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Table 1- Feed ingredient and chemical composition of close-up, fresh and early lacataion diets

Diet

Close-up Fresh IEarly lactation
Feed ingredient (% of DM)
Alfalfa hay 11.92 13.61 10.60
Corn silage 62.72 54.16 54.01
Barley straw 1.91 0.80 0.60
Barley grain 1.92 3.10 3.40
Corn grain 11.00 14.32 15.87
Wheat bran 3.00 0.90 1.00
Canola meal 2.00 2.21 2.40
Soybean meal 2.53 6.80 7.62
Meat meal 0 0.90 1.00
Fat supplement? 0 0.90 1.00
Calcium carbonate 0.40 0.90 1.00
Salt 0 0.20 0.20
Sodium bicarbonate 0.40 0.90 1.00
Minerals-vitamin premix? 2.20 0.30 0.30
Chemical composition (% of DM)
DM 54.2 51.4 51.9
CP 14.6 17.7 17.8
EE 3.1 4.1 55
NFC 34.2 37.1 37.1
NDF 38.3 325 32.0
Ash 9.8 8.5 7.6
Ca 1.2 0.8 0.9
P 0.4 0.4 0.4
Mg 0.4 0.3 0.3
K 1.0 11 1.1
Se (mg/kg DM) 0.4 0.4 0.4
Fe (mg/kg DM) 185 155 159
Zn (mg/kg DM) 59 88 87
Cu (mg/kg DM) 15 18 19
Mn (mg/kg DM) 45 56 58
NEL (Mcal/kg DM) 1.6 1.7 1.7

ICalcium salt of fatty acids.

2The mineral and vitamin premix contained (1 kg premix): 140 g Ca, 20g P, 35g Mg, 40 g Cr, 40 g S, 1200 mg Mn, 1000 mg Zn,
800 mg Cu, 8 mg Co, 10 mg lodine, 400 mg Fe, 15 mg Se, 20000 mg vitamin NA, 350000 IU vitamin A, 60000 IU vitamin D3,
4000 IU vitamin E, and 650 g anion salts and for fresh and early lactation cows contained: 160 g Ca, 20 g P, 40 g Mg, 30 g Na, 20
g S, 5000 mg Mn, 7000 mg Zn, 3000 mg Cu, 50 mg Co, 80 mg lodine, 1000 mg Fe, 45 mg Se, 125 mg vitamin Biotin, 800000 1U

vitamin A, 150000 IU vitamin D3, 3500 IU vitamin E.

CP = Crude protein; EE = Ether extract, NFC = None fiber carbohydrate = 100 — (%NDF + %CP + %EE + %ash), NDF = Neutral

detergent fiber
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Table 2- Effect of Cu and vitamin C injection on serum concentrations of Cu, vitamin C and superoxide
dismutase of dairy cows in transition period

ltem + Vitamin C - Vitamin C SEM P- value
+Cu -Cu +Cu -Cu Parity VitC Cu VitCxCu

Vitamin C (ug/ml)

d 20 Prepartum 5.48 6.55 4.08 430 0343 0.55 0.01 0.08 0.23

Parturition day 5.72 5.62 3.64 3.83 0254 0.07 <0.01 0.87 0.58
d 10 Postpartum 5.15 5.09 3.28 3.00 0.293 <0.01 0.01 0.57 0.71
d 20 Postpartum 5.04 4.85 3.30 285 0198 <0.01 <001 0.12 0.53
d 30 Postpartum 4.93 4.88 3.34 330 0206 <0.01 <001 o081 0.95
Cu (ppm)

d 20 Prepartum 1.73 1.12 1.84 118 0.088 0.32 0.34 0.01 0.80

Parturition day 2.09 1.04 1.92 1.00 0.104 0.62 0.30 <0.01 0.53
d 10 Postpartum 2.592 1.33¢ 2.13° 1.30° 0.088 0.48 0.11 <0.01 <0.01
d 20 Postpartum 2.832 1.25¢ 2.30P 1.41¢ 0132 0.30 0.17 0.01 0.01
d 30 Postpartum 2.80 1.25 2.45 136 0136 0.63 0.37 <0.01 0.10
Superoxide dismutase (1U/ml)

d 20 Prepartum 11.30 10.23 12.06 10.34 0.207 0.53 0.11 <0.01 0.12

Parturition day 11.71 10.75 11.99 10.32 0.251 0.93 0.77 0.01 0.16
d 10 Postpartum 12.05 11.70 12.91 11.07 0.304 0.60 022 <0.01 0.12
d 20 Postpartum 12.07 10.75 11.69 10.87 0.453  0.03 0.77 0.04 0.58
d 30 Postpartum 12.29 10.99 12.03 10.88 0542  0.20 0.73 0.04 0.88

&¢ Values with differing letters within the same row are significantly different (P<0.05).
+Vitamin C= injection of 25 mg vitamin C solution/kg BW; -Vitamin C= without vitamin C injection; +Cu= injection of 75 mg

copper solution/head/d; -Cu= without copper injection.

Table 3- Effect of Cu and vitamin C injection on serum concentrations of Ca, P and Mg of dairy cows in

transition period

Serum minerals + Vitamin C - Vitamin C SEM _ P- value _
+Cu -Cu +Cu -Cu Vit C Cu Vit Cx Cu
Ca (mg/dl)
d 20 Prepartum 9.81 9.80 9.68 9.40 0.185 0.16 0.44 0.47
Parturition day 8.88 9.17 8.98 8.67 0.147 0.19 0.94 0.07
d 10 Postpartum 9.40 9.46 9.29 9.55 0.166 0.95 0.35 0.55
d 20 Postpartum 9.56 9.50 9.51 9.20 0.185 0.34 0.31 0.56
d 30 Postpartum 9.57 9.48 9.23 9.36 0.164 0.19 0.92 0.53
P (mg/dl)
d 20 Prepartum 5.36 4.95 5.51 5.19 0.179 0.30 0.10 0.83
Parturition day 4.76 4.76 5.05 4.96 0.202 0.24 0.82 0.81
d 10 Postpartum 5.89 5.73 5.60 5.23 0.238 0.13 0.30 0.68
d 20 Postpartum 6.06 5.35 5.57 5.43 0.243 0.41 0.10 0.28
d 30 Postpartum 5.67 5.36 5.64 5.40 0.216 0.97 0.25 0.85
Mg (mg/dl)
d 20 Prepartum 2.91 2.92 2.95 2.87 0.082 0.95 0.68 0.55
Parturition day 2.68 2.52 2.80 2.70 0.102 0.15 0.22 0.81
d 10 Postpartum 2.80 2.88 2.84 2.89 0.084 0.73 0.47 0.84
d 20 Postpartum 2.78 2.80 2.82 2.80 0.095 0.84 0.95 0.80
d 30 Postpartum 2.79 2.51 2.89 2.97 0.094 0.10 0.98 0.44

+Vitamin C= injection of 25 mg vitamin C solution/kg BW; -Vitamin C= without vitamin C injection; +Cu= injection

of 75 mg copper solution/head/d; -Cu= without copper injection.
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Table 4- Effect of Cu and vitamin C injection on serum concentrations of glucose, BHB, NEFA, total protein,
TG, total cholesterol and HDL-cholesterol of dairy cows in transition period

Serum parameters + Vitamin C - Vitamin C SEM . P- value _
+Cu -Cu +Cu -Cu Vit C Cu Vit CxCu
Glucose (mg/dl)
d 20 Prepartum 74.24 78.71 76.09 77.78 2.384 0.85 0.21 0.57
Parturition day 91.37 85.33 84.86 86.09 3.642 0.44 0.52 0.33
d 10 Postpartum 82.67 84.36 81.39 80.41 1.910 0.19 0.85 0.49
d 20 Postpartum 81.64 79.56 83.07 82.72 2.924 0.44 0.68 0.77
d 30 Postpartum 78.18 75.81 78.59 75.58 2.725 0.98 0.34 0.91
Beta hydroxybutyrate (umol/l)
d 20 Prepartum 481.98 482.05 481.40 483.23  10.993 0.98 0.93 0.94
Parturition day 859.76 832.03 836.45 848.09  15.462 0.82 0.61 0.21
d 10 Postpartum 850.25 833.15 846.34 842,92  17.345 0.87 0.57 0.70
d 20 Postpartum 768.80 731.75 743.82 757.97  20.301 0.98 0.59 0.22
d 30 Postpartum 713.00 699.38 705.27 716.35  18.273 0.80 0.94 0.50
NEFA (umol/l)
d 20 Prepartum 235.72 242.43 236.48 24355 10.782 0.93 0.54 0.99
Parturition day 540.70 531.52 513.70 536.75  21.340 0.61 0.75 0.45
d 10 Postpartum 541.59 527.00 524.31 534.60 25.184 0.85 0.93 0.62
d 20 Postpartum 396.16 406.78 366.94 390.45  19.025 0.25 0.39 0.74
d 30 Postpartum 403.74 396.47 377.42 381.70  14.093 0.16 0.92 0.68
Total protein (mg/dl)
d 20 Prepartum 7.53 8.02 8.36 7.20 0.345 0.99 0.35 0.07
Parturition day 7.53 7.46 8.11 7.72 0.232 0.07 0.33 0.55
d 10 Postpartum 7.71 7.82 8.29 7.60 0.233 0.44 0.23 0.13
d 20 Postpartum 7.60 7.53 7.90 7.90 0.210 0.13 0.88 0.90
d 30 Postpartum 8.05 7.51 7.80 8.00 0.191 0.57 0.42 0.99
Triglyceride (mg/dl)
d 20 Prepartum 36.33 33.50 38.83 33.33 2.465 0.64 0.11 0.60
Parturition day 36.80 33.72 40.62 41.02 2.304 0.06 0.58 0.46
d 10 Postpartum 34.75 34.14 38.75 38.68 2.644 0.12 0.90 0.92
d 20 Postpartum 40.48 33.38 36.80 34.34 2.545 0.60 0.07 0.38
d 30 Postpartum 35.90 31.71 36.55 31.17 2.570 0.87 0.12 0.67
Total cholesterol (mg/dl)
d 20 Prepartum 136.8 134.7 143.9 134.3 2.871 0.28 0.06 0.21
Parturition day 142.5 136.4 149.6 141.6 3.228 0.07 0.06 0.78
d 10 Postpartum 187.2 167.7 174.6 175.8 4.694 0.64 0.06 0.06
d 20 Postpartum 200.8 184.5 186.9 190.4 5.679 0.50 0.27 0.10
d 30 Postpartum 198.7 187.37 187.7 194.8 4.904 0.72 0.67 0.06
HDL- cholesterol (mg/dl)
d 20 Prepartum 79.03 74.84 77.19 77.93 2.670 0.82 0.53 0.37
Parturition day 80.72 75.84 81.41 79.68 2.725 0.41 0.25 0.57
d 10 Postpartum 84.87 80.11 83.15 83.69 2.274 0.69 0.37 0.26
d 20 Postpartum 83.80 84.21 82.18 82.30 2.455 0.48 0.91 0.95
d 30 Postpartum 83.49 84.27 80.27 84.96 2.714 0.64 0.33 0.48

+Vitamin C= injection of 25 mg vitamin C solution/kg BW; -Vitamin C= without vitamin C injection; +Cu= injection of 75 mg
copper solution/head/d; -Cu= without copper injection.
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Table 5- Effect of vitamin C and Cu injection on incidence rate of retained placenta, clinical mastitis and
lameness of dairy cows in transition period

Metabolic disorder + Vitamin € - Vitamin C

+Cu -Cu +Cu -Cu
Retained placenta (%) 10 0 0 20
Clinical mastitis (%) 10 20 10 30
Lameness (%) 10 0 0 10
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Introduction: The transition period between late pregnancy and early lactation (also called the
periparturient period) certainly is the most interesting stage of the lactation cycle and is the last 3
weeks before parturition to 3 weeks after parturition. Most infectious diseases and metabolic disorders
occur during this period. Milk fever, ketosis, retained fetal membranes, metritis, and displaced
abomasum primarily impact cows during the periparturient period (Drackley 1999). Any nutritional
limitation during this period has an important impact on cow efficiency and consequently, milk
production decreases. Dairy cows encounter substantial metabolic and physiological adaptations
during the transition period. The immune system during the periparturient period is impaired. At this
time, the most important factor causing immune-suppression in highly productive cows is metabolic
stress resulting from hormonal and metabolic fluctuations, a negative energy balance, shortage of
proteins, minerals and vitamins which are required to meet the demands of the fetus as well as the
onset of lactation (Sordillo 2016). In the world, Cu deficiency is one of the most common problems
in cattle with clinical and subclinical signs (Hill and Shannon 2019). Even marginal Cu deficiency (6
to 7 ppm dietary Cu) depresses blood neutrophil function in dairy cattle (Torre et al. 1996). One
strategy for improving immune system of transition dairy cows is mineral and vitamin
supplementation. It has been reported that many minerals are enzymatic cofactors (Filappi et al.
2005). Studies showed that minerals injection would be a suitable method to improve mineral
utilization, and this may be a promising alternative to improve animal performance (Collet et al.
2017). Furthermore, during this period, dairy cows need antioxidants to combat reactive oxygen
species (ROS) which produce during oxidative stress. Vitamin C was identified as antioxidant and
could help immune system to overcome ROS production. Hence, this experiment was aimed to study
the effect of vitamin C and copper injection on the health status of transition dairy cows.

Materials and Methods: The study was carried out in a commercial farm located in Kermanshah
province of Iran. Cows were enrolled from June 22, until September 22. Temperature and humidity
index (THI) was calculated. It was between 72-78. The experiment was performed with 40
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multiparous (twenty; second parity and twenty; third and fourth parity) Holstein lactating dairy cows
which divided into four groups (10 animals/ group) in a 2x2 factorial arrangement. All cows were
offered a TMR diet. Experimental treatments consisted of control (injection of 7 ml of NaCl % 0.9),
Cu (injection of 75 mg Cu per cow) Vitamin C (injection of 25 mg vitamin C solution/kg BW), and
Vitamin C-Cu (simultaneous injection of 25 mg vitamin C solution’kg BW and 75 mg Cu/ cow).
Solutions were injected on d 20 and 40 days before expected parturition, parturition day and day 20
of postpartum. Serum concentrations of total protein, glucose, triglycerides, cholesterol, HDL-
cholesterol, Ca, P and Mg were determined using autoanalyzer by Pars Azmoon Kits. Serum
concentrations of Beta hydroxybutyrate (BHBA) and non-esterified fatty acids (NEFA) were
measured using autoanalyzer by Randow Kits. Serum concentration of Cu was determined by atomic
absorbtion. Serum concentrations of vitamin C and superoxide dismutase was measured by Elisa
reader. Incidence of metabolic disorders and infection disease were recorded. Data of serum variables
were analyzed based on a randomized block design with a 2x2 (Vitamin C and Cu, with or without
injection) factorial arrangement using Proc Mix of SAS software. The differences among treatments
were evaluated using Tukey adjustment when the overall F-test was P < 0.05. Trends were declared
when 0.05 < P < 0.10. In addition, percentages of metabolic disorders were reported.

Results and Discussion: Results showed that the interaction effect of vitamin C and Cu had no
significant effect on serum concentration of vitamin C and superoxide dismutase activity. Cows
received vitamin C had the greatest serum vitamin C concentration on d 20 prepartum, parturition
day, d 10, 20 and 30 postpartum (P<0.05). Content of serum Cu were affected by the interaction of
vitamin C and Cu on d 10 and d 20 postpartum (P<0.05). Copper injection increased serum Cu
concentration and superoxide dismutase activity on d 20 prepartum, parturition day, d 10, 20 and 30
postpartum (P<0.05) in cows received Cu without vitamin C. Serum concentrations of P, Mg, glucose,
BHBA, NEFA, triglycerides and HDL-cholesterol were not influenced by the interaction effect of
vitamin C and Cu. Serum triglyceride concentration tended to decrease (P=0.06) in cows received
vitamin C and on parturition day. Copper injection tended to increase (P=0.06) serum triglyceride
concentration on d 20 postpartum. Serum protein concentration tended to decrease (P=0.07) in cows
received vitamin C and in compared to other treatments on parturition day. Copper or vitamin C
injections had no effect on serum concentrations of Ca, P, Mg, glucose, BHB and NEFA of
experimental cows. Serum calcium concentration tended to increase (P=0.07) in cows received
simultaneous injection of vitamin C and Cu in compared to the others on parturition day.
Simultaneous injection of vitamin C and Cu tended to increase total cholesterol concentration
(P=0.06) on d 10 and 30 of postpartum. Copper injection tended to increase total cholesterol
concentration on d 20 prepartum, parturition day and d 10 postpartum (P=0.06). Control groups had
the highest incidence rate of retained placenta and clinical mastitis.

Conclusion: It is concluded that vitamin C and Cu injection reduced incidence rate of retained
placenta and clinical mastitis due to improving immunity system performance of transition dairy
COWS.
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