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Background and Objectives: Suckling calves are exposed to
different stressors such as birth, pathological factors, and
environmental factor stress which cause an increase in reactive
oxygen species (ROS) production and oxidative stress. Trace
minerals are a part of some antioxidant enzymes, which are
necessary for health maintenance. Trace mineral amount of
colostrum and milk is not optimal, and dietary inclusion of trace
mineral supplements is necessary for suckling calves. Therefore, the
aim of this study was to evaluate the inclusion of a mixed
supplement of trace minerals, including copper, iron, zinc, and
manganese, on growth performance, biochemical, enzymatic,
antioxidant, hormonal, and hematological parameters.

Materials and Methods: A total of 20 days-old male and female
suckling Holstein calves were randomly divided into two equal
groups (ten calves per group) based on initial body weight (40+5
Kg), and until weaning (day 63), they were kept in individual pens.
The control group of calves was fed milk and a starter diet including
whey protein as a trace mineral career, and the treatment group was
fed milk including 15 part per million (ppm) iron sulfate (FeSo4), 6
ppm zinc sulfate (ZnSo4), 6 ppm manganese sulfate (MnSo4), and
1.5 ppm copper sulfate (CuSo4) supplements, and basal starter diet
including 100 ppm FeSo4, 40 ppm ZnSo4, 40 ppm MnSo4, and 10
ppm Cuso4 supplement until weaning on day 63. During the entire
experimental period, calves had access to a starter diet and water ad
libitum. Feed intake was calculated daily, and calves were weighed
weekly to calculate the feed conversion ratio (FCR) and average
daily gain. Blood samples were collected on days 0, 21, 42, and 63
to determine the plasma trace mineral levels and biochemical,
enzymatic, hormonal, antioxidant, and hematological parameters.

Results: The results indicated that growth performance, catalase and
superoxide dismutase activity, total antioxidant capacity, and
thyroxine (T4) concentration were not affected by trace mineral
supplements. Although plasma zinc concentration and high-density
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lipoprotein concentration were recorded higher in animals that
received supplemented trace minerals (P<0/05), low-density
lipoproteins concentration was lower in the calves fed with trace
mineral supplement (P<0/05). In addition to the parameters listed
above, alkaline phosphatase concentration, red blood cells count,
hemoglobin  and  hematocrit, and triiodothyronine  (T3)
concentrations were significantly increased in the calves that
received trace minerals supplement (P<0.05).

Conclusion: In general, supplemental trace minerals could not
improve the growth performance and enzymatic antioxidant activity
of suckling Holstein's calves; however, some of the biochemical,
hormonal, and enzymatic parameters related to the inflammation,
ossification, and cellular basal metabolism were improved in
suckling calves.
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Table 1- Ingredients of basal starter feed (based on dry matter %)

Loy ‘I’l
percent Ingredients
oyl als
43.7 .
Corn grain
L g S
30.0 T
Soybean meal
15.0 b
Barley grain
10 3 S dles
Corn gluten meal
b dlbes
2.0 o
Fish meal
Wheat bran
20 b 3 J g
Full fat soy
05 S
Salt
1.0 prbe S
Sodium bicarbonate
05 . uw P.:.,.JSés
Dicalcium phosphate
ol
05 (»«15 S
Calcium carbonate
03 e 3lse bl iy
' Mineral premix
Vitamin premix
S osle 53 Aoy bt olS 5
Percent in dry matter Chemical composition
;i.i;‘- osle
88.63
Dry matter
310 (¢ S 58 52 G JSKS) d plia L6 (5551
' Metabolizable energy (Mcal/kg)
22.00 o o
Crude protein
2929 S ey g 53 gl b
NDF
1162 Sl 0y 5 5 Jslome b
ADF
5o las
3.85 Srle
Ether Extract
LS
7.29 A
Ash

Yoo s gl o S L VY S 08 o Ve e 0 S e Y0 (s p S ke VA 5 p S L YO ols Stee slge bl 1
el p SAS a5 e S ke

Mineral premix contained per Kg: 13500 mg manganese, 18000 mg zinc, 4500 mg copper, 100 mg cobalt, 72 mg selenium, 200 mg

iodine.

2 »E el Ml asl5 000 5D3 alu s Ml dxly YOreer A bty Moo dsls Verveen Jols el s bl iy ¥

Vitamin premix contained per Kg: 1000000 IU Vitamin A, 250000 IU Vitamin D3, 5000 IU Vitamin E.
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Table 2- Means of body weight, average daily gain, average daily feed intake and conversion ratio in Holstein
suckling calves

5 (%
P-value SEM e "M\A -
Trace Mineral Control
EEES
41.13 41.08 (055 05 035
Birth Weight (Kg)
0.21 1.29 77.78 79.43 f"; ») 00
Final Weight (Kg)
Y 595 O3 ol 5l
0.36 0.02 0.58 0.61 (0550 iy 030
Average Daily Gain (Kg)
$ 159, Sy et S Sle
0.07 0.03 1.03 1.10 (540 o0 St e L
Average Daily Feed Intake (KQg)
Sy ¢ 3o 8
0. 89 0.12 2.05 2.03 07 e e

Feed Conversion Ratio

*Trace Mineral group calves were fed milk including 15 part per million (ppm) iron sulfate (FeSo4), 6 ppm zinc
sulfate (ZnSo4), 6 ppm manganese sulfate (MnSo4) and 1.5 ppm copper sulfate (CuSo4) supplement and basal starter
diet including 100 ppm FeSo4, 40 ppm ZnSo4, 40 ppm MnSo4 and 10 ppm Cuso4 supplement until weaning on day
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Table 3- Means of plasma Copper, Iron, Zinc and Manganese concentration (ppm) in Holstein suckling calves

. = G
P-value SEM f*”%w EW
Trace Mineral Control
0.15 0.21 127.97 127.50 (O 3ken 53 Cacd) e
Copper (ppm)
Osabee 53 Caand) oyl
0.38 10.96 138.92 124.20 (O3ekn 35 Coa3) o
Iron (ppm)
0.008 311 96.69° 82.79" (Osr 23 ) 525
Zinc (ppm)
0.78 0.12 1.24 1.19 (Osedes 53 Cand) 38
Manganese (ppm)

ol (P<4/00) I3 e Dl oy GLES s, e s alie 8 J}Fa-b

b different superscripts show a significant difference at (p< 0.05).

*Trace Mineral group calves were fed milk including 15 part per million (ppm) iron sulfate (FeSo4), 6 ppm zinc
sulfate (ZnSo4), 6 ppm manganese sulfate (MnSo4) and 1.5 ppm copper sulfate (CuSo4) supplement and basal starter
diet including 100 ppm FeSo4, 40 ppm ZnSo4, 40 ppm MnSo4 and 10 ppm Cuso4 supplement until weaning on day
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Table 4- means of plasma biochemical parameters in Holstein suckling calves

P-value SEM - Jﬂgﬁ =
Trace Mineral Control
; $) payl
0.08 0.08 3.66 3.42 (e 2 05 ~”~”l"J
Albumin (g dI™)
0.43 231 96.43 98.96 (Ao 2 5 ke) 555
Glucose (mg dI™)
0.43 231 8.63 8.73 L danke) 5 oo
Total Protein (mmol )
=~ g ISy
0.35 0.78 25.99 27.10 (A 2 V;JL”Z o
Urea (mg dI™)
= > Y S ol e
0.13 0.03 0.33 0.42 Vot 2 1) S5 sy
Direct Bilirubin (mg dI™)
0.64 0.07 0.94 0.99 (Ao 1 150k ¥ s e
Total Bilirubin (mg dI™)
0.24 0.01 0.24 0.22 (Ao 2 020 o 67
Triglyceride (g dI™)
0.15 0.12 1.36 1.65 (A 2 dre) J’f”*f
Cholesterol (mmol I7)
- el S b s
0.04 0.11 1.13° 1.51° (A d"f*") o o '“"’*’*j
Low Density Lipoprotein (mmol 1)
2 s L s
0.03 0.06 1.93° 1.71° (A 2 o) Ve s e 0

High Density Lipoprotein (mmol 1)
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b Different superscripts show a significant difference at (p< 0.05).

*Trace Mineral group calves were fed milk including 15 part per million (ppm) iron sulfate (FeSo4), 6 ppm zinc sulfate
(ZnSo4), 6 ppm manganese sulfate (MnSo4) and 1.5 ppm copper sulfate (CuSo4) supplement and basal starter diet
including 100 ppm FeSo4, 40 ppm ZnSo4, 40 ppm MnSo4 and 10 ppm Cuso4 supplement until weaning on day 63.
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Table 5- means of plasma enzyme concentration in Holstein suckling calves

. p G
P-value SEM e J""“‘ e
Trace Mineral Control
(= 15) 5blws - JIT
0.02 58.19 1019.65% 799.58° IJ’H o = 1
Alkaline Phosphatase (U I™*)
: 15) 33 sy
0.19 29.27 864.98 807.16 G 2 d-15) 56555000 1
Lactate Dehydrogenase (U I™)
- 15) 51yl 3 ginel ULl
0.15 2.70 59.21 52.64 (A » 2= Al sl SO 1
Aspartate Aminotransferase (U I™)
. 1g) 3l el 5 el - oNT
0.07 0.69 24.75 2222 G g dods) Sl 5 el

Alanine Aminotransferase (U I')
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*b Different superscripts show a significant difference at (p< 0.05).

*Trace Mineral group calves were fed milk including 15 part per million (ppm) iron sulfate (FeSo4), 6 ppm zinc
sulfate (ZnSo4), 6 ppm manganese sulfate (MnSo4) and 1.5 ppm copper sulfate (CuSo4) supplement and basal starter
diet including 100 ppm FeSo4, 40 ppm ZnSo4, 40 ppm MnSo4 and 10 ppm Cuso4 supplement until weaning on day

63.
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Table 6- means of plasma antioxidant status in Holstein suckling calves

) > G
P-value SEM e ] =
Trace Mineral Control
=J 25 HRE WY
0.64 0.03 0.28 0.26 (Ao 222 J’f’“l) -
Catalase (nmol min™ ml™)
=J 1) 35U LS
0.31 3.38 257.68 263.93 (ke f;”"”_’ RGN
Superoxide Dismutase (Uml™)
- ) o SlasSt s b
0.78 0.07 1.99 1.96 (Al 2 5220 6 s 2

Total Antioxidant Capacity (nmol ml™)

*Trace Mineral group calves were fed milk including 15 part per million (ppm) iron sulfate (FeSo4), 6 ppm zinc
sulfate (ZnSo4), 6 ppm manganese sulfate (MnSo4) and 1.5 ppm copper sulfate (CuSo4) supplement and basal starter
diet including 100 ppm FeSo4, 40 ppm ZnSo4, 40 ppm MnSo4 and 10 ppm Cuso4 supplement until weaning on day

63.
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Table 7- means of hematological parameters in Holstein suckling calves

P-value SEM Hne JoS >
Trace Mineral Control
0.02 0.22 9.03° 8.19" (ke 211D 525 Slad 8
' Red Blood Cells (102 I')
0.01 0.25 12.21° 10.89° (s 2 05) oS o
Hemoglobin Count (g dI™)
0.01 0.50 42.22° 36.20" (o) 2 5
Hematocrit (%)
. R . N z
0.5 0.33 8.90 9.20 (s 1) ke St dS
White Blood Cells (10° ml™)
- \.“ -
0.72 189 206.77 205.80 (ke 21 <3
Platelet (10° mI™)
S e cladias
0.44 0.65 31.02 31.92 (4o33) 555 (sl g
Packed Cell Volume (%)
0.01 0.34 69.607 64.65° (hos®) J‘"f”"’“'
Neutrophil (%)
0.40 0.04 0.65 0.59 (ho2) it
Monocyte (%)
3 540 el
0.18 0.02 0.53 0.48 (heo2) a5
Eosinophil (%)
5030
0.02 0.03 0.50° 0.38" (heo2) Jact

Basophil (%)

ol (P< /20) Sls pma M sias DL sy e s alis e Q}j}a-b

b Different superscripts show a significant difference at (p< 0.05).

*Trace Mineral group calves were fed milk including 15 part per million (ppm) iron sulfate (FeSo4), 6 ppm zinc sulfate
(ZnSo4), 6 ppm manganese sulfate (MnSo4) and 1.5 ppm copper sulfate (CuSo4) supplement and basal starter diet
including 100 ppm FeSo4, 40 ppm ZnSo4, 40 ppm MnSo4 and 10 ppm Cuso4 supplement until weaning on day 63.
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Table 8- means of plasma thyroid hormones concentration in Holstein suckling calves

; L
P-value SEM - J& -
Trace Mineral Control
- ' HH Lo G -
0.01 0.08 2.47° 2.04° (Ao 1 (550 Lanbohss
Triiodothyronine (ng ml™)
- e 6) - -
0.68 0.18 10.02 10.13 (e 2 £520) L0

Thyroxine (ng ml™)
ol (P 4/00) Jls e 9] sns OLE sy o 55 alin s iy~ 0

b Different superscripts show a significant difference at (p< 0.05).

*Trace Mineral group calves were fed milk including 15 part per million (ppm) iron sulfate (FeSo4), 6 ppm zinc
sulfate (ZnSo4), 6 ppm manganese sulfate (MnSo4) and 1.5 ppm copper sulfate (CuSo4) supplement and basal starter
diet including 100 ppm FeSo4, 40 ppm ZnSo4, 40 ppm MnSo4 and 10 ppm Cuso4 supplement until weaning on day
63.
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