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Introduction: Birth weight is the most important factor affecting lamb survival, but even when birth weight is
appropriate, some lambs are lost to weaning. Infectious diseases are the most important factors affecting the
mortality of lambs before weaning. Therefore, any factor that reduces the prevalence of these infections has a
positive effect on the survival of lambs and improves the reproductive performance of the flock. The structure of
the placenta in ruminant animals prevents the transfer of immunoglobulins from maternal circulation to the fetus.
Therefore, newborn ruminants are completely dependent on the absorption of immunoglobulins from the mother's
colostrum after birth. Consuming a sufficient amount of high-quality colostrum at the right time is the most
important management factor affecting the survival and health of newborn ruminants. Colostrum also affects the
survival of lambs by providing nutrients necessary for metabolism and heat production. Fat-soluble vitamins (A,
D3, and E) are among the important components of colostrum and their concentrations are higher in colostrum
compared to milk. These vitamins play an important role in improving the immune system of ruminant animals.
Many genetic and non-genetic factors such as animal breed, mother's age, nutrition of dam in late pregnancy, herd
vaccination program, colostrum volume, and colostrum collection time after parturition affect the quantity and
quality of colostrum in ruminant animals. Nutrition status in late pregnancy is the most important factor affecting
the quantity and quality of colostrum produced in these animals. Therefore, an insufficient supply of vitamins in
pregnant ewes is one of the reasons for reducing the survival and mortality of newborn lambs. Much research has
been conducted regarding the effect of dietary or injectable vitamin A, D3, and E supplements in late pregnancy
on the maternal immune system and the survival of newborn ruminants, although, they have mainly focused on
vitamin E and selenium supplements. To our knowledge, there is no information on how the timing of the use of
these vitamins in late pregnancy affects the metabolic responses of ruminants. Therefore, this experiment aimed
to investigate the effect of time and amount of vitamin ADsE injection in late pregnancy on colostrum quality and
plasma metabolites of Afshari ewes and their lambs.

Materials and methods: Forty Afshari mature ewes with an average of 45 kg and 2-3 years of age were used.
One month before the expected lambing, animals were divided into four groups and randomly assigned to
experimental treatments. Experimental treatments were: 1. No injection of vitamin AD3E (Control; C), 2. Injection
of 10 mL of vitamin AD3E four weeks before the expected lambing, 3. Injection of 10 mL of vitamin AD3E two
weeks before the expected lambing, and 4. Injection of five mL of vitamin AD;E four weeks and five mL two
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weeks before the expected lambing. Blood samples of ewes and lambs were collected four and one week before
the expected lambing and three days after colostrum consumption, respectively. Plasma was separated and stored
at -20 °C for metabolites’ measurement. Samples of colostrum from all animals were collected and stored at 3-5
°C for determining chemical composition and BRIX index.

Results and discussion: Results showed that the greatest plasma concentrations of glucose and malondialdehyde
(MDA) on day 7 before lambing were observed in ewes of the C groups (P<0.05). Experimental treatments did
not affect plasma total cholesterol (TCh), triglyceride (TG), and magnesium (Mg) concentrations of ewes on day
7 before lambing (P>0.05). Plasma concentration of total protein (TP), calcium (Ca), and BRIX index on day 7
before lambing were higher in ewes who received vitamin AD3;E compared to the C group (P<0.05). Ewes
received 10 mL of vitamin AD3;E two weeks before the expected lambing had the highest plasma glutathione
peroxidase (GPX), superoxide dismutase (SOD), and total antioxidant activities on day 7 before lambing (P<0.05).
Colostrum fat and lactose percentage were not influenced by experimental treatments (P>0.05). Whereas,
colostrum protein percentage tended to be lower for ewes in the C group (P=0.08). The lowest colostrum BRIX
index was observed in the ewes of the C group (P<0.05). The lowest plasma glucose concentration was observed
in lambs born from ewes of the C group (P<0.05). Experimental treatments did not affect plasma TCh, TG, Ca,
and Mg concentrations of lambs (P>0.05). Lambs born from ewes received 10 mL of vitamin AD;E two weeks
before lambing had the highest plasma GPX, SOD, and total antioxidant activities compared to other groups
(P<0.05). Vitamin ADsE injection increased the plasma BRIX index of lambs compared to the group without
injection (P<0.05).

Conclusions: The results showed that injection of vitamin AD3E two weeks before lambing increased plasma TP
concentration and antioxidant activity of ewes, as well as colostrum TP content, and consequently increased
plasma TP concentration and antioxidant activity of lambs. Therefore, this can be an effective strategy to improve
lamb survival and performance.
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Table 1. Feed ingredients and chemical composition of flushing diet

% of DM
Feed ingredient
Alfalfa hay 27.5
Corn silage 17.5
Wheat straw 14.0
Corn grain 8.0
Barley grain 24.0
Calcium salt of linseed oil 3.0
Fish meal 3.0
Wheat bran 2.0
Salt 0.5
Minerals-vitamin premix?* 0.5
Chemical composition
CP 13.1
RUP 53
RDP 7.8
NDF 42.3
NFC 34.2
Ash 7.5
EE 5.4
Ca 0.92
Mg 0.71
P 0.43
K 2.1
Na 0.18
Na+K/CatMg 1.38
ME (Mcal/kg) 2.4

1 The mineral and vitamin premix contained (1 kg premix): 250000 IU vitamin A, 100000 IU vitamin D3, 100 mg vitamin
E, 20 mg vitamin B1, 40 mg vitamin B2, and 50 g Ca, 32 gP, 11 g Mg, 46 gNa,2 gMn, 3 g Fe, 1 g Cu, 2 g Zn, 60 mg Co,

6 mg lodine, 1 mg Se.
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Table 1. Feed ingredients and chemical composition of late-pregnancy diet

% of DM
Feed ingredient
Alfalfa hay 31.25
Wheat straw 23.13
Corn grain 17.50
Barley grain 18.75
Wheat bran 3.75
Molasses 3.13
Salt 0.75
Minerals-vitamin premix! 1.00
Dicalcium phosphate 0.63
Slow release ureca 0.13
Chemical composition
CP 13.60
RUP 33.20
RDP 66.80
NDF 36.60
NFC 41.00
Ash 8.60
EE 2.80
Ca 0.68
Mg 0.37
ME (Mcal/kg) 2.34

! The mineral and vitamin premix contained (1 kg premix): 250000 IU vitamin A, 100000 IU vitamin D3, 100 mg vitamin
E, 20 mg vitamin B1, 40 mg vitamin B2, and 50 g Ca, 32 gP, 11 g Mg, 46 gNa,2 gMn, 3 g Fe, 1 g Cu, 2 g Zn, 60 mg Co,

6 mg lodine, 1 mg Se.
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Table 3. Plasma concentrations of progesterone on day 30 after mating and metabolites, antioxidant enzymes,

and malondialdehyde (MDA) four weeks before lambing

Treatments! P-value

Parameters 1 2 3 4 SEM Treat Contrast?
Progesterone (ng/mL) 3.6 3.8 3.5 39 0.25 0.45 0.58
Glucose (mg/dL) 62.0 65.0 62.0 64.8 1.91 0.45 0.36
Total cholesterol (mg/dL) 60.4 65.4 61.0 63.4 1.82 0.68 0.57
TG (mg/dL) 35.6 35.2 34.6 33.4 0.91 0.79 0.78
Total protein (mg/dL) 5.5 5.8 5.4 5.8 0.21 0.82 0.75
Ca (mg/dL) 6.5 6.4 6.2 6.0 0.22 0.63 0.54
Mg (mg/dL) 29 3.0 3.1 3.2 0.15 0.87 0.46
MDA? (nmol/L) 43.0 46.0 39.0 41.0 1.23 0.86 0.74
Glutathione peroxidase 0.13 0.15 0.12 0.16 0.03 0.35 0.42
(IU/mL)

Superoxide dismutase 0.24 0.22 0.25 0.23 0.05 0.81 0.76
(IU/mL)

Antioxidant capacity (mmol) 0.58 0.62 0.55 0.64 0.08 0.92 0.95
Brix index (%) 8.50 8.70 8.40 8.70 0.35 0.83 0.85

! Treatments: 1. No injection of vitamin AD3E (Control), 2. Injection of 10 mL of vitamin AD3E four weeks before expected
lambing, 3. Injection of 10 mL of vitamin AD3E two weeks before expected lambing, and 4. Injection of five mL of vitamin
AD;E four weeks and five mL two weeks before expected lambing.

2 Orthogonal contrast: no injection (treatment 1) vs. injection (treatments 2, 3, and 4).

3 Malondialdehyde.
SEM: Standard error of the means.
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Table 4. Plasma concentrations of metabolites, antioxidant enzymes, and malondialdehyde (MDA) on day 7

before lambing

Treatments! P-value

Parameters 1 2 3 4 SEM Treat Contrast?
Glucose (mg/dL) 79.6 72.6° 67.6° 62.0¢ 1.68 0.01 0.01
Total cholesterol (mg/dL) 63.8 60.8 67.2 70.2 2.33 0.06 0.41
TG (mg/dL) 34.4 34.6 37.2 34.8 1.41 0.48 0.50
Total protein (mg/dL) 6.5° 7.1 7.5% 7.7% 0.16 0.04 0.21
Ca (mg/dL) 6.1° 7.32 7.6* 7.7% 0.20 0.04 0.01
Mg (mg/dL) 2.9 3.1 3.0 3.2 0.20 0.69 0.34
MDA? (nmol/L) 58.42 35.3° 25.6° 28.2¢ 1.85 0.04 0.03
Glutathione peroxidase 0.15° 0.23° 0.55° 0.38%® 0.07 0.03 0.01
(IU/mL)

Superoxide dismutase 0.23¢ 0.35° 0.48? 0.42% 0.03 0.05 0.04
(IU/mL)

Antioxidant capacity (mmol) 0.38° 0.75% 0.88* 0.84% 0.10 0.02 0.01
Brix index (%) 9.5b 10.32 10.5% 10.8% 0.24 0.04 0.05

! Treatments: 1. No injection of vitamin AD3E (Control), 2. Injection of 10 mL of vitamin AD3E four weeks before expected
lambing, 3. Injection of 10 mL of vitamin AD3E two weeks before expected lambing, and 4. Injection of five mL of vitamin
ADsE four weeks and five mL two weeks before expected lambing.

2 Orthogonal contrast: no injection (treatment 1) vs. injection (treatments 2, 3, and 4).

3 Malondialdehyde.
SEM: Standard error of the means.

*d Values with differing letters within the same row are significantly different (P<0.05).
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Table 5. Effect of vitamin AD;E injection at different times before lambing on colostrum composition of
Afshari ewes

Treatments' P-value
Parameters 1 2 3 4 SEM Treat Contrast?
Fat (%) 10.52 12.37 10.61 10.80 0.55 0.12 0.36
Protein (%) 17.27 18.95 19.82 19.50 0.50 0.08 0.04
Lactose (%) 2.14 2.28 1.90 2.00 0.14 0.30 0.65
Brix index (%) 27.25b 29.402 30.252 30.052 0.65 0.04 0.03

! Treatments: 1. No injection of vitamin AD3E (Control), 2. Injection of 10 mL of vitamin AD3E four weeks before expected
lambing, 3. Injection of 10 mL of vitamin AD3E two weeks before expected lambing, and 4. Injection of five mL of vitamin
AD:;E four weeks and five mL two weeks before expected lambing.

2 Orthogonal contrast: no injection (treatment 1) vs. injection (treatments 2, 3, and 4).

SEM: Standard error of the means.

*d Values with differing letters within the same row are significantly different (P<0.05).
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Table 6. Effect of vitamin ADsE injection at different times before lambing on plasma concentrations of
metabolites, antioxidant enzymes, and malondialdehyde of new born lambs

Treatments! P-value

Parameters 1 2 3 4 SEM Treat Contrast?
Glucose (mg/dL) 59.8¢ 75.0° 68.4° 73.2 2.1 0.01 0.01
Total cholesterol (mg/dL) 69.8 75.0 70.2 66.6 2.13 0.08 0.75
TG (mg/dL) 38.4 41.0 37.2 35.8 1.39 0.09 0.81
Total protein (mg/dL) 7.1° 8.5% 8.6 8.7 0.27 0.01 0.01
Ca (mg/dL) 6.4 6.3 6.3 6.5 0.22 0.89 0.94
Mg (mg/dL) 29 3.1 3.0 34 0.19 0.41 0.32
MDA? (nmol/L) 47.5% 37.5° 28.3¢ 35.6° 1.42 0.03 0.05
Glutathione peroxidase 0.55° 0.64° 0.922 0.912 0.12 0.02 0.04
(IU/mL)

Superoxide dismutase 0.22¢ 0.35° 0.532 0.39% 0.04 0.03 0.03
(IU/mL)

Antioxidant capacity (mmol) ~ 0.47° 0.63° 0.80° 0.66% 0.06 0.04 0.05
Brix index (%) 10.2° 11.42 11.5% 11.6* 0.30 0.03 0.04

! Treatments: 1. No injection of vitamin AD3E (Control), 2. Injection of 10 mL of vitamin AD3E four weeks before expected
lambing, 3. Injection of 10 mL of vitamin AD3E two weeks before expected lambing, and 4. Injection of five mL of vitamin

ADsE four weeks and five mL two weeks before expected lambing.
2 Orthogonal contrast: no injection (treatment 1) vs. injection (treatments 2, 3, and 4).

3 Malondialdehyde.
SEM: Standard error of the means.

*“Values with differing letters within the same row are significantly different (£<0.05).
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