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Summary

This study was conducted to exploit ameliorative effect of additional vitamin E and/or zinc supplementation on

immune response of peripartum Sahiwal cows. Thirty-two pregnant dry Sahiwal cows were blocked into four

treatment groups (n = 8), namely control, zinc (Zn), vitamin E (Vit E) and zinc + vitamin E (Zn + Vit E). Feed-

ing regimen was same in all the groups except that the Sahiwal cows in the zinc-, vitamin E- and zinc + vitamin

E-fed groups were additionally supplemented with 60 mg Zn/kg DM, 1000 IU vitamin E and 60 mg/kg + 1000

IU Zn + vitamin E, respectively, from day 60 pre-partum to day 90 post-partum. Blood samples were collected

on days �60, �45, �30, �15, �7, �3, 0, 3, 7, 15, 30, 45, 60, 90 and 120 with respect to day of parturition and

analysed for total immunoglobulin (TIG), immunoglobulin G (IgG), interleukin-2 (IL-2), vitamin E (Vit E) and

zinc (Zn) status. Before calving, cows showed a decrease in plasma TIG, IgG, IL-2, Vit E and Zn levels. However,

increased levels of plasma TIG, IgG, IL-2, Vit E and Zn were observed after calving. After calving, Sahiwal cows

supplemented with Zn + Vit E had higher plasma TIG, IgG and IL-2 in comparison with cows of control and

Zn + Vit E-fed groups. In the present study, plasma vitamin E level was higher in Vit E-fed and Zn + Vit E-fed

cows; however, zinc level was higher in Zn- and Zn + Vit E-supplemented cows. In conclusion, a reduced

immune response during peripartum period in Sahiwal cows was ameliorated by dietary vitamin E and zinc

supplementation.
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Introduction

The peripartum period is crucial for cow health and

milk production (Grummer, 1995). The immune sys-

tem of dairy cows is challenged around parturition,

resulting in an increased susceptibility to infectious

diseases (Kehrli et al., 1998; Maurya, 2011). The post-

partum period of dairy cattle is known to be a time

when important host immune responses such as lym-

phocyte proliferation, antibody development and

cytokine production are reduced (Sordillo, 2005). This

may partly be due to a decrease in plasma concentra-

tions of antioxidant micronutrients such as vitamin A,

vitamin E and Zn observed at this time (Johnston and

Chew, 1984; Goff and Stabel, 1990; Meglia et al.,

2004; Chandra and Aggarwal, 2009; Maurya, 2011).

Micronutrient deficiencies around calving have been

associated with diseases such as retained foetal mem-

branes, endometritis and mastitis (Panda et al., 2006).

Various supplements and additives are used in

periparturient dairy animal rations to minimize stress

due to gestation, calving and early lactation. Among

these, vitamin E and Zn supplementation has been

used during pregnancy, lactation and other times of

stress. Vitamin E and Zn are essential nutrients and

are required for a well-functioning immune system

(Weiss, 2002). When supplemented during pre- and

post-partum period, the protective effects of vitamin

E on animal health may be due to its role in the

reduction of glucocorticoids, which are immuno-

suppressive (Tengerdy, 1980). Immunity boost-up

effects of vitamin E may be elicited through its effect

on cell membrane stability and regulatory role in

biosynthesis of various inflammatory mediators

(Smith et al., 1997). Dietary vitamin E supplementa-

tion increased IgM and interleukin production by

bovine peripheral mononuclear cells (Stabel et al.,

1992) and also modulated prostaglandin release from
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activated macrophages during infections (Likoff

et al., 1981). Prostaglandins inhibit the functional

activity of lymphocytes and macrophages by decreas-

ing the susceptibility of cells to mitogen stimulation

and subsequent cellular differentiation (Meydani and

Hafek, 1992). Zinc supplementation enhances cow’s

immunity by increasing resistance to infections and

by decreasing severity of infection (Goff and Stabel,

1990; Campbell and Miller, 1998). Zinc deficiencies

can result in atrophy of the thymus and other lym-

phoid organs (Underwood and Suttle, 1999). Fraker

et al. (1986) found a depression of T-lymphocyte

functions in Zn-deficient animals.

Considering these facts, the present study was

therefore designed to investigate the effect of an addi-

tional vitamin E and zinc supplementation on

immune response in peripartum Sahiwal cows under

Indian conditions.

Materials and methods

The experiment was conducted in the cattle yard of

National Dairy Research Institute (NDRI), Karnal,

Haryana. It is situated on an altitude of 250 metres

above mean sea level, latitude and longitude position

being 29° 42″N and 79° 54″E respectively. Minimum

ambient temperature is recorded near 0 °C in winter,

and maximum temperature goes up to 45 °C in sum-

mer with annual rainfall of 700 mm. All protocols,

approved by the Institutional Animal Ethics Commit-

tee (IAEC) constituted as per the article number 13

of the Committee for the Purpose of Control and

Supervision on Experiments on Animals (CPCSEA)

rules, laid down by the Government of India were

followed.

Experiment design and feeding

Thirty-two medium-producing, clinically healthy pre-

partum Sahiwal cows were selected from cattle yard

of NDRI, Karnal. Selected cows were randomly

assigned to four treatments (n = 8) with having mini-

mum possible intra-herd variation in terms of body

weight (409 � 9.0 vs. 403 � 9.2 vs. 406 � 7.9 vs.

398 � 7.1 kg) and parity (2.8 � 0.5 vs. 3.2 � 0.5 vs.

3.0 � 0.4 vs. 3.2 � 0.3). Experimental Sahiwal cows

were monitored from 2 months before (�60 days) to

4 months after (+120 days) calving.

The nutrient requirements of cows were met by

feeding total mixed ration (TMR) at 0800 and

2000 hours ad libitum (NRC, 2001). The ingredient

and nutrient compositions of TMR fed during

experimental period are presented in Table 1. The

experimental animals were supplemented individu-

ally with 60 mg Zn/kg DM in the form of feed-grade

zinc sulphate heptahydrate (ZnSO4�7H2O; Luancheng

Terife Agricultural Materials, Shijiazhuang, Hebei

Province, China), 1000 IU Vit E in the form of

DL-alpha-tocopheryl acetate (Xi’an Healthful Biotech-

nology, Hi-New Zone, Xi’an, China) and a combina-

tion of 60 mg/kg Zn and 1000 IU Vit E (Zn + Vit E).

Table 1 Ingredient and nutrient compositions of diets fed during the

experimental period

Control Zn Vit E Zn + Vit E

Ingredients (%, as DM)

Berseem fodder 19.8 19.8 19.8 19.8

Corn silage 14.2 14.2 14.2 14.2

Ground yellow maize 28.9 28.7 28.5 28.3

Groundnut cake 15.7 15.7 15.7 15.7

De-oiled Mustard cake 5.2 5.2 5.2 5.2

Wheat bran 6.4 6.4 6.4 6.4

Rice bran 8.3 8.3 8.3 8.3

Dicalcium phosphate 0.6 0.6 0.6 0.6

Salt 0.3 0.3 0.3 0.3

Trace minerals and

vitamins premix*

0.6 0.6 0.6 0.6

Zinc sulphate

heptahydrate†

– 0.2 – 0.2

DL-alpha-tocopheryl

acetate†

– – 0.4 0.4

Chemical composition (as DM)

Dry matter, % (as fed)/

(wet weight)

75.6 75.6 75.6 75.6

Organic matter, % 78.3 78.3 78.3 78.3

Crude protein, % 17.5 17.5 17.5 17.5

NDF, % 38.6 38.6 38.6 38.6

ADF, % 25.9 25.9 25.9 25.9

Calcium, % 1.00 1.00 1.00 1.00

Phosphorus, % 0.41 0.41 0.41 0.41

Magnesium, % 0.2 0.2 0.2 0.2

Sodium, % 0.20 0.20 0.20 0.20

Chloride, % 0.41 0.41 0.41 0.41

Manganese, mg/kg 63.83 63.83 63.83 63.83

Copper, mg/kg 23.2 23.2 23.2 23.2

Zinc, mg/kg 49.54 109.54 49.54 109.54

DL-alpha-tocopheryl

acetate, IU (total

intake per animal

and day)

211 211 1,211 1,211

Zn, zinc-treated group; Vit E, vitamin E-treated group; Zn + Vit E,

zinc + vitamin E-treated group; ADF, acid detergent fibre; DM, dry mat-

ter; NDF, neutral detergent fibre.

*Premix composition per kilogram: vitamin A, 700 000 IU; vitamin D3,

70 000 IU; vitamin E, 250 mg; nicotinamide, 3000 mg; Ca, 190 000; P,

90 000; Na, 50 000; Cu, 1200 mg; Zn, 9600 mg; Fe, 1500 mg; Mn,

6000 mg; I, 325 mg; Co, 150 mg; Se, 10 mg; Mg, 19 000 mg.

†Zinc sulphate heptahydrate (0.20%) and DL-alpha-tocopheryl acetate

(0.40%) were substituted for ground yellow maize to provide 60 mg/kg

Zn and 1000 IU vitamin E.
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The animals that received a basal diet devoid of addi-

tional supplemental Zn and Vit E acted as control. Zn

and Vit E contents of the basal diet were 49 mg/kg

diet DM and 211 IU (in total)/per cow and day.

Blood collection

Peripheral blood samples were collected at 0700 hours

in heparinized vacutainer tubes (Becton Drive, Frank-

lin Lakes, NJ, USA) by jugular vein puncture, posing

minimum stress to buffalo calves, on days �60, �45,

�30, �15, �7, �3, 0, 3, 7, 15, 30, 45, 60, 90 and 120

in relation to the expected date of calving. The sam-

ples were brought to the laboratory in chilled ice

boxes soon after collection and centrifuged at 1200 g

at 4 °C for 20 min to separate the plasma for the

analysis of TIG, IgG, IL-2, Vit E and Zn.

Laboratory analysis

Feed intake after weighing feed refusals was recorded,

and dry matter (DM) intake was calculated daily. Feed

and fodder offered to animals were analysed for DM,

crude protein (CP), ether extract (EE), crude fibre

(CF) and total ash (AOAC, 1990). Detergent method

was used for the estimation of neutral detergent fibre

(NDF) and acid detergent fibre (ADF) in feed and fod-

der offered to cows during experimental period (Van

Soest et al., 1991).

Total immunoglobulin (TIG) in the plasma sample

was estimated by zinc turbidity method (McEvan and

Fisher, 1970). IgG was determined in plasma of cows

by ‘Bovine IgG ELISA Kit’ from Cusabio Biotech,

Wuhan, Hubei, China. The detection level of the assay

was 4.68 to 600 lg/ml. Intra- and interassay coeffi-

cients of variation were 6.74% and 9.95% respec-

tively. IL-2 was determined in plasma of cows by

‘Bovine IL-2 ELISA Kit’ from Cusabio Biotech. The

minimum detectable level of bovine IL-2 was 40 pg/

ml. Intra- and interassay coefficients of variation were

5.74% and 8.95% respectively.

Vit E was measured in feed and plasma on a Waters

HPLC Model 510 (Milford, MA, USA) fitted with a

tunable absorbance detector model 486, a l-Bondapak
C-18 column of 3.9 9 300 mm size (Waters). The sol-

vent system consisted of acetonitrile and HPLC water

in the ratio of 95:5 at the flow rate of 1.7 ml/min

(Chawla and Kaur, 2000). Tocopherol was detected at

290 nm. Zn was assayed in feed and plasma using an

atomic absorption spectrophotometer (Model Z-5000,

Polarized Zeeman Atomic Absorption Spectrophotom-

eter; Hitachi High-Technologies Corporation, Tokyo,

Japan) (AAS, 1988).

Statistical analysis

Data for all measured variables were analysed as

repeated measures using the MIXED procedure of sta-

tistical software package SPSS version 19 (SPSS for Win-

dows, V19.0; SPSS, Chicago, IL, USA). Two models

were used.

The first model was used to estimate sampling day

effect, treatment effect (Vit E and Zn supplementa-

tion) and their interaction:

Yijk ¼ lþ Ti þ Dj þ ðT � DÞij þ eijk

where Yijk = dependent variable; l = overall mean

of the population; Ti = mean effect of the treatment

(Vit E and Zn supplementation) (i = 1. . .4); Dj = mean

effect of day of sampling (j = 1. . .15) with day as a

repeated factor; (T 9 D)ij = effect of the interaction

between effects of treatment group and day of sam-

pling; and eijk = unexplained residual element

assumed to be independent and normally distributed.

The second model was used to estimate the effect

of physiological phase (pre- and post-partum), treat-

ment effect (Vit E and Zn supplementation) and their

interaction:

Yijk ¼ lþ Ti þ Pj þ ðT � PÞij þ eijk

where Yijk = dependent variable; l = overall mean of

the population; Pi = mean effect of physiological

phase (i = pre-partum, post-partum) with physiologi-

cal phase as a repeated factor; Ti = mean effect of the

treatment (Vit E and Zn supplementation) (i = 1. . . 4);

(T 9 P)ij = effect of the interaction between effect of

treatment group and physiological phase; and

eij = unexplained residual element assumed to be

independent and normally distributed.

Data were analysed across sampling days relative to

day of calving, with day 0 representing the day of

calving. Day of calving was considered as a post-

partum variable.

Briefly, the model included group, day (or physio-

logical phase) and their interaction as fixed effects,

and animal within group as the random effect. The

pairwise comparison of means was made using ‘Fish-

er’s least significant difference test’. Different parame-

ters (IgG, IL-2, Vit E and Zn) were correlated with

Pearson’s correlation method.

Results

The DMI decreased during pre-partum period and was

lowest on the day of calving in all the four groups
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(Table 2). DMI started increasing after parturition due

to the need of higher energy for production of milk

(Table 2).

In the present experiment, plasma TIG levels stea-

dily declined towards calving and found to be lowest

on 3 days post-calving and then started to increase in

all four groups (Fig. 1). Decline in plasma TIG concen-

tration towards calving was found to be lower in Sahi-

wal cows receiving both Zn and Vit E. Plasma TIG

showed higher (p < 0.05) values pre-calving com-

pared with the level registered at post-calving in all

four groups. During post-partum, concentration of

TIG was recorded significantly higher (p < 0.05) in

Zn + Vit E-supplemented cows in relation to control,

Zn- and Vit E-fed groups (Table 2).

Plasma IgG level showed higher values pre-calving

compared with the level observed at post-calving in

all the four groups (Fig. 2). But post-calving plasma

IgG levels were higher (p < 0.05) in Zn + Vit E group

than in all other groups (Table 2). Lowest concentra-

tion of IgG was found at 3 days post-calving in control

and Zn-fed groups and on day of calving in Vit E and

Table 2 Feed intake as well as total immunoglobulin, immunoglobulin G, interleukin-2, vitamin E and zinc during pre- and post-calving along with p-val-

ues of vitamin E- and zinc-supplemented cows and non-supplemented control cows

Parameters

Groups

SEM

p-Value

Control Zn Vit E Zn + Vit E Group Day Groups 9 days

Total immunoglobulin (mg/ml)

Pre-calving 32.55aA 34.54abA 34.35abA 36.10bA 0.85 0.030 <0.001 1.000

Post-calving 27.88aB 31.20bB 31.10bB 33.57cB 0.77

Immunoglobulin G (mg/ml)

Pre-calving 27.03aA 28.61bA 28.72bA 30.02cA 0.63 <0.001 <0.001 0.140

Post-calving 23.11aB 25.45bB 27.30cB 29.61dA 0.57

Interleukin-2 (pg/ml)

Pre-calving 62.14aA 63.49aA 63.77aA 67.03bA 1.41 <0.001 0.012 0.992

Post-calving 49.43aB 52.93bB 53.35bB 60.19cB 1.14

Vitamin E (lg/ml)

Pre-calving 2.69aA 2.70aA 2.92bA 2.90b 0.08 <0.001 <0.001 0.662

Post-calving 2.09aB 2.08aB 2.63bB 2.74b 0.06

Zinc (lg/ml)

Pre-calving 1.25aA 1.42bA 1.28aA 1.43bA 0.05 <0.001 <0.001 1.000

Post-calving 0.89aB 1.18bB 0.93aB 1.20bB 0.05

SEM, standard error of the mean; Zn, zinc-treated group; Vit E, vitamin E-treated group; Zn + Vit E, zinc + vitamin E-treated group.

Means with different superscripts in small letters in a row and capital letters in column differ significantly (p < 0.05).
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Zn + Vit E groups. In Zn + Vit E-fed group, IgG

decreasing level was lower towards calving followed

by Vit E, Zn and control groups. IgG was positively

correlated with Zn (p < 0.01, r = 0.559) and Vit E

(p < 0.01, r = 0.652).

In all four groups, pre-calving plasma IL-2 level was

higher (p < 0.05) than at post-calving. However, in

Zn + Vit E group, pre- and post-calving plasma IL-2

level was higher than in control, Zn and Vit E groups

(Table 2). Plasma IL-2 began to decrease steadily from

30 days pre-partum and reached lowest on 3 days

post-calving in all four respective groups (Fig. 3).

Decreasing plasma IL-2 level was lower (p < 0.05) in

Zn + Vit E group cows with respect to other three

groups (Fig. 3). Interleukin-2 was positively corre-

lated with IgG (p < 0.01, r = 0.664), Zn (p < 0.01,

r = 0.587) and Vit E (p < 0.01, r = 0.599).

Pre-calving plasma Vit E showed significant (p <

0.05) different values than ones observed at post-

calving in control, Zn and Vit E groups, whereas

pre- and post-calving plasma Vit E was nearly simi-

lar in Zn + Vit E group (Table 2). Plasma Vit E

concentrations were higher (p < 0.05) in Vit E

and Zn + Vit E groups than in non-supplemented

or only Zn-fed cows on all days of peripartum

except days �60 and �45. The plasma Vit E level
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continued to decrease substantially till calving (day

0) in all the groups. However, this decline was

lower (p < 0.05) towards parturition in Vit E and

Zn + Vit E groups (Fig. 4).

Similar to Vit E, plasma Zn levels were also

decreased towards calving and they were lowest

(p < 0.05) on 3 days post-partum in all the four

groups (Fig. 5). Pattern of decreasing Zn plasma level

was lower (p < 0.05) towards calving in Zn and

Zn + Vit E groups in comparison with control and Vit

E groups. Pre- and post-calving plasma Zn levels were

higher in Zn and Zn + Vit E groups than in control

and Vit E-fed animals (Table 2).

The overall value of milk yield was observed higher

(p < 0.05) in Zn + Vit E group (8.57 � 0.67 kg) in

comparison with its level in control (6.86 � 0.69 kg),

Zn (7.75 � 0.63 kg) and Vit E (7.78 � 0.69 kg)

groups. Overall milk yield increased by 13%, 13.4%

and 24.9% in Zn, Vit E and Zn + Vit E groups, respec-

tively, in comparison with control.

We observed symptoms of diseases in the control

and experimental animals, that is, mastitis, retained

foetal membrane and post-partum metritis. The num-

ber of mastitis cases was 4, 1, 0 and 0; retained foetal

membrane was 4, 1, 1 and 0; and post-partum metritis

cases was 4, 1, 1 and 0 in the control, zinc (Zn),
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vitamin E (Vit E) and zinc + vitamin E (Zn + Vit E)

groups respectively.

Discussion

In the present experiment, DMI decreased around

parturition due to significant (p < 0.05) increase in

oxidative stress around calving as also observed by Ca-

stillo et al. (2005) and Grummer et al. (2004). DMI

increased (p < 0.05) in Vit E-supplemented group in

comparison with non-supplemented group during

periparturient period (Chandra and Aggarwal, 2009).

In the present study, investigated immunological

parameters (total plasma immunoglobulin, IgG and

interleukin-2) decreased towards calving, but this

decline was lower in Zn- and Vit E-supplemented Sa-

hiwal cows. Decreased plasma TIG concentrations

observed in this study were in agreement with previ-

ous reports in dairy cattle (Chandra and Aggarwal,

2009; Maurya, 2011). Conversely, Politis et al. (2004)

reported that 3000 IU pre-partum and 1000 post-par-

tum Vit E supplementation improved bovine leuko-

cyte function and stimulated the production of

immunoglobulin. Suppressed immune response dur-

ing peripartum period is responsible for increased sus-

ceptibility of cows to infectious diseases (Chandra and

Aggarwal, 2009; Maurya, 2011). This may partly be

due to a decrease in plasma concentrations of antioxi-

dants nutrients, that is, vitamins A and E, and Zn dur-

ing transition period (Johnston and Chew, 1984; Goff

and Stabel, 1990; Meglia et al., 2004; Chandra and

Aggarwal, 2009).

Results of present findings on decreased plasma IgG

concentration around calving are in consistent with

findings of Herr et al. (2011) and of Maurya (2011).

Decreased plasma IgG levels might be due to reduced

antibody secretion by B cells (Detilleux et al., 1995)

and increased lacteal IgG excretion in colostrum (Van

Kampen and Mallard, 1997). In the present findings,

we documented a significant decrease in plasma IgG

in the early post-calving period, which might be due

to decreased circulating plasma Zn and Vit E concen-

trations. This result is in line with those from previous

studies (Chatterjee et al., 2003; Maurya, 2011).

There were no earlier reports regarding changes in

circulating IL-2 levels in dairy cows during peripartum

period. In the present study, post-calving plasma IL-2

concentration was lower in comparison with pre-calv-

ing IL-2 concentration. IL-2 production decreased

towards parturition, which might be due to the

decreased production by Th1 cytokines (Delassus

et al., 1994). Along with other factors, reduced circu-

lating plasma concentration of IL-2 is responsible for

lowered cell-mediated immunity. The changes in

immune status develop in parallel with increased

plasma corticosteroid levels as well as increases in oes-

trogen and progesterone. Corticosteroids are also

known to suppress cell-mediated immune responses

by suppressing the production of Th1 cytokines, IFN-c
and IL-2 (Vacca et al., 1992). Reduced production of

IFN-c and IL-2 during peripartum period is also

responsible for suppressed Th1 immune responses

(Sordillo et al., 1991; Shafer-Weaver and Sordillo,

1997).

In the present experiment, findings on increased

plasma concentration of IL-2 in Zn-supplemented

cows are in agreement with findings of Prasad et al.

(2002); Kaltenberg et al. (2010) in humans. Zn is also

needed for the maintenance of lymphocyte replication

and antibody production. Therefore, insufficient Zn

plasma concentrations during periparturient period

impaired immune response by suppressing lympho-

cyte proliferation and IL-2 secretion (Pinna et al.,

2002). Similar to the increased level of IL-2 in Zn-fed

cows, Vit E-supplemented groups also have increased

plasma IL-2 levels, which is in consistent with the

findings of Meydani et al. (1990) and Moriguchi and

Itoh (1997) in humans. They concluded that dietary

Vit E supplementation stimulates the production of

IL-2 by thymocytes, which might be due to inhibiting

production prostaglandin E2 (PGE2).

Findings of the present study show positive correla-

tions between plasma IgG, Zn and Vit E concentra-

tions. A similar correlation between the concentration

of plasma IgG and plasma Zn was found by Prasad

et al. (1993). Zn supplementation restored the normal

level of Zn in lymphocytes and neutrophils but also

improved numbers of circulating T lymphocytes and

IgG (Cossack, 1989; Prasad et al., 1993) in humans.

Dietary Vit E supplementation increased lymphocyte

proliferation (Garber et al., 1996) and IgG production

(Cao et al., 1992). Similar to IgG, plasma IL-2 concen-

tration was also positively correlated with plasma Vit

E and Zn levels. This is in agreement with the findings

of Meydani et al. (1990) and Kaltenberg et al. (2010)

in humans. This might be due to the increased pro-

duction of IL-2 in dietary Zn- and Vit E-fed peripar-

tum Sahiwal cows.

In accordance with other studies (Goff and Stabel,

1990; Chandra and Aggarwal, 2009; Bouwstra et al.,

2010; Maurya, 2011), plasma Vit E decreases as partu-

rition approaches and remains low for several days

after parturition. Decreased plasma Vit E concentra-

tion after calving is mainly due to reduced dietary Vit

E intake and their losses via colostrum (Goff and

Stabel, 1990). However, the decline at calving may
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also be explained by a decreased plasma lipoprotein

concentration (Herdt and Stowe, 1991). Similar to the

present findings, various other workers (Politis et al.,

1996; Weiss, 2002) also reported beneficial effect of

dietary Vit E supplementation on plasma Vit E levels

and enhanced immune function during parturition.

The significant drop in plasma Zn concentration at

calving (Meglia et al., 2001, 2004) is most likely a

consequence of colostrum formation (Goff and Stabel,

1990), parturition stress and acute phase response due

to inflammatory reactions in the uterus.

Stress induces synthesis of metallothionein, a pro-

tein associated with Zn distribution. As a conse-

quence, Zn is redistributed from blood to other tissues

(Xin et al., 1993). In support to other studies (Camp-

bell and Miller, 1998; Maurya, 2011), the concentra-

tions of plasma Zn were higher in Zn and Zn + Vit E

groups than in non-supplemented control and Vit E

groups.

In the present experiment, the milk yield was found

to be higher in Zn + Vit E group followed by Vit E, Zn

and control groups, indicating that Vit E and Zn

supplementation increased the milk yield. This was

attributed to an increase in DMI in Vit E- and Zn-

supplemented groups (Maurya, 2011). As Griffiths

et al. (2007) showed, supplementing cows with 529

CTM (providing daily 360 mg Zn, 200 mg Mn,

125 mg Cu as amino acid complexes and 12 mg cobalt

(Co) from Co glucoheptonate) resulted in a 6.3%

increase in milk production. Increase in milk produc-

tion might be partially attributed to the role of Zn in

the cell division and protein synthesis, as increasing

Zn can improve integrity of epithelial tissue, such as

teats and udder tissue (Sobhanirad et al., 2010).

In conclusion, plasma levels of TIG, IgG, IL-2, Vit E

and Zn decreased as the day of calving advances. Die-

tary supplementation of vitamin E and Zn improved

immune response in peripartum Sahiwal cows by

increasing the production of TIG, IgG and IL-2. Die-

tary Zn and vitamin E supplementation maintained

plasma concentration of Vit E and Zn. It also reduces

the number of mastitis, retained foetal membrane and

post-partum metritis cases in experimental animals as

compared to control. Therefore, dietary supplemen-

tation of Zn and vitamin E during peripartum

period helps to improve immune and health status of

animals.
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