Oms 53 (Guls mme sLiS
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Table 7. Amount of Mn, Zn, Cu, and BHBA in Blood serum at weaning of suckling calves

05,5
P value SEM M S e
(Organic sources) (Inorganic sources)
- g HH <~‘
0.018 0.21 15.43° 14.54° G e 2 2,550 55
Mn (ng/ml)
= S )2 S <~4
0.61 6.64 65.23 69.98 G o 02 255.550) 6
Zn (ug/dl)
0.85 155 1708 169.86 G 2 52 0.55,50)
Cu (pg/dl)
Gl oo dge o) Sl i S s
0.17 0.014 314 344

BHBA (mMol/l)

(/00PN s s Jee b (P<esv0) s oo Ol eas OLES s, s il b by skl glalles Sl =SEM
SEM=Standard error of means, Values with different superscript letters within a row are significantly different at

(P<0.05) or significantly trend at (0.05<P<0.1)

*Inorganic source: Calves were fed with inorganic form of Cu, Mn, Zn, and Se; Organic source: Calves were fed with

organic form of Cu, Mn, Zn, and Se

Lis s et adis jole ool Sl 3L oS I ot
(P=e/00)sly mals ool e K5 4

il 3 S ae o S sl Ul
Ole a8 35 QLIS A Jsd s Ll sbadle
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Table 8. Amount of Mn, Zn, and Cu in manure of suckling calves (mg/kg)

S
P value SEM M St e
(Organic sources) (Inorganic sources)
0.003 13.64 215 285.87° (Magnesium) ;<.
0.04 16.68 274.16" 327.47° (Zinc) s,
0.006 3.28 53.44° 68.82° (Copper) -

(/00SP< ) Sls s Jee b (P<e/00) s pme SOl aias OLES sy o 5o aline 8 Gy = bkl glalles ol =SEM

SEM=Standard error of means,Values with different superscript letters within a row are significantly different at

(P<0.05) or significantly trend at (0.05<P<0.1)

*Inorganic source: Calves were fed with inorganic form of Cu, Mn, Zn, and Se; Organic source: Calves were fed with

organic form of Cu, Mn, Zn, and Se

L\



YE+ o (V) 0kond d(A) B WS gl 45 (i gy Ay puid

o= 52 (W) 5SS slaal (6 i p s 53 S35
(e s e B b s e
Gl S 3 o) o Ol 3 (G135 Gre kS
b S Oy s Slides s A sl I s
7S5 Olgee SRIENVAVA OLIKes 5 p gt Jas 5
e Sl e ik S5 SIS STy s
Olses Sl 508 SR onl 02 (O s 8 Ll
Sl L s LU T 5wy 55
sls 3 fi.» Sold e

LS g 5T St s e 5 5K
Jnd O3St o o 50 45 3015 5520 50 yas
23 o e W 8k s s d e (S i 5o
5 5 Pl ol el DL s b e s 2
L s o3 Lal D oge A ol s 5 Shas
e (V) 305 B3, O 53 jemie 53 ) lie
2 e Rl ot e als QL L5 0l
o Lol andis el S s o e 380 Ol
o r—i_}j ke s gl pme ool LLJ
weas e 0L Olidss A sl Ll S -l
3 sz ST g 53T Sl Ly 580 4 S
L3 ,5Mn-SOD . Jls Lgs Jgesyls 395
Ol 3 Sldlas 3)ls L5, STy 5380 Ol
1S o3 b 36 pans S g o 5T b oS 5l
e el Sl Bl s g p e 53 e Ol e
o Ol s ol 03 ailer (V0) S el
285 e e 5 daldos S 55 55 p e
el 2 Shes 3 oslinal 5550 55858 0 gl aie
A Ol a3l ol ol S|y 0556 IS
sl i oSt w5 0 glad sk s oo
ek o pete gl o B s e 0L Dllllas (YY)
3 g e e Wil ks JUESH A
TRNA i b p 3 4 4S5 llg 0 50t b

1. Trans cellular

¢

2 Sl i Sty b T s e e

13 cp Al 5 A ALS s el o td el U]
dons o Sl galon 4 oAl il
osliinl 5o 3 d5dS s ol sen Al &S
sbdds sy o See Al mzmen (V) 253 o
(10) ol LL3 | 55 A 3 s Olsee U a3 S0
oalS Cm e s 35S das e Ol Olalllae
G oS bedd badlasS s Sl b e o
05 ol s OV) Sl B s Sy S s
L;})j_ié)\sv_;yﬁi\_?w_ﬂp_éjxﬁ sls plas
fo—o 50 =l 45 LAl S5 siles Slaanal b
S Sl S S 55 n e A3 o 0L
4S Sl e g o sl s dalios S g s
Sl 4t S5 les glaasanl 2 (5250
o e ols 0L e nl s s s S b
AlosS g 8da 53 o3 VY Oljs & e o83 2alS
53 s e B Oln w5 L s s
fotsn ol B (Gls pae eis AL S
oS Glas b S e Ol oS ol (glandllas b 3illas
LS 0 SHES 53 p S o 0 51 AS 3 e Ol
LR S e dS e (o S
ot AS 53 s 0,53 Ol Fags ol s Yl
2 et Rl s s b s 02 Ol ) )
Sl e o LS 3 (9l e i (T
DS L sl Ll (55 mbie S eslinal S

Oy Rl 2 ols fre 80 LIS (oS 5500
22 s A sl il o3 i slaslS 5o i
AL i Lodd Ll p b 0Kl ey ol
Lo 515 5 Lot sl Ol = (505 ms
S35 W Sl s plodl o i 53 .l
S Gl e Ll S ST

Q\J_:,a )J cu.\;— U:"i‘)j‘ U'l‘ 3 ol Lff};)jtﬁ Jg.\;r



O Kod g (Sws Lo ple

e sl 45 el 0L Rasgy ool s

el 5 S0 K s s (1) s
e LS e el STy s &b
a3 5 g Gk Sl moble pl W s s
Ersm ol 5 A S oS Sl ol 15
Sy G a2l Ay po e LS
ST Jl ecasls cpleida sl Sl i gladlla S
Shaaminl b Ol Gls ine 6 30
s Ly B e e Sla 3T 5 s
s Ll 5SSkl LAl Sl e
4S5y (=S At Ol e asi il b
Lok 5 S0 5 e b 5 Rl
e il St e JoSeys T T e
Gladla S Sy aasl 5 18 5 Sles 25
ol Gleslimul I ad pliida sl3
BN g—ﬂ (’J—"’ e Sls f}:*l—w ENCED ‘J—*-<~‘ ‘o
SIS T St ine o oS

g oo gl Sl

Sl Swlw
oS A5 LS el ST e, 51 oot s

W ali_..\.q“\.ﬁji w_\wj 4_’;%15 v;..l_su.:bﬁ
)34\563‘)5‘ L;ow)‘)u()@: oroe CM.:J? NEEH

J‘)g‘:"’”ﬁj’”\"z" mY a.l..:Lw) 6)\;" &Ajﬁ g)'.’.‘ cbu(

.J>J§

P
1. AOAC 2003. Official method of
analysis 17th Edition Association of
Official Analytical Chemists,

Washington, DC, USA. 984.27.

2. Asters, D.G., painter, D.l., Briegel, B.,
Bake, J. and Purse, D. B. 1988.
Influence of manganese intake on body,

0

Sk o3 358 o i el b Jlad 2 5 oS
O e A S S ey oLl i o e el
E s o= O s el Jsk
GLadllu S s 55T o dlad Ol oS 515 0L
A15) £90/09 s S Lol A5 Sl 0
Sladln S Ol5e ol &SI 53 55 () 0
0OV/AS asy pyil al S JIPRRPURELI Py
e ol ) Je sl Al () s asly)
Yozl aS dias o QLI ¢y bse il 30 5l
e Stn 3l sl (I o3 il (2150
Sl Ol o 53 el 55Tl e
WL (68 3 s it p 3 a0 il
o2 i b o Ol eI s s Ao
AY0) 540 Ao s 00 B b (50 518 55 oy sute sl
L s e Sl S sl alllas s
05 b st lasls s (e stk
(V) 3 e3ls Gl T 0 gt oy 53 1y 1S
s 4SS L) sladshe Sl 5o 655

Sesls ol—is oladlas ((VY) 5505

Sy
b5y 0t e 53 BHBA Sl 5y oS5 hsls
b0 3ls 4SS (i 3L an 5 b et
S oAl Olms 53l s kS pde 4 a5
4S 350 (8 xS AT OlF 0 O p e 53 s
o2 bedd wlis gladle S s ooy ol Ll
ol g S35 U3 e S s A

FORRH P PR G

L

wool and testicular growth of young
rams and on the concentration of
manganese and the activity of
manganese enzymes in tissues. Journal
of Agriculture Research. 39: 517-24.

3. Claypool, D.W., Adams, H.W., Pendell,

N. A., Hartmann, J. and Bone, J.F. 1975.



YE+ o (V) 0kond d(A) B WS gl 45 (i gy Ay puid

Relationship between the level of copper
in the blood plasma and liver of cattle.
Journal of. Animal. Science. 41: 911-
914.

4, Conard, H.R. and Moxon, A.L. 1979.
Transfer of dietary selenium to milk.
Journal of Animal Science. 62: 404-411.

5. DeFrain, J. M., Socha, M.T., Tomlinson,
D. J. and Kluth, D. 2009. Effect of
complexed trace minerals on the
performance of Lactating Dairy Cows
on Commercial Dairy. The Professional
Animal Scientist. 25: 709-715.

6. Dresler, S., lllek, J. and Zeman, L. 2016.
Effects of organic zinc supplementation
in weaned calves. Journal of the
University = of  Veterinary  and
Pharmaceutical Sciences in Brno, Czech
Republic. 85: 49-54.

7. Faulkner, M.J. Pierre, N.R. and Weiss,
W. P. 2017. Effect of source of trace
minerals in either forage or by-product—
based diets fed to dairy cows: 2.
apparent absorption and retention of
minerals. Journal of Animal
Science.100: 5377-5386.

8. Fengtao, Ma. Yegianli, Wo. Hongyang,
Li. Meinan, Wei. and Peng, Su. 2020.
Effect of the source of zinc on the tissue
accumulation of source of zinc and
jejunal mucosal zinc transporter in
Holstein dairy calves. Journal of Animal
Science. 10:1246.

9. Flanagan, P.R. 1980. Trace metal
interactions involving the intestinal
absorption mechanisms of iron and zinc
mineral absorption in the monogastric
Gl tract. Book edited by Frederick, R.
Dintzis Joseph, A. pp: 34-45.

10.Genglebach, G.P. and Spears, JW.
1998. Effects of dietary copper and
molybdenum on copper status, cytokine
production, and humeral immune
response of calves. Journal of Animal
Science. 81: 3286-3292.

11.Gibbons, R.A., Dixon, S.N., Hallis,
A.M. Russel., Sansom, B.F. And
Symond, HW. 1976. Manganese
metabolism in cows and goats. Elsevier
Scientific Publishing Company. 444: 1-
10.

12.Goff, J.P. 2017. Mineral absorption
mechanisms, mineral interactions that

affect acid-base and antioxidant status,
and diet considerations to improve
mineral status Journal of. Animal.
Science. 101:2763-28.

13.Gong, J. and Xiao, M. 2016. Selenium
and antioxidant status in dairy cows at
different stages of lactation. Biological
Trace Elements Research .171: 89-93.

14.Harrison, J and Conard, R. 1988. Effect
of dietary calcium on selenium
absorption by the non-lactating dairy
cow. Journal of Animal Science. 67:
1860-1864

15.Hellman, N. E and Gitlin, G.D. 2002.
Ceroluplasmin metabolism and function.
Edward Mallinckrodt Department of
Pediatrics, = Washington  University
School of Medicine. Journal of Animal
Science. 22: 439-58.

16.Henry, P.R., Ammerman, C.B. and
Litell, R.C. 1992. Relative
bioavailability of manganese from a
manganese-methionine  complex and
inorganic sources for ruminant. Journal
of Dairy Science. 75: 3473-3478.

17.Hidroglou, M. 1979. Trace element
deficiencies and fertility in ruminants.
Journal of Dairy Science. 62: 1195-
1206.

18.Jain, N.C. 1998. Essentials of Veterinary
Hematology, 2nd Edition. Fibiger
Publication, Philadelphia. pp: 65-68.

19.Kincaid, R.L. 2000. Assessment of trace
mineral status of ruminants. Journal of
Animal Science. 77: 1-10.

20.Kinal, S., Korniewicz, A., Jamroz, D.,
Zieminski, R. and Slupczynska, M.
2005. Dietary effects of zinc, copper and
manganese chelates and sulphates on
dairy cows. Journal of Food Agriculture
and Environment. 3: 168-172.

21.Levander, O.A., Alfthan, G., Arvilommi
, H., Gref, C.G., Huttunen, J.K., Kataja,
M., Koivistoinen, P. and
Pikkaraine, J. 1983. Bioavailability  of
selenium to Finnish men as assessed by
platelet glutathione peroxidase activity
and other blood parameters. American
Journal of Clinical Nutrition. 37: 887—
897.

22.Miller, J.K. 1960. Development of zinc
deficiency in holstein calves fed a



O Kod g (Sws Lo ple

purified Diet. Journal of Animal
Science. 43(12): 1854-1856.

23.Miller, N.J. 1996. Trace elements
determinations in foods and biological
samples using inductively coupled
plasma atomic emission spectrometry
and flame atomic absorption
spectrometry. Journal of Agriculture
Food Chemistry. 44: 2675-2679.

24.Mills, C.F., Dalgarno, A.C., Williams,
R. B. and Quarterman, J. 1967. Zinc
deficiency and the zinc requirements of
calves and lambs. British Journal of
Nutrition. 21(03): 751-768.

25.Miranda, S.G., Purdie, N.G., Oshorne,
V.R., Coomber, B.L. and Cant, L.P.
2011.  Selenomethionine  increases
proliferation and reduces apoptosis in
bovine mammary epithelial cells under

oxidative stress. Journal of Dairy
Science. 94: 165-173.

26.Myers hill, G. and Shannon, M.C.
2019.Biological trace element
Research.188: 148-159.

27.National Research Council. 2001.

Nutrient Requirements of Dairy Cattle:
Seventh Revised Edition, Washington,
DC: The National Academies Press. pp:
132-146.

28.Nematpoor, M. and Reza yazdi, K.
2020. Effects of zinc sources on
bioavailability, production performance,
and digestibility in early lactation of

Holstein  dairy cows. Journal of
veterinary medicine. Research of
Animal Production. 27: 66-73. (in
Persian).

29.Pino, F., Urrutia, N.L., Gelsinger, S.L.,
Gehman, A.M. and Heinrichs, D. 2017.

The Professional Animal Scientist
34:51-58.
30.Pogge, D.J., Drewnoski, M.E. and

Hansen, S.L. 2014. High dietary sulfur
decreases the retention of copper,
manganese, and zinc in steers. Journal of
Animal Science. 92: 2182-2191.

L\

31.Qugley, J.D., Caldwell, L.A., Sinkso,
D., and Heitmann, R.N. 1991. Changes
in blood glucose, nonesterified fatty
acids, and ketones in response to
weaning and feed intake in young
calves. Journal of Animal Science. 74:
250-257.

32.Rabiee, A.R., Lean, L.J., Stevenson, M.
A. and Socha, M. T. 2010. Effects of
feeding organic trace minerals on milk
production and reproductive
performance in lactating dairy cows: a
meta-analysis.Journal of Dairy Science.
93: 4239-4251.

33.Sansom, B.F. Symond, H.W.1978. The
absorption of dietary manganese by
Dairy cows. Research in Veterinary
Science 24: 366-369.

34.SAS Institute. 2002. SAS User’s Guide:
Statistics. Release 9.1.3. SAS Inst. Inc.,
Cary, NC.

35.Scaletti, R.W. and Harmon R.J. 2012.
Effect of dietary copper source on
response to coliform mastitis in dairy
cows. Journal of Dairy Science. 95:
654-662.

36.Siciliano, J.L., Socha, M.T., Tomlinson,
D.J. and Defrain, J.M. 2008. Effect of
trace mineral source on lactation
performance, claw integrity and fertility
of dairy cattle. Journal of Dairy Science.
91:1985-199.

37.Ward, J.D. and Spear, JW. 1997.
Comparison of copper lysine and copper
sulfate as copper sources for ruminants
using In vitro methods. Journal of Dairy
Science. 76: 2994-2998

38.Weiss, W.P. and Socha, M.T.2005.
Dietary manganese for dry and lactating
holstein cows. Journal of Dairy Science.
88: 2517-2523.

39.Wright, C.L and Spears, JW. 2004.
Effect of zinc source and dietary level
on zinc metabolism in Holstein calves.
Journal of Animal Science. 87: 1085—
1091.



g
Gorgan University of Agricultural
Sclences and Natural Resources

J. of Ruminant Research, Vol. 8(1), 2020
http://ejrr.gau.ac.ir

Effects of replacing inorganic forms of manganese, zinc, copper and selenium with
their organic source on growth performance of suckling Holstein calves

A. Kasiani', "K. Rezayazdi?, M. Zhandi?
'PhD student and ?Associate Prof., Dept. of Animal Science, Faculty
of Agriculture, University of Tehran, Tehran, Iran
Received: 10/14/2020; Accepted: 12/19/2020

Abstract

Background and objectives: Trace elements play an important role in growth performance
and immune system in livestock. Nowadays, inorganic forms (mineral salts) of these minerals
are added to mineral supplements. Because of mineral interaction, inorganic forms have lower
bioavailability in the gastrointestinal tract. One of the ways to increase the availability of trace
minerals in the digestive tract of livestock is to replace their organic form (chelate with peptides
and amino acids) in mineral supplements. For this purpose, the effects of organic sources of
trace minerals on livestock performance have been studied. The objective of this experiment
was to investigate the effect of replacement of inorganic forms of zinc, copper, manganese, and
selenium with organic sources on starter intake and growth performance of Holstein suckling
calves.

Materials and methods: 30 Holstein calves (422 kg of birth weight) were equally assigned
to two groups of 15 (5 males and 10 females) control and treatment. The experiment was
conducted in a completely randomized design and lasted for 80 days. The experiment was
started at 4 days of age and calves were weaned at 70 days of age and were kept up to 80 days in
individual hutches. All calves were equally fed with same starter. Chelated copper, zinc,
manganese, and yeast selenium in the treatment group and copper sulfate, manganese oxide,
zinc oxide, and sodium selenite in the control group were added to the starter. Weight and
starter intake of calves were measured weekly and daily, respectively. Blood parameters and
serum levels of zinc, copper, manganese, and glutathione peroxidase and superoxide dismutase
enzymes were measured at the start of the experiment and at the time of weaning. Calf feces
were collected at the end of the experiment and after preparing the samples by wet ash method
(AOAC, 984.27); fecal excretion of copper, zinc, and manganese elements was analyzed.

Results: Results showed that starter intake and feed efficiency increased significantly by 85.6g
and 6.44% respectively in the treatment group. Calves were fed with organic form showed a
higher average daily gain (P<0.001). No significant difference was found in blood parameters,
serum levels of copper and zinc. However, the level of manganese in blood serum was
significantly higher in the treatment group. It was not found significant changes in the level of
glutathione peroxidase, superoxide dismutase, p hydroxybutyrate, and immunoglobulin G in
both groups (P>0.05). In this study, Fecal excretion of manganese, zinc, and copper decreased
significantly by 25%, 16%, and 22% respectively for the calves were fed the organic form
(P<0.01).

Conclusion: This study showed that replacing inorganic forms of manganese, zinc, copper,
and selenium with their organic source had positive effects on growth performance and feed
efficiency of suckling Holstein calves. Therefore, total replacement of copper, manganese, zinc,
and selenium with their organic forms is recommended in mineral supplements of calf starter.

Keywords: blood parameters, growth performance, minerals, organic source, suckling calves
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