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Introduction: Diarrhea is the main cause of calf mortality in the first two weeks after birth. Even when

calves recover from diarrhea, they may subsequently show impaired growth. Considering this fact and especially
following the ban of antibiotics in many countries, it is very important to identify effective anti-diarrheal
supplements for use in suckling calves. Zinc is an effective anti-inflammatory and anti-diarrheal substance that
improves the function of the immune system, reduces the number of pathogenic bacteria and increases the
relative abundance of beneficial microbes in the digestive system. It is thought that the mechanisms of anti-
diarrheal effect of zinc element are due to regulation of intestinal fluid transfer and mucosal integrity,
strengthening of immunity and modulation of oxidative stress. The purpose of this experiment is to investigate
the use of different proportions of organic (methionine-zinc) and inorganic (zinc oxide) sources of zinc to
prevent diarrhea, improve the condition of the immune system and performance indicators of suckling calves.

Materials and Methods: A total of 50 suckling Holstein calves were used over 70 days in a completely
randomized design with 5 treatments and 10 replications. The experimental treatments were different proportions
of organic and inorganic zinc supplements, including 1) zinc supplementation, 100% Methionine-zinc 2)
combination of 75% methionine-zinc and 25% zinc oxide, 3) combination of 50% methionine-zinc and 50% zinc
oxide, 4) combination of 25% methionine-zinc and 75% zinc oxide, and 5) 100% zinc oxide. All treatments
received 1.96 mg of zinc supplementation per kilogram of body weight. Zinc supplements mixed with milk were
fed to the calves from day one to day 14, and performance monitoring continued for 70 days. The stool score
was evaluated on a scale of 1 to 4. Diarrhea was defined as the presence of grade 3 or 4 stools for 2 consecutive
days. Data were analyzed in a completely randomized design using the GLM procedure of SAS. For variables
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measured over time (average daily gain, dry matter intake, and feed conversion ratio), time was added to the
model as a repeated factor.

Results and Discussion: The results showed that experimental treatments did not significantly effect the
average daily gain, dry matter intake, and feed conversion ratio of the calves fed with Different ratios of mineral
(zinc oxide) and organic (methionine-zinc) sources of zinc. In addition, the average of fecal consistency score
did not differ significantly among the treatments. The results blood analysis demonstrated that treatment 100%
methionine-zinc had higher level of concentration alkaline phosphatase. However, among the treatments
contained methionine-zinc, a decrease in the ratio of methionine-zinc resulted in a decrease in Alkaline
phosphatase concentration. Higher ratios of zinc oxide caused a significant decrease in the concentration of
superoxide dismutase in the blood on the 14th and 70th day of the experiment. Also, on the 70th day of the test,
the antioxidant capacity of whole blood was significantly higher in treatments containing methionine-zinc than
in treatment %100 zinc oxide. The results showed that other blood parameters were not significantly influenced
by the treatments in this study. In general, production performance did not change in different ratios of organic
and mineral sources, the lack of effect of replacing zinc oxide with methionine-zinc on the performance of the
present calves may be due to the provision of sufficient levels of zinc for all calves. So that the zinc supplement,
taking into account its purity percentage, reached the same amount (1.96 mg of zinc supplement per kilogram of
body weight) in all treatments.

Conclusion: In the present study, overall production performance and blood parameter concentrations did
not change with different ratios of organic and mineral sources. However, the activity of antioxidant enzymes
was higher with higher ratios of the organic supplement (methionine-zinc) compared to the mineral source (zinc
oxide). The lack of positive effect of replacing zinc oxide with methionine-zinc on the performance of the
present calves may be due to the provision of sufficient levels of zinc for all calves. And it can be said that when
a mineral is supplied at a sufficient level, the chemical form and bioavailability of resources are less important
on performance.
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Each kilogram of mineral supplement contains 167 mg of iodine, 67 mg of cobalt, 20,000 mg of zinc, 18,000 mg of manganese, 67
mg of selenium, 7,000 mg of copper.
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(“f’l’{)_%‘ ‘””_ 37.37 37.71 37.42 37.77 3760 0.78 0.98
Initial weight (kg)
(390 % £5) Brae )kl
Starter intake(g/d)
1-14 days 19.67 21.56 25.67 27.22 2233 238 0.17
14-70 days 600.56 654.33 628.44 630.78 620.89 43.19 0.93
1-70 days 484.22 527.78 507.78 510.00 501.22 34.56 0.93
(391 2 p5) P pae St o3le
Dry matter intake(g/d)
1-14 days 679.67 681.55 685.67 687.22 682.33 2.38 0.17
14-70 days 1308.56 1362.33  13336.44  1338.78  1328.89 43.19 0.93
1-70 days 1182.67 1206.22 1206.22 1208.33  1199.56 34.56 0.93
(590 2 p5) 395 (139 ol
Daily gain(g/d)
1-14 days 146.67 147.22 146.22 151.00 14533 2.14 0.40
14-70 days 672.67 655.44 656.33 747.56 638.67 36.07 0.25
1-70 days 528.67 514.78 515.78 587.89 501.89 28.99 0.26
Shgs s cupo
Feed conversion ratio (g DMI/g gain)
1-14 days 4.55 4.78 4.78 4.67 489 0.15 0.59
14-70 days 1.97 2.10 2.10 1.88 213 0.13 0.63
1-70 days 2.27 2.43 2.40 2.15 243 0.15 0.45

PRV AT
1 Zinc-methionine (ZnMET)
2 Zinc oxide (ZnO)

9 ol Cgll ( (bl (So)Lss g 039) Clmle JLinl pulats
So b ySbemg (Wei et al., 2019) cul golawsT (5 e
Ay esl a8 i (ke p) S glag S ol S LS
ol Sasi 258 (193 3)lg Wl oo 9 3950 LPS (1S ]
9323 Gialjal ]y 039) (6 pdidshs g 0dls uals ) 039 o)l sl
9 Sl (Cani et al., 2007) K5-d yoio (! ol 4 o
s lglyd S usly Las (Chang et al., 2020) Ko
392 2 Sy A8t 0aiS Bl ) sladllogS 09,5 13 b SligSg
4o dg (S9) ~Ogsle 0MIS L)Y 09,5 g JyuS 09)5 I yieS” Jsl
bySleSen Jro Mg sl (S (9, w1 JoSo &5 (e
S o oo ) pae 8L S plgisa
Solis Lol il (glacuns 5 JoSo g5 pils Shmghy 5
Ol &8 oo Jla5 4 0,85 bl etlej] sla e o sl xe
Wil igi ol 5 oS jl eolawl Jlade Jsa gl
don 3 ol pogdS oy (58, 1l b 59y JoSe oS gy gby
r2 il 9y JraSe £S5 e V) (golana jlidod; bnjles

g 980 pl o

—omgie) (Al g (59) uST) (Gane plie aliee (slacus
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Jeis P > ~/~a) Sl ol byle o d)l.)uJ.uo Coles ‘JLQ:«"
el pzals el JT 55y JoSo a5 05 (3)155 imgy o (Y
50 gy J(Ma et al., 2020) 30 0 Jg 5l us pgd dtan |
lyady 2y Slos ‘(ZnO) $9) MwST (Slyed oo0 a8 Waly L
ol slaS a3 > Jlawl gond (550 yobods g MiSu 0 dgutg
L g}y (Hu et al,, 2013) s ad o ials' |y onds aid 3
dS] JoSe 4S5 008 Gl (g5 (Sre 9 I mlie (19,8 JoSo
oili8l g (3955 Jol 595 4w > Sl j9pm LialS el g9,
cel g9y —Ogie JoSo 9 35d 0 pyw 3 IGM 410G clale
g5 5 o gl 595 VF 03 Jleewl jo 0 ialS g 2 5 Slhas ]33]
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Table 3- Effects of experimental treatments on stool consistency and the number of days of diarrhea

58 plgs bl (slalos
Stool consistency Experimental treatments
75% ZnMET 50% ZnMET 25% ZnMET
0, 0, -
100% ZnMET 125% 7n0 +50% ZnO  +75% ZnO 100% ZnO SEM P-value
Egbde plgd
Stool consistency
1-14 days 2.60 2.41 2.31 2.30 224 011 0.5
14-70 days 2.38 2.44 2.40 2.31 218 011 0.44
1-70 days 241 2.44 2.38 2.30 219 0.09 0.24
el 4 Mo sl
The number of days of diarrhea
1-14 days 3.44 4.78 4.22 3.22 455 018 0.53
14-70 days 2.78 2.67 3.00 2.55 278 021 098
1-70 days 6.22 7.44 7.22 5.78 7.33 0.20 0.83
$9y~Cgste
9y .\...MS‘ v

1 Zinc-methionine (ZnMET)
2 Zinc oxide (ZnO)

B9y mais iz N3l By ne Ly (Zaboli et al., 2013)
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Table 4- The concentrations of Blood parameters and micronutrients in serum of Holstein dairy calves fed with different ratios of

methionine-zinc and ZnO

sinlol sl

S ol b Experimental treatments
Blood parameters 0 1 75% ZnMet 50% ZnMet 25% ZnMet 0

100% ZnMet +2506 ZnO2 +50% ZnO +75% Zn0O 100% zZnO  SEM  P-value
owesd]
Albumin (g/dl)
First day 3.00 2.83 2.93 2.80 2.53 0.11 0.09
Day 14 2.80 2.47 2.57 2.70 2.83 0.16 0.46
Day 70 3.023 3.17 3.17 3.33 3.37 0.11 0.58
S oS
Total protein (mg/dl)
First day 6.43 6.70 6.53 6.70 6.33 0.20 0.65
Day 14 5.87 5.90 5.90 6.00 5.87 0.10 0.88
Day 70 6.13 5.93 6.00 6.00 5.90 0.11 0.64
OdslS
Globulin (mg/dl)
First day 3.43 3.86 3.60 3.90 3.80 0.20 0.44
Day 14 3.07 3.43 3.33 3.30 3.03 0.19 0.51
Day 70 2.90 2.77 2.83 2.67 2.53 0.15 0.52
ol
Fe (ug/dL)
First day 69.67 67.11 67.00 63. 08 61.67 11.02 0.12
Day 14 123.33 117.33 109.33 119.00 96.67 26.90 0.61
Day 70 159.33 110.33 123.33 98.00 92.33 41.92 0.10
W
Copper (ng/dL)
First day 89.33 103.00 89.00 89.00 89.00 10.51 0.43
Day 14 89.33 89.00 87.33 88.00 87.67 8.28 0.15
Day 70 70.00 75.67 77.33 70.00 70.00 9.59 0.28
g9
Zinc (ug/dL)
First day 224.00 145.33 151.67 264.33 246.33 36.43 0.13
Day 14 166.00 90.00 106.33 103.33 83.33 2474 0.21
Day 70 93.67 81.00 123.33 64.67 101.33 18.10 0.28

595 2081 59y~ prigrta ' (P<0.05) atily oyl ine MBI (glyls S jte 2 g b Lind, o (slaSilie
Means within same row with different superscripts differ (P<0.05).
! Zinc-methionine (ZnMET)
2 Zinc oxide (ZnO)
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Table 5- Zinc-dependent enzymes and antioxidant indicators in the serum of Holstein dairy calves fed with different ratios of
methionine-zinc and ZnO

L;wJLA)" Lth)lo.u

Experimental treatments

b toxiol 100%  75% ZNnMET  50% ZnMET  25% ZnMET ,
Parameters ZOMET: 4250 Zn0?  +50%Zn0  +75%zno  +00%Zn0 SEM P-value
$6land I

Alp (U/L)

First day 601.67 505.67 476.33 543.67 471.33 57.66 0.51
Day 14 684.00° 678.008 617.67% 464.67% 410.33° 68.59 0.05
Day 70 288.33 265.33% 216.67™ 191.67¢ 172.67¢ 21.50 0.02
JS s sl cud b

TAC (uM)

First day 1.96 1.38 1.85 1.60 1.76 0.18 0.28
Day 14 1.76 1.42 1.80 0.88 1.05 0.27 0.14
Day 70 1.842 1.83 1.73%c 1.69% 1.64° 0.04 0.03
SOD (U/ml)

First day 11.27 8.00 10.61 11.21 10.00 0.80 0.20
Day 14 11.70 11.05 10.75 11.46 3.19° 0.64 0.01
Day 70 14.012 14,53 11.76 11.62 10.86° 0.32 0.01
STy a5

GPx (mU/ml)

First day 6.85 7.78 8.26 7.75 7.81 1.43 0.097
Day 14 10.97 11.09 13.07 11.89 12.17 2.01 0.94
Day 70 5.83 6.39 6.11 6.39 8.03 0.47 0.06

95 ST g9y ~cssie | (P<0.05) aisl o I ine M| ()l S o pi Bgp b i) b (slouSilo
Means within same row with different superscripts differ (P<0.05).
1 Zinc-methionine (ZnMET)
2 Zinc oxide (ZnO)
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