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Table 1. The experimental treatments involving different levels and chemical forms of Zn
supplement in calves diet.

**NRC oy ol 9 *NRC oy gl s Lg))claﬁ
Twice NRC recommendation™ Equal to NRC recommendation” Zn level
LS| STt LS| L s
S5 AeSI 5L S35 hasa S35 e 6; Jih” il |
Nano-ZnO Zn methionine &2 &2 Zn methionine 2 h chemica

Zno Nano-ZnO Zno form
o St ole 0 SIS 55 0 S Ao AL = (555 e Olin T o S e3le p S SkS 53 S e £) = (55, e Olge”
* Zn = 41 mg/kg diet DM; ™ Zn = 84 mg/kg diet DM.
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Table 2. Feed ingredients, and energy and protein contents of the starter.

Feed ingredients (% of DM) (it o3l 1o 53) (S5 PO
1.42  Cacarbonate S Sl S 2456  Soybean meal Ly dlls
0.33  Di-Ca phosphate Slensd 0nlS (6o 39.8 Corn <3
0.2  Salt Sl 185 Barley e
0.55  Mineral premix e JoSe 3.2 Corn gluten meal 53 kS s
1.5  Vitamin Premix el JoSe 3.24  Wheat bran S o s
0.6 Na bicarbonate Rt SR 32 Fat ST 0
1 Toxin binder Al S 5 1.9  Molasses e
Energy and protein contents 5 S5 g

Metabolizable energy

314 Mcalikg DM) et JE
19.8  Crude protein (% of DM) Pl s
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Table 3. Effect of level and chemical form of Zn on the concentration of total globulin and immunoglobulins
M and A (g/L) in the blood serum of calves.

NRC i, 5

NRC i,

P-value Zn level
SEM Twice NRC Equal to NRC
ZnFxZnl  ZnF  ZnL NZnO ZnMet ZnO NZnO znMet zno 4" igfm'ca'
29 days of age ST
0.80 0.75 088 145 33 30.1 33.6 30.9 324 31.2 Globulin
0.52 0.31 0.63 0.211 1.71 2 2.15 1.76 2.08 1.81 IgM
0.88 0.96 054 0.072 0.623 0.608 0.647 0.643 0.679 0.651 IgA
66 days of age S
0.84 0.28 0.63 148 31.9 33.7 33.8 28.7 29.7 31.8 Globulin
0.51 0.59 0.73  0.245 2.57 2.85 2.95 2.80 2.51 2.86 IgM
0.81 0.93 0.88 0.140 1.09 1.14 1.08 1.10 1.07 1.21 IgA
100 days of age Soss Ve
0.65 0.55 0.76 1.27 31 311 30.1 33.1 30 304 Globulin
0.75 0.89 0.22 0.135 2.58 2.60 2.74 2.78 2.79 2.75 IgM
0.67 0.68 0.98 0.097 0.980 0.877 0.943 0.892 0.911 1 IgA
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Table 4. Effect of level and chemical form of Zn on urinary total purine derivatives (TPD) and microbial N
synthesis in calves.

NRC .| NRC |
P-value R 7 Zn level
SEM Twice NRC Equal to NRC
ZnFxznl  ZnF ZnL NZnO ZnMet ZnO NZnO  znMet zno 2" ‘]igfr':]"ca'
Days 64-68 WEE s,
0.76 088 085 027 665 621 643 675 686  6.29 Allantoin
0.93 090 093 011 140 154 143 143 124 146 Uric acid
0.90 082 080 365 274 268 270 302 264 270 ATPD
0.97 084 086 318 341 331 334 354 327 338 ETPD
0.90 082 080 265 199 195 196 219 192 196 MNS
Days 94-98 QAL AE 5.,
0.95 085 090 034 932 980 102 941 955 100  Allantoin
0.82 088 092 018 285 265 2.96 270 283 261 Uric acid
0.97 097 094 559 689 735 716 696 695 728 ATPD
0.98 096 088 420 716 750 737 709 717 741 ETPD
0.97 094 097 143 501 534 521 506 505 52.9 MNS

Js ATPD «mmol/L) 5l Al Uric acid «mmol/L) -5 =¥i Allantoin «s s, 45156 NZNO <55, o sze ZNMet
aSls 3 o5 S 035,50 Ay MNS (mmol/d) sdiads oy oliie S ETPD (mmol/d) eaids oy p Slinia
(30 et (S STZNF 155, e S ZNL e Kls 3 lkul oLzl SEM «(g/d)
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Table 5. Effect of level and chemical form of Zn on the blood N compounds and glucose concentrations in

calves.
NRC I NRC I
P-value A2 s Zn level
SEM Twice NRC Equal to NRC
ZnFxZnL ZnF ZnL NZnO ZnMet ZnO NZnO ZnMet ZnO Zn chemical form
Total protein
(g/dL)
;5;) Y4
0.72 0.89 0.89 0.440 6.70 6.49 6.95 6.50 6.82 6.60
29 d of age
S
0.81 0.59 0.10 0.222 6.96 7.02 7.00 6.73 6.79 6.90
66 d of age
Sigy Voo
0.45 076 080 023 666 685 657 700 662 6.77 35
100 d of age
Albumin(g/dL)
ST
0.86 0.69 092 0.179 3.42 3.48 3.59 3.41 3.58 3.48
29 d of age
S
0.97 0.55 0.31 0.176 3.77 3.65 3.62 3.85 3.82 3.72
66 d of age
Sigy Voo
0.55 092 048 0153 356 374 356 369 362 376 35
100 d of age
Urea-N (mg/dL)
ST
0.79 091 081 3.42 15.3 15.0 16.2 15.1 17.3 14.8
29 d of age
S
0.72 0.64 066 243 14.7 13.0 125 14.9 12.3 15.7
66 d of age
i an
0.81 0.66 0.67 250 15.6 13.1 15.8 12.9 135 15.3 S
100 d of age
Creatinine (mg/dL)
u—f)'j) Y4
0.98 0.39 0.69 0.153 1.24 1.02 1.25 1.15 1.00 1.20
29 d of age
S
0.68 0.87 075 0.093 0.716 0.818 0.734 0.749 0.724 0.731
66 d of age
€ Nen
0.67 046 015 0.157 112 142  1.38 1.09 116 111 S35
100 d of age
Glucose (mg/dL)
;jﬁ) Y4
0.55 098 0.76 6.23 88.1 83.4 89.3 82.3 89.3 83.7
29 d of age
S
0.55 098 090 7.83 82.0 75.0 79.2 76.2 81.9 75.2
66 d of age
T
0.87 093 069 7.80 77.8 78.5 77.2 78.9 72.3 75.5 &3
100 d of age

S5 &L:a.:& Jg.& _/,.»\ ZnF HEX D) C}a,w JJ| ZnL ‘Lﬁ:u.;i.vl.:a :)\.L'L';w\ AL.J.;:‘ SEM HEX D) .L_.WS\)JL NZnO HEX D) u:‘}:'""’ ZnMet
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Abstract
Background and objectives: Zinc has a role in many cases such as rumen microbial activity,
immunity, and blood metabolites. But, there is no sufficient information on the effect of nano
and organic Zn supplements on microbial protein synthesis and immunity variables in Holstein
calves. Thus, this study was conducted to assess the effect of using nano-ZnO and Zn-
methionine instead of ZnO (equal to or twice NRC 2001-recommended level) on urinary purine
derivatives, microbial protein, immunoglobulins and nitrogenous compounds of the blood in
pre- and post-weaning calves.

Materials and methods: Sixty suckling Holstein calves were assigned into one of the six
experimental groups (10 replications) in a completely randomized design. The experimental
treatments were the diets containing: 1- ZnO equal to NRC recommendation, 2- Zn-methionine
equal to NRC recommendation, 3- nano-ZnO equal to NRC recommendation, 4- ZnO twice
NRC recommendation, 5- Zn-methionine twice NRC recommendation, and 6- nano-ZnO twice
NRC recommendation. During 7 to 30 days of age, the calves were fed with milk and starter
concentrate according to the above treatments. From days 31 to 70, milk and mixed alfalfa-
starter (at the ratio of 10:90) were provided for the calves. Weaning was done at 70 days of age
and during post-weaning period (71 to 100 days of age), the calves were freely fed with
experimental diets (alfalfa and starter concentrate at the ratio of 20:80). During pre- and post-
weaning periods, the urinary purine derivatives, microbial N synthesis, total globulin, IgM, 1gG,
total protein, aloumin, urea-N, creatinine and glucose of the blood were determined. Data were
analyzed in a factorial experiment (3 x 2) using PROC MIXED of SAS (2001).

Results: Urinary purine derivatives and microbial N synthesis were not affected by replacing
ZnO with nano-ZnO and Zn-methionine during pre- and post-weaning periods. Zinc chemical
form had no significant effect on the blood concentrations of total globulin, IgM and IgA. Total
protein, albumin, urea-N, creatinine and glucose in the blood of the calves fed with inorganic,
nano or organic Zn supplements were the same. Moreover, increasing Zn level in the diet had no
effect on urinary purine derivatives, microbial N synthesis, total globulin, IgM, IgA, total
protein, urea-N, creatinine and glucose.

Conclusion: Using nano-ZnO and Zn-methionine instead of ZnO and also the increasing dietary

Zn level had no effect on microbial protein synthesis, IgM, IgA, nitrogenous compounds and
glucose in the blood of the calves. Thus, feeding the conventional inorganic Zn source (ZnO) at

Keywords: Calves, Zn-methionine, Nano-ZnO, Immunity, Microbial protein.
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