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Introduction: However, since milk is widely consumed early in life, it is considered an ideal
food for increasing vitamin D intake. Therefore, vitamin D3 emulsion can be mixed into the milk
consumed by suckling calves, and in the emulsification method, fats become viscous and improve
digestive absorption. On the other hand, the use of vitamin Dz emulsion does not require skilled
workers and does not cause stress in calves. Therefore, based on the above, it can be said that the
use of vitamin D3 emulsion is preferable to the injection and oral methods.The aim of this study
was to investigate the effects of different sources of vitamin D3 on growth performance, blood
metabolites and liver enzymes of suckling Holstein calves.

Materials and Methods: Forty Holstein calves with a mean age of 30+2 days and a weight of
59+1 kg were selected in a completely randomized design with 5 treatments and 8 replications.
Treatments included: 1) Control group (basal diet): receiving commercial basal diet without
additional vitamin D3, 2) Commercial basal diet + daily intake of 1000 IU of vitamin D3
supplement orally, 3) Commercial basal diet + daily intake of 1000 IU of vitamin D3 supplement
in injectable form, 4) Commercial basal diet + daily intake of 1000 IU of vitamin D3 supplement
in emulsion type I, 5) Commercial basal diet + daily intake of 1000 IU of vitamin D3 supplement
in emulsion type 1l, mixed with milk per day. For in vitro production of fat-soluble vitamin D3
(cholecalciferol) emulsion, a method described by Asghari et al. (Asghari et al., 2021) with minor
modifications was used. High-dose ampoules (300,000 1U/mL; manufactured by Darupakhsh
Pharmaceutical Factory, Iran) were used as the source of vitamin Ds. After data collection,
statistical analysis was performed using software (SAS, 2003). Repeated data including calf
growth performance were analyzed using Mixed procedure and blood parameters data were
analyzed using GLM. LSMEANS method was used to compare means and 5% probability level
was considered as significant level.

Results and discussion: The results obtained regarding growth performance indicate that the
weight of calves, daily weight gain, feed intake and feed conversion ratio of suckling calves were
affected by the addition of different sources of vitamin Ds. Thus, the daily weight gain and feed
conversion ratio were significantly improved by adding 1000 IU of vitamin Dz emulsion type Il
source in suckling calves in the first, second, third and entire research period (0-7, 7-14, 14-21 and
0-21 days of the experiment) and also by injecting 1000 U of vitamin D3 per day in the second,
third and entire period (7-14, 14-21 and 0-21 days of the experiment), in a linear and quadratic
manner compared to the other experimental treatments. The weight of calves also showed a
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significant increase in a linear manner in the second week (7-14 days of the experiment) and also
in a linear and quadratic manner compared to the other treatments by using 1000 IU of vitamin D3
in the form of injection and type 1l emulsion in the second week (7-14 days of the experiment) and
in the third week (14-21 days of the experiment). The results related to feed intake also showed
that in the first week of the experiment (0-7 days of age), adding 1000 international units of vitamin
Dz emulsion type | and Il per day, and in the second, third and entire period (7-14, 14-21 and 0-21
days of age), using 1000 international units of vitamin D3 per day by injection and emulsion type
I and 11 showed a significant increase compared to the other treatments. Of course, this significance
was linear in the first and second weeks and linear and quadratic in the third week and the entire
period. The results obtained from blood metabolites and liver enzymes also indicate that the use
of different sources of vitamin D3 could not have a significant effect on the plasma concentrations
of glucose, cholesterol, triglycerides, aloumin and protein. In contrast, the blood concentration of
aspartate aminotransferase using 1000 IU of vitamin D3 in the form of injection and emulsion type
| and Il per day and the serum concentration of alanine aminotransferase also showed a significant
linear decrease compared to other experimental groups with the addition of 1000 IU of vitamin D3
emulsion type Il per day (P<0.05). Also, treatments 3, 4 and 5 (treatments receiving 1000 IU of
vitamin Dz in the form of injection, emulsion type | and Il per day) increased the plasma
concentration of vitamin D3, calcium and phosphate in a linear and quadratic manner significantly
compared to the other treatments.

Conclusion: In general, adding excess vitamin D3 to commercial diets, depending on the form
of consumption and the calf's growth stage, can be effective in improving the metabolic status and
general health of suckling calves by improving growth performance, increasing vitamin D status,
improving calcium and phosphorus status, and adjusting some biochemical indicators.

Keywords: Blood metabolites, Growth performance, Liver enzymes, Suckling calves, Vitamin
Ds.
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Table 1. The emulsified vitamin D3 characteristics?
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Droplet size (nm)® Z-average (nm) Zeta potential® (mV) Stability (%)
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aSamples: dilution 1:1000.
b Measured by dynamic light scattering technique.
“The zeta potential was measured using the electrophoretic light scattering (ELS) technique.
4 measured as the percentage of creaming layer formed after two months.
SD: standard deviation
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Table 2 - Ingredients and chemical composition of starter diets for suckling Holstein calves®
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Sy Ml Exprimental treatments
Feed ingredients (4 op) J55 095 P9 Jlos o o plee sloss v slesd

Basal Diets Treatment 2 Treatment 3 Treatment 4 Treatment 5
&) dl 415 415 415 415 415
corn grain
5 b 12 12 12 12 12
barley grain
pAS guw 5 5 5 5 5
Wheat bran
by oS’ 38.6 38.6 38.6 38.6 38.6
Soybean meal
Sl 0.4 0.4 0.4 0.4 0.4
Salt
liyS o o 0.5 0.5 0.5 0.5 0.5
Sodium bicarbonate
RETWA 1 1 1 1 1
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Vitamin supplement®
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Mineral supplement?

Egome 100 100 100 100 100
Sum
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Chemical composition of basal diets

(£) Sazs oslo 91.0 91.0 91.0 91.0 91.0
Dry matter (%)

AT 21.8 21.8 21.8 21.8 21.8
Crude protein (%)

(%) s oylac 27.8 27.8 27.8 27.8 27.8
Ether extract (%)

(1) (5 odiagd > Joloeal LI 15.7 15.7 15.7 15.7 15.7
ADF (%)

() (ol odinged y> Jglonls LI 7.7 7.7 7.7 7.7 7.7

NDF (%)

(/) S 5.7 5.7 5.7 5.7 5.7

Calsium (%)

(%) yousd 29 29 2.9 2.9 2.9

Phosphorus (%)

(IU/kg) D3 peelisg 600 1600 1600 1600 1600

D3 Vitamins (1U/kg)
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Expermental treatments included: 1? Control group (basal diet): receiving commercial basal diet without additional vitamin
D3, 2) Commercial basal diet + daily intake of 1000 U of vitamin D3 supplement orally, 3) Commercial basal diet + daily
intake of 1000 IU of vitamin D3 supplement in injectable form, 4) Commercial basal diet + daily intake of 1000 IU of vitamin
D3 supplement in emulsion type I, 5? Commercial basal diet + daily intake of 1000 IU of vitamin D3 supplement in emulsion
type II.
YVitamin supplement composition: Vitamin A, 500,000 1U/kg; Vitamin E, 100 mg/kg; Vitamin D3 100,000 1U/kg;
2 Mineral su(%)lement composition: Calcium 195,000 mg; Phosphorus 900,000 mg; Magnesium 90,000 mg; Sodium 55,000
mg; Zinc 3,000 mg; Iron 300 mg; Manganese 2,000 mg; Copper 280 mg; Cobalt 100 mg; Selenium 1 mg; Antioxidant 400
mg.
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Table 3- Effects of different forms of supplemental vitamin D3 in a basal diet on growth performance of suckling Holstein calves

JAS 098 P93 o Py Josd ez sl oy los SEM! P-value?
(0L o) Treatment Treatment Treatment Treatment M N o)
Basal Diets 2 3 4 5

adgl o3 59.00 58.98 59.08 58.98 58.98 0.763 1.000 0.994 0.961
Initial weight
Sier Y Oss 62.93 63.53 64.00 64.13 64.40 0.768 0.225 0.254 0.761
Weight 0-7 days
Si9 YOF Lo 67.55° 68.43° 70.782 69.75% 70.88? 0.729  0.009 0.015 0.212
Weight 7-14 days
S50y VYV 039 72.43° 74.00%° 77.132 75.63% 77.052 0.715 0.005 0.001 0.048
Weight 14-21 days
S Y alisy e il pSile 0.56¢ 0.65¢ 0.70¢ 0.74° 0.782 0.007 0.001 0.001 0.009
ADG? 0-7 days
SS90 YIF &lisy 59 iel5dl oSl 0.66° 0.70¢ 0.972 0.80° 0.9252 0.017 0.001 0.001 0.001
ADG 7-14 days
SSion VY &liay 59 ialidl Sl 0.66° 0.70¢ 0.972 0.80° 0.9252 0.017 0.001 0.001 0.001
ADG
SS9 =YY &liay e il pSile 0.63¢ 0.67¢ 0.882 0.78° 0.8752 0.009 0.001 0.001 0.001
ADG 0-21 days

0.77° 0.80% 0.80% 0.82% 0.83% 0.013 0.009 0.015 0.886
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Feed intake 0-7 days

i YV Sl Gyan 0.91° 0.93° 1.042 1.012 1.022 0.011 0.001 0.001 0.780
Feed intake 7-14 days

iy WYY SThes Gyns 1.14¢ 1.232 1.342 1.322 1.3452 0.025 0.001 0.001 0.044
Feed intake 14-21 days

Lhyas Shygs IS 0.94¢ 0.98° 1.052 1.052 1.06° 0.009 0.001 0.001 0.015
Feed intake 0-21 days

Sin Y 2l b cuye 1.37¢ 1.23¢ 1.13° 1.11% 1.0712 0.017 0.001 0.001 0.003
FCR* 0-7 days

i VI Gl s 1.38° 1.32%¢ 1.072 1.26° 1.10° 0.023 0.001 0.001 0.001
FCR 0-7 days

i VY ol b cuys 1.72° 1.75P 1.39° 1.652 1.462 0.039  0.003 0.005 0.012
FCR 0-7 days

iy VY 2l s s 1.49¢ 1.43° 1.19° 1.342 1.212 0.017 0.001 0.001 0.001

FCR 0-21 days
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Expermental treatments included: 1) Control group (basal diet): receiving commercial basal diet without additional vitamin D3, 2)
Commercial basal diet + daily intake of 1000 IU of vitamin D3 supplement orally, 3) Commercial basal diet + daily intake of 1000 IU of
vitamin D3 supplement in injectable form, 4) Commercial basal diet + daily intake of 1000 IU of vitamin D3 supplement in emulsion type
I, 5) Commercial basal diet + daily intake of 1000 IU of vitamin D3 supplement in emulsion type II.
3¢ Different letters in rows indicate significance at the (P<0.05) level.
1 SEM = Standard error of mean; 2 M = Main effect of vitamin D3 emulsion. L = Linear effect of vitamin D3, Q = Quadratic effect of
vitamin D3; ® ADG =Average daily weight gain ; * FCR - Feed conversion ratio
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Table 4 Effects of different forms of supplemental vitamin D3 in a basal diet on blood metabolites and liver enzymes of sucking Holstein

calves

L(J:f:”)s P93 sl Py slosd ol sl o )less P-value?

%% Treatment Treatment Treatment Treatment SEM?

Basal 2 3 4 5

Diets M L Q
$o
Glucose 115.25 118.00 131.25 112.00 130.00 8.938 0.461 0.931 0.237
Ja s
Cholesterol 148.00 155.00 152.75 162.75 162.75 16.928 0.594 0.587 0.930
L ypundS 6
Triglycerides 32.25 46.75 44,75 30.50 43.25 7.769 0.319 0.839 0.088
il gzl b o]
Aspartate Aminotransferase 60.25° 56.00% 51.752 51.752 51.002 2.402 0.012 0.014 0.390
iyl ginal ¥
Alanine Aminotransferase 17.00¢ 14.50b¢ 12.00% 12.75% 11.758 0.842 0.004 0.001 0.072
ol
Calcium 9.03¢ 9.65° 10.762 10.532 10.73¢ 0.134 0.001 0.001 0.005
Olawd
Phosphate 7.63¢ 8.28b 9.332 9.252 9.332 0.120 0.001 0.001 0.009
Oesd]
Albumin 3.26 3.35 3.38 3.18 3.15 0.118 0.926 0.611 0.264



Protein 6.95 7.15 7.23 7.43 7.53 0.203 0.113 0.119 1.000

D3 (el

Vitamin D3 7.93¢ 11.39° 14.402 14.102 14,522 0.294 0.001 0.001 0.001
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Expermental treatments included: 1) Control group (basal diet): receiving commercial basal diet without additional vitamin D3, 2) Commercial
basal diet + daily intake of 1000 U of vitamin D3 supplement orally, 3) Commercial basal diet + daily intake of 1000 IU of vitamin D3
supplement in injectable form, 4) Commercial basal diet + daily intake of 1000 IU of vitamin D3 supplement in emulsion type I, 5) Commercial
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