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            Chapter-I 

INTRODUCTION 

Cattle occupy a unique role in human history, having been domesticated since at least 

the early Neolithic age. Archeozoological and genetic data indicate that cattle were first 

domesticated from wild aurochs (Bos primigenius) approximately 10,500 years ago. They must 

have been very valuable to early human settlements, for they quickly became ubiquitous across 

world cultures and are considered the oldest form of wealth. Cattle are dual-purpose animals, 

raised for both milk and draught purposes. 

India has livestock population of 512.05 million, out of which the cattle population is 

approximately 190.9 million (19th Indian livestock census, 2012). India ranks first among the 

world’s milk producing nations since 1998 and has the largest bovine population in the world. 

However as per the FAO statistics, 2011; the per cow milk production in India averaged at 1169 

kg/year which amounts to only 12% of the same for USA, which stands highest at 9678 kg/year. 

In India, animal husbandry is not merely a subsidiary to agriculture but it is a major activity 

which plays a vital role in livelihood, employment, economy, food security, nutrition and 

contributes to balanced growth, gender equality and in reducing rural poverty. Livestock sector 

contributes approximately 4.11% to Indian GDP. 

The major cause of low average milk yield per animal is higher number of non-

producing cattle. These non-productive animals share the already scarce feed, fodder, water and 

other resources and are burden to the farmer. Through intensive efforts and proper use of 

synchronization technique and available resources they can be turned into productive ones. 



Infertility is the diminished or absent capacity to produce viable offspring. There are many 

causes of infertility in cattle. If pregnancy/calving rates are below the optimum level it becomes 

imperative to find out the cause. 

Bovine fertility is affected by nutritional and non nutritional factors. The non nutritional 

factors include micro-climate of the stable, lay-out of the stable, hygiene and genetic 

manipulations. 

Severe underfeeding or overfeeding may cause irregularity of the oestrous cycle and 

thus affect conception and may lead to higher incidence of dystocia. The most direct 

relationship between nutrition and fertility exist in the first three months of lactation when the 

energy demand of the high-producing dairy cow becomes increasingly difficult to sustain. 

Energy deficiency leads to delayed or silent heat and if conception occurs, placental 

development is affected and may cause abortion. Protein deficiency on the other hand may 

disturb hormone metabolism and hence fertility, although reduction in milk production is the 

first indication and fertility becomes secondary. 

 The most common cause of infertility in cattle is poor nutrition (Navarre et al., 2010). 

Minerals have a great impact on animal's reproductive physiology. Their imbalance causes 

various problems leading to lowered reproductive efficiency and resultant monetary loss to the 

dairy industry. Adequate micro minerals supplementation is required as most of the roughages, 

greens, concentrates and even most of commercial feeds available to Indian market are deficient 

in trace mineral elements. Often, correcting an imbalance in mineral levels can solve the 

nagging problem of infertility by improving reproductive performance and health with little 

additional cost. (Kumar et al., 2011) 

In addition to energy and proteins, minerals have a significant effect on fertility. 

Deficiency of either calcium or  phosphorus or a wide calcium : phosphorus ratio or deficiency 

of sodium leads to irregularity of oestrous, silent heat or cessation of the cycle. The trace 

elements implicated directly with bovine fertility are copper, cobalt, zinc, manganese, iodine, 

and selenium. In addition vitamins A, E and have also been shown to influence fertility 

performance. 



These vitamins are added in feeds as preformed vitamins except for vitamin which is 

synthesized by rumen microorganisms from dietary cobalt. Each of these vitamins is involved 

in a number of varied metabolic and physiological functions. Thus vitamin A is important in 

maintenance of the integrity of the epithelial membranes, while vitamin E is an important 

biological antioxidant. Vitamin E is also involved in synthesis of gonadotrophins, while vitamin 

B12 is involved in energy metabolism in the ruminant animal. 

The main source of vitamin A for ruminants is B-carotene which is available in abundant 

quantities from green foliage. In the intestinal mucosa, B-carotene is converted to vitamin A. 

The importance of B-carotene had been viewed solely as a source of vitamin A until 1955. 

Since then, stabilized vitamin A has become available for use in animal feeds and research has 

extended into the comparison between vitamin A and B-carotene. It was not until the 1970s that 

B-carotene was suspected to have effects independent of its role as a vitamin A precursor in 

bovine reproduction. 

Beta carotene is important for oestradiol synthesis, stimulation of progesterone 

synthesis and scavenging of free radicals during hormone production. Beta-carotene is a 

precursor for vitamin A and the importance of beta-carotene in bovine reproduction is 

equivocal. Recent investigations of beta-carotene and vitamin A have focused on ovarian 

function especially on luteal development, progesterone production and fertility. Its deficiency 

resulted in extended duration of oestrus, delayed ovulation, retarded development of corpus 

luteum and a higher incidence of ovarian cysts which led to low conception rates and abortions 

in early pregnancy. (Jukola et al., 1996). Plasma beta-carotene concentrations during the 

peripartum period may affect ovulation in the first follicular wave postpartum in dairy cows 

(Kawashima et al., 2009). Ovulation and pregnancy require high concentration levels of vitamin 

A in the follicle/CL. Only beta-carotene plasma levels can modulate or determine Vitamin A 

concentration in the follicle/follicular fluid. Beta-carotene supplementation improves 

reproduction (Akar et al., 2006) and milk yield parameters (Arechiga et al., 1998). 

The various nutritive factors that also adversely affect the oestrus cycle include nutritive 

deficiencies of calcium, phosphorus, copper, manganese, zinc, iron, total protein, cholesterol 

etc.  



Modie (1965) described the role of calcium in sensitising the tabular genetalia for the action of 

hormones. A very high percentage of calcium and phosphorus is located in the bone and most 

of these minerals can be mobilized when needed for use in the metabolic events of body tissue. 

Calcium and phosphorus are closely related to many metabolic events in the body Jacobson et 

al. 1972). 

The usual symptoms of phosphorus deficiency are delayed onset of puberty in heifers 

and failure of oestrus in cows (Roberts, 1971). Bhaskaran and Abdulla Khan (1981) reported 

that marginal deficiency of phosphorus is sufficient to cause disturbance in pituitary ovarian 

axis without manifestation of deficiency. 

Low serum copper level in cows and heifers, result In suppression of oestrus and oestrus 

cycle (Sane et al. 1958). There seems to be an interaction between estrogen and copper (Turpin 

et al., 1951). Delayed or depressed oestrus has also been encountered in cattle grazing on copper 

deficient pasture (Allcroft et al. 1949). 

Lack of manganese inhibits the synthesis of cholesterol and its precursors. This in turn 

limits the synthesis of sex hormones and possibly other sex steroids with consequent infertility 

(Daisey, 1972). 

Zinc deficiency causes abnormal oestrus and cystic degeneration of the ovaries. Zinc 

enhances the actions of FSH and LH (Church, 1979) 

Iron deficiency results in or are' complicated by anaemia, debility lack of appetite and 

consequently a reduce intake of feed. As with cobalt deficiency, a secondary inanition, a failure 

of oestrum and delayed onset of puberty occur. Protein helps in maintenance of osmotic 

pressure, synthesis of several hormones and absorption including transport of organic and 

inorganic constituents of body. Protein is an essential component for both dam and growing 

foetus (West and Todd, 1967). 

Cholesterol being the precursor of steroid hormones is expected to vary in postpartum 

period. (Jadhav et ai. 1977). The cholesterol level is directly related with dietary energy intake. 

Velhankar (1973) reported that high level of dietary energy revealed higher cholesterol content 

and better reproductive performances. Hancock (1948) obtained induced ovulatory oestrus in 



73.7 per cent of the treated cases with varying dilution of Jugol's solution as intrauterine 

infusion. 

Thus, the objective of the present study was to examine the effects of beta carotene and 

nutritive minerals on infertility of cross bred cows using feeding experiments and to provide 

useful evidence supporting the application of beta carotene in the diets of cross bred cows. 

Experimental procedures were approved by the department of animal husbandry & dairying, 

IAS, Banaras Hindu University, Varanasi (Uttar Pradesh). 

The study was conducted in a parity, body weight (BW, 400 ± 50 kg) were divided into 

two groups with 12 replicates in each group. The experiment includes two treatments: one is 

5.0 g/day of β-carotene (50 g/day of Rovimix, containing 10% β-carotene, DSM Nutritional 

Products) and other is control. Beta-carotene was mixed with wheat bran in a cup and top 

dressed to individual treatment cows on the feed offered in the morning, and control cattle 

received nothing. The intake of β-carotene was observed visually. Data are recorded for the 12 

replicates that received the treatments for 45 days i.e. 1st April to 15th May. 

The present investigation entitled “The Effect of β- Carotene Incorporated Mineral-

Vitamin Premix on Amelioration of Infertility in Crossbred Cattle” was initiated with the 

following objectives in crossbred herd in dairy farm. 

1) To study the effect of β-carotene incorporated mineral-vitamin premix on infertility 

in infertile crossbred cattle of B.H.U. dairy farm. 

2) Blood mineral (Ca, P, Cu, Mn, Zn, Fe) status before and after treatment in crossbred 

cattle of B.H.U. dairy farm. 

3) Serum biochemical (Total protein, Cholesterol) status before and after treatment in 

crossbred cattle of B.H.U. dairy farm. 

 

 

    

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

        

   

Chapter II 

REVIEW OF LITERATURE 

The present investigation “The Effect of β- Carotene Incorporated Mineral-

Vitamin Premix on Amelioration of Infertility in Crossbred Cattle” relates to study 

the effect of β-carotene incorporated mineral-vitamin premix on infertility, Blood mineral (Ca, 

P, Cu, Mn, Zn, Fe) status and Serum biochemical (Total protein, Cholesterol) status before and 

after treatment in cross bred cattle. Knowledge about the previous works done is necessary 

to get an idea about the relevance and the prospects of the work to be done. A review of 

work conducted in cattle, in following aspects and other related studies is presented here under: 

Hemken and Bremel (1982) reported that reproductive performance in cattle was 

improved with dietary supplementation with vitamin A. The active form of vitamin A for 



reproduction in rats and other species has not been determined; however, vitamin A does 

meet the reproductive requirements. The ruminant animal does have differences in 

carotene metabolism from the rat. Before the role off or reproduction in cattle can be 

clarified, the specific function of carotene or the specific form of vitamin A for reproduction 

needs to be determined. There is improvement in conception rate, intensity of estrus, and 

changes in luteinizing hormone patterns when cattle received supplementation of low 

carotene diets. These diets were supplemented with vitamin A. 

Bindas et al.(1984) conducted study on seventy-eight recently calved Holstein  

cows to receives beta carotene supplementation or act as controls to determine effects of on 

beta carotene reproduction and carotene, luteinizing hormone, progesterone, insulin, 

glucose, and glucagon concentrations in blood plasma. Cows were fed a corn silage-based 

complete ration. At day 30, supplemented cows received 600 mg synthetic beta carotene 

daily for 60 days. Plasma carotene reached a peak of 2.45 micrograms/ml compared to 

1.50 micrograms/ml in controls. Progesterone increased as lactation progressed. Somatic 

cells were not different between supplemented and control cows. Supplementation of beta-

carotene did not improve reproductive efficiency or alter luteinizing hormone, 

progesterone, insulin, glucose, or glucagon in blood plasma or affect somatic cells in milk.  

Rakesh et al. (1985) conducted study on thirty-six Holstein cows fed a corn silage-

based ration and thirty-four fed an alfalfa-grass silage-based ration were assigned 

according to calving date to receive either 300 mg/head per day of synthetic in a gelatin 

capsule or an empty gelatin capsule daily for the first 100 days postpartum. Supplemental 

vitamin A was provided at 3919 IU/kg of ration dry matter. Cervix diameters for cows 

supplemented with beta carotene were smaller at 21 days and 28 days postpartum. Days 

from parturition to first observed estrus were less when beta carotene was added and less 

when corn silage was Means of other reproductive traits were more favorable for cows 

treated with beta carotene (fewer services per conception and shorter intervals between 

parturition and conception). No effects of roughage or beta-carotene on milk production 

or milk fat percentages were significant. 

Chew et al. (1993) stated that many advances have been made in understanding the 

many diverse roles of vitamin (retinoids). Among these are the critical roles that vitamin A 



plays in regulating reproduction in both the male and female. The identification of retinol-

binding proteins produced by the pig uterus and concepts marks an exciting this aspect of 

carotenoid function event. It will be pivotal to future efforts in elucidating the mechanism 

by which retinoids regulate concepts development and steroidogenesis. However, 

relatively little is known of the possible direct role played by its provitamin, beta carotene, 

in controlling reproduction in the pig. However, future research likely will address. 

Arechiga et al. (1998) conducted study was tested the efficacy of timed artificial 

insemination (AI) and beta-carotene supplementation for improvement of reproduction. 

Experiments 1 and 2 were conducted during months, and experiment 3 was conducted 

during cool months. Cows were fed rations supplemented with at 0 or 400 mg/d per cow 

for > or = 15 d before the first AI. Cows were inseminated at each observed estrus after 70 

d (Experiment 1) or at 50 d postpartum (Experiments 2 and 3) or were included in a timed 

AI program d 0 ((i.e., approximately 40 or 60 d postpartum), 8 µg of GnRH agonist; d 7, 25 

mg of PGF2α d 9, 8 micrograms of GnRH agonist; d 10, AI) for first breeding. Pregnancy 

rate at first AI was similar among groups, but the percentage of cows that were pregnant 

by 90 d postpartum was greater for cows in the timed AI group in Experiments 1 (16.6% 

vs. 9.8%) and 2 (34.3% vs. 14.3%) but not in Experiment 3 (24.1% vs. 28.7%). Overall, 

beta- carotene had no effect on reproductive function. For cows fed supplemental for > or 

= 90 d, however, pregnancy rate at 120 d postpartum was increased in Experiment 1 

(35.4% vs. 21.1%). In conclusion, timed A.I. can improve pregnancy rates during periods 

of heat stress.  

Maurice and Lonergan (2003) documented that energy status is generally 

considered to be the major nutritional factor that influences reproductive processes, with 

prolonged low energy intake impairing fertility. In cattle, a strong correlation between 

negative energy balance in early lactation and resumption of ovulation postpartum is 

evident. While ovulation may not occur in animals on low dietary intakes, follicle growth 

and atresia will occur. The practical significance of this occurrence is a lengthening of the 

calving to first ovulation interval, and often an extension of the calving to conception 

interval. These effects, however, are not immediately evident and dietary restriction for 

several months may be required to prevent follicle growth and ovulation. On the other 

hand, including supplementary fats in inadequate diets, results in increased concentrations 



of LH. 

Larson (2005) reported that the role of trace minerals in animal production is an 

area of strong interest for producers, feed manufactures, veterinarians and scientists. As 

animal trace mineral status declines immunity and enzyme functions are compromised 

first, followed by a reduction in maximum growth and fertility, and finally normal growth 

and fertility decrease prior to evidence of clinical deficiency. In order to maintain animals 

in adequate trace mineral status, balanced intake and absorption are necessary. 

Akar and Gazioglu (2006) reported that in cows with retained placenta, serum vitamin 

A values were significantly lower in the 2nd  week  after  parturition when compared with the 

other weeks. In the control group,  the values were significantly higher the 6th week than those 

in the 2nd and  4th weeks. The calving to the first oestrus and calving  to  conception  intervals 

were considerably longer in the retained placenta group. They concluded that poor fertility 

parameters in cows with retained placenta, as compared to the control group, could relate to 

the low content of vitamin A  and  especially  serum beta carotene. 

Alosilla et al. (2007) conducted an experiment to evaluate the bioavailability of five 

sources of vitamin A. Fifty three yearling Angus Brahman cattle, consisting of 39 steers 

and 14 heifers, were stratified by BW and sex and randomly assigned to 6 high-concentrate 

diet groups receiving no vitamin A supplementation (control) or vitamin A supplemented 

from the following sources: Microvit A (Adisseo, Acworth, GA), Rovamix A (DSM, 

Parsippany, NJ), Sunvit A, Lutavit A, and Microvit A DLC (Adisseo). At all collection 

times, Microvit A led to numerically, but not significantly, greater concentrations of 

retinol in liver than did all other treatments. However, at the end of the experiment, there 

was no significant difference in liver retinol concentration among Microvit A, Rovamix 

A, Lutavit A, and Microvit A DLC diets. 

Ceylan et al. (2008) reported on serum Ca, P, Mg, Zn, and Cu concentrations in 

cows affected with reproductive disorders. The mean concentration of Ca in cows with 

repeat breeding was found to be significantly higher (P<0.01) than that in the control and 

anoestrous group. The P concentration in cows with repeat breeding and anoestrus was 

significantly lower (P<0.01) than in the control group. As the etiology of the reproductive 

diseases is very broad, even a slight decrease in serum levels of Zn and Cu may induce or 



predispose animals to repeat breeding and anoestrus. In the light of these findings, the 

rations of animals with reproductive disorders are recommended to be supplemented with 

Zn, Cu, and P. 

Kawashima et al. (2009) reported that beta-carotene functions independently of 

vitamin A in the reproductive performance of dairy cows. The concentrations of beta-

carotene in plasma decrease during the dry period, and reach a nadir in about the first week 

postpartum. They used 22 multiparous Holstein cows, which were fed a total mixed ration 

consisting of grass, corn silage and concentrate, and collected blood samples for beta- 

carotene and progesterone analysis from week 3 prepartum to week 3 postpartum when 

the period of day 0-6 after parturition was regarded as the parturient week (week 0). 

Plasma beta-carotene concentrations at week 3 prepartum were greater in ovulatory cows 

(2.97+/-0.24 mg/L) than in anovulatory cows (1.53+/-0.14 mg/L; P<0.001), after that its 

concentrations in ovulatory cows decreased and reached the lowest level at week 1 

postpartum, although its concentrations in anovulatory cows remained unchanged. No 

differences in plasma beta-carotene concentrations between the two groups were observed 

postpartum. 

Ondarza et al. (2009) conducted a study in well-managed, high- producing 

commercial dairy herd to test the impact of supplementing beta- carotene (425 mg/d per 

cow) to lactating multiparous Holstein cows with normally low serum beta-carotene (<3 

µg/mL). Overall pregnancy rate was unaffected by treatment, but after 105 d of beta-

carotene supplementation, pregnancy rate was 22% for beta-carotene-supplemented cows 

compared with 11% for control cows. 

Kumar et al. (2011) reported that micro minerals have a great impact on animal's 

reproductive physiology and its imbalance causes various problems leading to lowered 

reproductive efficiency and resultant monetary loss to the dairy industry. Adequate micro 

minerals supplementation is required as most of the roughages, greens, concentrates and 

even most of commercial feeds available to Indian market are deficient in trace mineral 

elements. As terrain and agro climatic area of India is quite diverse, so one therapeutic 

treatment may not be suitable for other regions. Hence there is a need to map of the various 

nutrient statuses in soil, fodder and animal, so that accordingly an area specific mineral 



may be supplemented. 

Spears (2011) reported deficiencies of many minerals and vitamins required by 

cattle can result in metabolic disorders that impair animal health. Nutrient deficiencies 

during pregnancy in cows often result in metabolic disorders and increased mortality in 

their calves. Assuring adequate trace mineral and vitamin status is critical for optimizing 

the immune response during the transition period. 

AY et al. (2012) conducted this study examined the effects of beta carotene injections 

before estrus synchronization with PGF2α on fertility parameters in cows. A total of 124 

postpartum (pp) cows were used. In GI (n=25), (Carofertin, 0.4 mg/kg BW, I/M) was injected 

on d 15 and 45 post partum. In GII (n=25), was administered on d 15 post partum. In GIII 

(n=25), was administered on d 45 post partum. In GIV (n=25), was  injected on d 35  and 45 

post partum. GV (n=24) was set aside as a control group. Positive correlation between the 

serum concentrations of at insemination and at day 7 of the luteal phase and the 

concentrations of progesterone and the conception rate, lead to a conclusion that peri-

ovulatory and vitamin A supplementation could improve follicular growth and 

development of the corpora luteal in cows with fertility impairment. 

Amin (2013) conducted a study on the relationship between nutrition and 

reproduction it is a topic of increasing importance and concern among dairy producers, 

veterinarians, feed dealers and extension workers. Nutritional deficiencies cause various 

reproductive problems. Progress in improving the fertility of domestic animals has been 

achieved by studying genetic, nutritional, endocrine, disease and managemental factors 

as they contribute to both fertilization failure and embryo mortality. 

Yasothai et al. (2014) reported that cow requirements for minerals are influenced 

by several factors including age, stage of pregnancy and stage of lactation. Trace mineral 

absorption and use performs an essential role in dairy cow reproduction and hoof health. 

The trace minerals play critical roles in the proper functioning of enzymes, hormones and 

cells. Deficiencies can, and often do, result in less-than-optimal performance and lost 

opportunity cost. 

Lotfollahzadeh and Golctin (2016) conducted a study to evaluate the effect of 



intramuscular administration of vitamin A during dry period in pregnant dairy cows which 

have already received it in their daily ration on vitamin A status of neonatal calves. Single 

intramuscular injection of 2000000 IU vitamin A was carried in 10 dairy cows at 7 months 

of pregnancy (group 1) and in another 10 dairy cows at 8 months of pregnancy (group 2). 

Ten pregnant dairy cows received saline injection as placebo and were selected as the 

control group Daily supplementation of vitamin A in late pregnancy in dairy cows may 

not compensate for the calves need for vitamin A and single injection of this vitamin A 

during dry period either in 7 or 8 month of pregnancy can significantly increase level of 

vitamin A in their neonatal calves. 

Metabolism and function of B-carotene 

B-carotene metabolism 

Glover,(1960) and Sharma et al.(1977) discussed the various pathways in which 

carotenoids might be converted to vitamin A as shown in Figure 1. These researchers indicated 

that two primary oxidative reactions might occur, one at the central 15,15' double bond (central 

cleavage) and the other at one or more of the other double bonds (excentric cleavage). The 

central cleavage yields two molecules of vitamin A while excentric cleavage yields one short 

and one long 8-apo-carotenal, such as cyclocitral and B-apo-8'- carotenal. Ganguly and Sastry, 

(1985), and Villard and Bates,(1986) confirmed earlier reports by Bendich,(1987) and Olson, 

(1969) that B-carotenoid 15,15'-dioxygenase is the enzyme responsible for central cleavage of 

B-carotene. This enzyme has been partly purified and characterized from intestinal mucosa of 

various animal species. 

 

The enzyme catalyzing excentric cleavage has however not been characterized, though 

Juttner and Hoflacher, (1985) demonstrated the stoichiometric conversion of B-carotene to B-

apo-carotenal. This cleavage is known to occur in microorganisms, plants, and also in humans 

(Ganguly and Sastry, 1985 and Villard and Bates, 1986). 

Olson, (1989) postulated that experimental data as well as theoretical arguments tend 

to favour the central cleavage mechanism. Conversion of carotene to vitamin A occurs in the 

intestinal wall and also in the liver.In theory one molecule of B-carotene should form, on 



hydrolysis two molecules of vitamin A. The efficiency of conversion is however rarely as high 

as this and in addition carotenes are not absorbed from the gut as efficiently as Vitamin A 

(Olson, 1989). The Agricultural Research Council, (1978,1980) states that 6pg, l-4pg, and 5-

8pg of B-carotene in the diet are equivalent to 1m9 of vitamin A alcohol in pig, poultry, and 

ruminants, respectively while NRC, (1978) and Lotthammer, (1979) considered 1 mg of B-

carotene to be equivalent to 400 IU of vitamin A in cattle. 

Factors affecting conversion of B-carotene to vitamin A 

Olson, (1989) managed to partly purify the enzyme B-carotenoid 15,15' dioxygenase 

from the intestines and other organs of several unnamed species. This enzyme was 

demonstrated to require molecular oxygen. This author further reported that the enzyme was 

inhibited by sulphydryl-binding reagents and ferrous ion chelating agents and had a pH 

optimum of between 7.5-8.5. Activity of 0-carotenoid 15,15' dioxygenase of the intestine is 

also affected by both the protein content of the diet and vitamin A status of the animal. 

Various researchers have reported that high supplementation with vitamin A has a 

depressing effect on the conversion of 0-carotene to vitamin A (Kalyanakrishnan, et al. 1951 

and Wise, et al. 1947), and as such more 0-carotene is saved for other functions. Thompson, 

(1975) stated that once a 0-carotene molecule has been split or terminally catabolized, it could 

not be resynthesized again. For this reason it might be desirable to keep the amount of 0-

carotene which is converted into vitamin A to a minimum by ensuring that the daily ration 

supplied optimum amounts of vitamin A. Villard and Bates, (1986) and Grownowska-

Sengerand Wolf, (1970) found that B-carotenoid 15, 15' dioxygenase activity in vitamin A-

sufficient rats is 50% that in vitamin A depleted rats which suggests a homeostatic control 

mechanism for carotenoid cleavage. These researchers also suggested that the dietary 

carotenoids may induce activity of the intestinal enzyme. Grownowska- Senger and Wolf, 

(1970) also reported that the activity of the intestinal enzyme is depressed by approximately 

50% in rats receiving low (5%)15  protein diets. Kamath and Arnrich, (1973) reported that the 

effects of high protein intake did not give consistent results. In one study however, appear- 

ance of retinyl esters from 8-carotene in the intestine and liver of rats fed a 40% protein diet 

was twice that of rats fed a 10% protein diet. Another factor, quoted by NRC (1978), affecting 

conversion ratio is biological source of the carotene. Meinecke, et al. (1986) found that B-



carotene given as an intramuscular injection is utilized immediately by the body and not stored 

as Vitamin A. They observed that B-carotene was rapidly absorbed and metabolized with a 

half-life of about four hours. 

Thompson, (1975) reported a considerable variation in the efficiency of converting B-

carotene to vitamin A by different species. Goodman et al. (1966) and Blomstrand and Werner 

(1967) reported that approximately 15% of B-carotene is absorbed unchanged in cattle, horses, 

and humans, while in most other species, dietary B-carotene is largely converted to vitamin A 

before absorption (Ribaya-Mercado et al. 1989). They further reported absence of B-carotene 

in blood plasma of guinea pigs and rabbits. 

Physiological functions of vitamin A  

Besides the well known functions of vitamin A in the visual process, vitamin A is also 

known to have many systematic effects on various physiological processes including growth, 

embryonic development, fertility, haemopoiesis, immune response, epithelial cell 

differentiation, synthesis of corticosterone, prophylaxis of neoplasms and bone development. 

On epithelial cell differentiation, deficiency affects the major barrier to infection in the 

bronchial, gastrointestinal, urinary and other epithelia. Weakening of these barriers by 

keratinizing metaplasia is probably the mechanism as a result of which the incidence, severity 

and duration of various infections are increased (World Health Organization, 1982). 

Physiological function of B-carotene 

B-carotene can be said to have all the functions of vitamin A. However this is indirect 

as it has to be converted by a dioxygenase to vitamin A. In addition, work done in Germany 

Meyer et al. (1975), Lotthammer et al. (1976), Lotthammer and Ahlswede (1977), Schams et 

al.  (1977 ) and Ahlswede and Lotthammer (1978) indicated that B-carotene has specific 

functions of its own independent of vitamin A. These include wound healing, avoidance of 

mastitis, anti-carcinogenic, growth promoter, metabolism (activation of the thyroid), and 

influence on butterfat content in milk. Of the functions shared by both vitamin A and B-

carotene, the major ones being fertility and immune response, the latter has been found to be 

more potent. 

Speculated mode of action of B-carotene in influencing reproduction 



Very little is known yet about the non-vitamin a related mode of action of B-carotene. 

However in recent years various hypotheses have been put forward which may partly explain 

the physiological mechanisms. It has been thought for some time that the ability of the corpus 

luteum to synthesise progesterone depends on its B-carotene supplies (schultz et al. 1973), 

Jackson (1981) and Meinecke et al. (1984) showed that the synthesis of steroid hormones by 

the ovaries is reduced in cows with low plasma B-carotene levels. Lotthammer et al. (1978) 

found a positive correlation between cholesterol levels and B-carotene concentration. Many of 

the symptoms occurring with low plasma B-carotene levels can be explained in the light of the 

intricate interrelationship between reproductive hormones and reduced synthesis of these 

hormones in 6-carotene deficiency. Moreover, Schweigert et al. (1986) found that the 

intrafollicular vitamin A concentration depends on B-carotene in plasma and is correlated with 

follicle quality, follicle size, and intrafollicular oestradiol-17B. These findings further confirm 

the independent role of B-carotene in ovulation, and more generally, to the fertility of dairy 

cows. Kovanen et al. (1979), suggested that since the low-density- lipoprotein associated 

cholesterol fraction in blood is the main substrate unit for ovarian production of steroid 

hormones, B-carotene could thus affect hormone synthesis through the metabolism of 

cholesterol. Jackson, (1982) postulated the theoretical sites for such action to be: 

1) In the liver by facilitating production of cholesterol from cholesterol ester. 

2) In the blood by acting as cholesterol "transport" agent. 

3) In the ovary by assisting the uptake of cholesterol and/or by facilitating the production of 

progesterone. 

4) At the gonads during steroidogenesis as an anti-oxidant.  

The hypothesis and speculations in this area must never the less be left open in the absence 

of definitive proof but it is a fact that bovine fertility is better (Rensburg and Des vos, 1962), 

plasma cholesterol levels higher (Sinha et al. 1981), and return to cyclicity post-partum 

quicker (Peters and Riley, 1982), during seasons when plenty of green forage is available. 

However, these researchers suggest that it is important to differentiate between a possible B-

carotene nutritional effect from those of day length, temperature and other nutritional factors, 

which require detailed and lengthy field studies supported by in vitro laboratory work. 



B-carotene requirements 

The evidence available indicated that B-carotene improves reproduction in dairy cattle. 

It has also been shown that 13- carotene supply from pastures varies with season. It is therefore 

important to establish B-carotene requirement in dairy cattle. 

Jackson (1982) pointed out that critical plasma concentration for normal fertility was a 

matter of debate but he quoted some researchers as suggesting this to be between 100-300 mg. 

In 1978, Lotthammer gave the B-carotene requirement for young cattle to be about 100 

gm/day which also applies to dairy cows during the dry period. Later, Lotthammer, (1985) 

calculated the daily vitamin A - independent requirement of 13-carotene per animal to be 300-

400 mg. Indeed, this researcher categorized plasma concentration below 400 as questionable 

for adequate supplies in dairy cows, while concentrations below 250 mg and 150 mg are critical 

and deficient for optimum fertility, respectively. 

Effect on fertility 

Bovine corpus luteum has been found to contain higher concentrations of B-carotene 

than other tissues unlike in other species (Ahlswede and Lotthammer, 1978). This high 6- 

carotene content in the corpus luteum is dependent on plasma B-carotene (Anwandter, 1974). 

However, Ahlswede and Lotthammer, (1978) found no correlation between plasma and hepatic 

B-carotene in dairy cattle. In addition, the plasma B-carotene content for cattle at various stages 

of the oestrous cycle is not uniform. Seitaridis, (1963) found that luteal phase had the highest 

concentration followed by follicular phase while cows with ovarian cysts had the lowest 

amounts. No such variation was observed with vitamin A. These researchers also reported that 

the content of B-carotene in the corpus luteum and in other tissues depended on the type of 

feed the animals were on. Indeed, the concentration of B-carotene in these tissues and blood 

plasma varies with season or type of forage offered (Anwandter, 1974). This was found to be 

higher when the pasture was green in summer and low in winter when feeding was on hay. In 

the tropics one would also expect low B-carotene in foliage during the dry season. Schultz et 

al. (1973) surveyed the B-carotene and progesterone concentration in the corpus luteum at 

slaughter and not only did they confirm that B-carotene levels were two to three times higher 

in summer than in winter but also found a similar pattern for progesterone levels. These 



findings were also supported by Meyer et al. (1975) and Lotthammer and Ahlswede, (1977) 

who showed that plasma B-carotene is a reflection of supplementary B-carotene or the pasture 

quality. 

Effect of B-carotene on conception was studied by Konermann, (1974) who reported 

that first insemination to conception interval was shortened by ten days when B-carotene 

supply to the herd was increased by 100 mg/day. Calving interval and the time-lag between 

onset of oestrus and ovulation were also shortened. The duration of oestrus was shorter with 

0.5 hours while the incidence of cystic ovaries was nil compared to 50% in the control group. 

The interval between peak luteinizing hormone (LH) and ovulation was delayed by almost 24 

hours in the (3-carotene deficient heifers. Schams et al. (1977) also reported a maximum delay 

of ovulation to be 72.5 hours compared to 49 hours after peak LH in deficient cows and animals 

given 8-carotene supplements, respectively. Meyer et al. (1975) also found that the corpora 

lutea of 8-carotene deficient heifers were smaller than those of the control group and reached 

maximum size four days later. Similar results were reported by Schams et al. (1977) who also 

noted that cystic changes in the ovaries in the form of lutea and/or follicular cysts developed 

in 45% of the heifers with the lowest B-carotene levels both in the blood and in various tissues. 

However, Schams and associates also found the level of vitamin A in the blood of the B-

carotene deficient heifers to be significantly lower than that in the control group, despite a more 

than double supply of dietary vitamin A in the deficient group. These researchers concluded 

that with deficiency of B-carotene, for which low blood plasma levels are indicative, ovulation 

is delayed by about one day, the duration of oestrus is extended and the whole development of 

the corpus luteum is drastically retarded and impaired. This may in turn explain the 

abnormalities in the production of progesterone observed by Anwandter, (1974) and Schultz 

et al. (1973). Lotthammer et al. (1976) observed reproductive disturbances such as prolonged, 

poorly defined oestrous and nymphomania, observed as swelling of the vulva, moist and 

reddened vaginal vestibule with a low discharge of mucus during non-oestrous parts of the 

cycle, in heifers deprived of 6-carotene for a period 6 to 7 weeks, which was attributed directly 

or indirectly to the ovary. In a later study Lotthammer, (1978) observed that insemination at 

the wrong time risks infection of the vagina which may lead to further complication as a result 

of purulent inflammation. 



Mingazov, (1977) did field trials on fi-carotene supplementation of dairy cows and 

reported that (3-carotene supplementation improved conception after the first insemination 

from 39 to 57 per cent. The differences persisted in the same order of magnitude during the 

second insemination. 13-carotene supplementation reduced the number of inseminations per 

conception from 2.0 to 1.4. Lotthammer, (1978) attributed the poor conception in B-carotene 

deficient cows to ovarian disorders and also observed that if conception occurred at all, 

embryonic death at around sixth and seventh week of gestation and risk of early abortion was 

imminent. 

Wetherill, (1965) carried out a study to investigate the effect of B-carotene on puerperal 

problems in cattle. From this study, it was observed that blood carotene level of 300 M9% or 

more corrected or essentially decreased puerperal problems. Similar findings have been 

reported by Mihalka, (1981) who investigated the influence of B-carotene status on puerperal 

diseases in a Hungarian dairy cattle herd. Puerperal problems such as delayed uterine 

involution and retained placenta were increased when cows were B-carotene deficient 

(Mihalka, 1981) and a decrease in puerperal disorders improved conception rate. Lotthammer, 

(1978) reported no B-carotene effect on the incidences of retained placenta, although Akordor 

et al. (1986) and Inaba et al.  (1986) found a direct correlation between retention of placenta 

and the plasma concentration of vitamin A and B-carotene. It has been suggested that B-

carotene either plays a specific vitamin A independent role in reproduction of cattle, or it acts 

on uterus-placenta separation after conversion into vitamin A (Inaba et al. 1986). 

Role of macro and micro nutrients in reproduction 

In recent years the role of macro and micro nutrients in animal reproduction like 

disturbances in ovulation, anoestrosity as well as in the regulation of harmones have received 

greater attention but in relation to specific infertile conditions in formations are rather meager. 

Scientists already have made some valuable contributions in this field highlighting the 

level of various blood minerals and their relationship with the reproduction. 

In the present study the various blood minerals (viz. serum calcium, phosphorus, 

manganese, copper, zinc and iron) and total protein and cholesterol in crossbred cows were 

studied by different workers have been reviewed under the following sections. 



Serum Calcium 

Samad et al. (1980) estimated the serum calcium levels of 30 indigenous anoestrus 

cattle (14 heifers with genital hypoplasia and 16 cows with non-functional ovary) and 20 

indigenous normally cycling cows and found no significant difference in serum calcium level 

of anoestrus and normally cycling cattle (9.10 ± 0.76 and 9.25 ± 0.85 mg% in heifers and cows 

in anoestrus vs 9.60 ± 0.47 in normally cycling animals.). 

Rao and Rao (1982) studied the serum calcium level in 18 cross bred pre-pubertal 

heifers (9 Jersey x Ongole and 9 Holstein fresian x Ongole) at estrus under farm conditions. 

The levels of serum calcium either between estrus and anoestrus or between the two genetic 

groups were non-significant. 

Prasad et al. (1984) reported that the mean calcium value in crossbred cows on the day 

of heat was significantly higher (10.18 mg per cent with a range from 8.2 mg to 12.30 mg per 

cent) than that in anoestrous cows (9.97 mg per cent with a range from 8.20 to 12.30 mg per 

cent). 

Sahukar et al. (1984) measured the serum calcium level at oestrus in 10 crossbred cows 

(% Red Dane x V2 Red Sindhi) and the mean values were 9.55 ± 0.112 mg per cent. 

Chetty and Rao (1986) studied the total serum protein in cyclic crossbred heifers having 

varying level of Jersey blood (25% to 87.5%). They reported that serum calcium was found to 

remain unaltered between cyclic heifers (9.99 ± 0.16 mg% and anoestrus heifers (9.66 ± 0.16 

mg%). 

Dutta et al. (1988) conduct an experiment on a total of 12 Jersey heifers, 2-3 years of 

age and above 120 kg body weight under same standard feeding and managerial conditions. 

They reported that the difference of serum Ca level between anoestrus heifers of more 

than 2 years of age with normal size nonfunctional ovaries (10.73 ± 0.06 mg%) and normal 

cyclic heifers with normal ovaries (11.02 ± 0.05 mg%) was non-significant. 

Vadnere and Singh (1989) opined that the mean plasma level of calcium was 9.67 ± 

0.28 mg% in an estimation on 21 postpartum anoestrus crossbred cows. 



Kumar and Sharma (1991) estimated the serum calcium levels in 26 non-de script estrus 

cows and were found nonsignificant difference in between fertile (9.14 ± 0.18 mg%) and 

nonfertile oestrus (8.60 ± 0.26 mg%) cows. 

Rupde et al. (1993) reported that the level of serum calcium was (9.84 ± 0.659) mg% 

in normal breeding cows. 

Shrivastava et al. (1995) reported that serum calcium was slightly higher (Non-

significant) in normal cycling (9.46 ± 0.26 mg%) than in delayed pubertal (8.95 ± 0.298 mg%) 

crossbred heifers. 

Tandle et al. (1997) reported that the level of serum calcium were (10.07 ± 0.31) and 

(9.33 ± 0.01 mg%) in oestrus and anoestrus non-descript cows respectively. 

Joe Arosh et al. (1998) analysed serum samples from 6 normal cyclic and 6 anoestrus 

Jersey crossbred cows and observed that concentration of serum calcium was significantly 

lower (8.98 ± 0.38 mg%) in anoestrus than normal cyclic animals (10.71 ± 0.36 mg%). 

Sood et al. (1999) reported that mean level of serum calcium was 6.38 ± O. 18 mg% in 

case of anoestrus heifers. 

Kumar et al. (2000) observed that serum calcium concentration was found to be lower 

in prepartum cows (10.56 ± 0.77 mg/dl) than the postpartum cows (11.21 ± 0.93 mg/dl.) 

Dutta et al. (2001) reported that serum calcium level was significantly lower in 

postpartum anoestrus cows (9.54 ± 0.22 mg%) than the normal cycling cows (10.73 ± 0.0'8 

mg%). 

Das et al, (2002) reported that in their study they do not found any significant variation 

in serum Ca level between the groups of cyclic and repeat breeder crossbred cows. 

Sheshappa et al. (2002) reported that serum calcium level in postpartum crossbred 

cattle ranged from 8.78 to 9.75 mg% between the pre and postpartum samples. 

Jain et al. (2003) conducted a study on fertility of crossbred Cattle by mineral 

supplementation. They reported that the serum calcium level during anoestrus was 8.20 ± 0.33 



mg% and 6.75 ± 0.33 mg% in normal cyclic cows and in mineral supplemented group 

respectively, and on the day of estrus was 8.79 ± 0.31 mg% and 9.72 ± 0.31 mg% in normal 

cyclic cows and in mineral supplemented group, respectively. 

Shah et al. (2003) reported from their study that the serum calcium level in postpartum 

fertile and infertile buffalo was 9.45 ± 0.10 mg% and 9.08 ± 0.15 mg% respectively. 

Serum Inorganic Phosphorus 

Laing (1979) opined that ovarian functions are interfered with phosphorus deficiency. 

Dindorkar and Kohli (1979) reported that mean inorganic phosphorus levels were lower 

in anoestrus cows (5.71 mg / 100 ml) than in nonnal (8.01 mg/100 ml) cows. They concluded 

that phosphorus deficiency might be the cause of prolonged anoestrus in these cows. 

Bhaskaran and Khan (1981) observed a significant difference in serum inorganic 

phosphorus level between anoestrus (4.22 ± 1.34 mg/ 100 ml) and oestrus cows (7.59 ± 2.40 

mg/ 100ml). 

Reddy (1982) reported that higher plasma inorganic phosphorus profiles were 

associated in fertility in cows. 

Bhaskaran and Patil (1982) observed that the mean serum  inorganic phosphorus 

concentrations during estrus and anoestrus in heifers were 7.59 ± 0.22 and 5.96 ± 0.16 mg/ 100 

m, respectively. Their study indicated that minimum critical level of phosphorus was perhaps 

necessary for initiation and maintenance of ovarian activity or onset of oestrus and also 

indicated a possible close relationship between blood serum phosphorus level and reproductive 

hormones. 

Prasad et al. (1984) studied serum phosphorus in anoestrus crossbred cows and 

recorded the average level as 7.80 mg per cent. 

Sahukar et al. (1984) reported from their study that the level of inorganic phosphorus 

during anoestrus in crossbred cows is 6.25 mg%. 



Chetty and Rao (1986) opined that the level of inorganic phosphorus in the blood of 

cycling heifers (5.93 ± 0.12 mg%) was significantly higher (P < 0.01) than in anoestrus heifers 

(4.57 ± 0.11 mg%). 

Siviah et al. (1986) reported that phosphorus had a role to initiate and maintain ovarian 

activity leading to onset of oestrus. 

Hafez (1987) reported that phosphorus deficiency in range cattle and sheep caused 

ovarian dysfunction which in tum lead to delayed puberty, depressed signs of oestrus and 

eventually cessation of oestrus. 

McDonald et al. (1987) observed that low dietary intake of phosphorus had been 

associated with poor fertility and apparent dysfunction of the ovaries causing inhibition 

depression or irregularity of oestrus. 

Dutta et al. (1988) found that the mean serum inorganic phosphorus levels were 

significantly (P < 0.05) lower in anoestrus heifers than in the normal cycling animals. 

Vadnere and Singh (1989) reported that level of inorganic phosphorus was significantly 

lower in anoestrus cow (6.225 ± 0.02 mg/ dl) than normal cows. 

Kumar and Sharma (1991) opined that inorganic phosphorus  level was significantly 

lower (4.98 ± .08 mg%) in non-fertile estrus cows than in fertile estrus cows (6.44 ± 0.42 

mg%). 

Yadav (1993) reported from his study that phosphorus was essential for general health 

and reproduction. 

Ashtukar et al. (1995) observed that there was no significant difference in serum 

inorganic phosphorus level between anoestrus and repeat breeder cows. 

Ramkrishna et al. (1997) studied the level of serum inorganic phosphorus in cycling 

cows and anoestrus cows and recorded the level as 5.30 ± 0.117 and 4.29 ± 0.15 mg% 

respectively. They also emphasized the need for certain levels of inorganic phosphorus for 

estrogen secretion. 



Tandle et al. (1997) concluded that serum level of inorganic phosphorus was 

significantly higher in conducted an experiment on 6 normal cyclical estrus cows than in 

anoestrus cows. 

Arosh et al. (1998) concluded that serum P was significantly lower in anoestrus cows 

than normal cyclical cows. Phosphorus is often associated with reproductive abnormalities in 

cattle and its deficiency induces anoestrus and reduces ovarian activity. 

Sood et al. (1999) estimated the level of serum inorganic phosphorus level in cows of 

Himachal Pradesh and the level was 3.68 ± 0.26 mg/dl. 

Singh and Pant (1998) observed from their study on cows of Himachal Pradesh that 

serum P level is not significantly higher normal cows (5.91 ± 0.16 mg%) than the repeat breeder 

cows (4.89 ± 0.14 mg%). 

Kumar et al. (2000) found that serum inorganic phosphorus level was lower in 

prepartum cows (4.95 ± 0.16 mg/dl) than the postpartum cows (5.68 ± 0.30 mg/dl). 

Outta et al. (2001) reported that the serum inorganic phosphorus level was significantly 

lower in postpartum anoestrus cows (3.48 ± 0.12 mg %) than the cyclic cows (4.22 ± 0.07 

mg%). 

Oas et al. (2002) found in their study that the serum P level is significantly lower in 

repeat breeder crossbred cow (4.729 ± 0.150 mg/ 100 mI) than the nonnal cyclic cows (5.513 

± 0.265 mg/100mI). 

Sheshappa et al. (2002) reported from their study on postpartum crossbred cows that 

the serum inorganic phosphorus level was range from 4.10 to 5.43 mg% between pre and post 

treatment samples. 

Cetin et al. (2002) reported that the serum inorganic phosphorus level is higher in 

normal fertile cows (5.69 ± 0.12 mg/dl) than the repeat breeder cows (5.00 ± 0.23 mg/dl). 

Jain et al. (2003) conducted a study on fertility of crossbred cattle by mineral 

supplementation. They reported that the serum inorganic phosphorus level in normal cyclic 

cows was 4.46 ± 0.14 mg% and 4.78 ± 0.14 mg% during anoestrus and on the day of estrus 



respectively and in the mineral supplemented group the serum inorganic phosphorus level was 

3.98 ± 0.14 mg% and 4.99 ± 0.14 mg% during anoestrus and on the day of induced estrus 

respectively. 

Shah et al. (2003) opined that the serum inorganic P level in postpartum fertile and 

infertile buffalo was 5.86 ± 0.07 mg% and 5.62 ± 0.07 mg%,· respectively. 

Serum Copper 

Rowlands et al. (1977) recorded the mean serum copper level which was 0.73 mg/l in 

351 lactating dairy cows at 40 to 100 days past-calving. 

Desai et al. (1982) observed that serum copper level at estrus, ovulation time, luteal 

and follicular phases were 189.99 µg%, 189.76 µg%, 195.35 µg% and 204.79 µg% 

respectively in Surti buffaloes. 

Dabas et al. (1987) estimated the serum concentration of copper to be 185 ± 11 µg/dl, 

130 ± 8 µg/dl in cyclic and anoestrus cows respectively in an observation of 77 crossbred cows. 

Vadnere and Singh (1989) measured the mean plasma copper level from 21 postpartum 

anoestrus crossbred cows and the average value was 138.47 ± 10.20 µg/dl which was 

significantly lower than in normal cycling cows. 

Saxena and Gupta (1992) while experimented on 20 crossbred heifers that in anoestrus 

heifers with smooth ovarian condition the plasma level of copper (171.11 ± 15.89 µg/dl) was 

significantly lower in comparison to the level in heifers (255.00 ± 10.87 µg/dl) that cycling 

normally. 

Rupde et al. (1993) conducted an experiment with 10 repeat breeder and 5 regular 

breeding cows. And found that the serum copper level was significantly lower in repeat breeder 

(0.847 ± 0.052 µg/ml) than regular breeder cows. (2.304 ± 0.010 µg/ml). 

Rajasundaram and Rajasekaran (1994) estimated a serum copper value of 53.32 ± 0.6 

µg/dl in cyclic cows and 48.25 ± 0.58 µg/dl in repeat breeding cows. 



Samanta et al. (1995) reported that there was Significant reduction of serum eu in 

anoestrus with anaemic cattle (51.66 ± 5.47 µg/100 ml) as compared to control animals (110.65 

± 4.65 µg/ 100 ml). 

Prasad and Rao (1997) conducted an experiment on 4 anoestrus and 4 repeat breeder 

cows and they reported that in normal cycling cows the Cu level was 87 µg/ 100 ml whereas 

both in anoestrus and repeat breeder cows the Cu level was subnormal. 

Sharma et al. (1999) reported that serum Cu level was lower (10.10 ± 1.78 µg/dl) in 

anoestrus heifer having smooth ovaries. Whereas the Cu level was 130.60 ± 4.73 µg/dl in 

proestrus, 103.20 ± 2.94 µg/dl in estrus, 113.40 ± 60.47 µg/dl in metestrus and 116.40 ± 3.60 

µg/dl in diestrus. 

Kumar et al. (2000) reported from their study that the serum Cu level is significantly 

lower in prepartum cows (21.30 ± 2.53 µg/dl) than the postpartum cows (26.20 ± 0.97 µg/dl). 

Mehere et al. (2002) reported that serum Cu level differs significantly (P < 0.0 I) during 

the peripartum periods in crossbred cows. 

Das et al. (2002) reported that in crossbred cows the serum Cu level is significantly 

lower in repeat breeder group (0.96 ± 0.017 µg/ml) than the normal cyclic group (0.97 ± 0.023 

µg/ml). 

Jain et al. (2003) conducted a study on fertility of crossbred cows by mineral 

supplementation. They reported that serum copper level during anoestrus is 153.2 ± 14.61 and 

140.6 ± 14.61 µg% in normal cyclic cows and in mineral supplemented group respectively and 

on the day of estrus the serum levels were 165.00 ± 12.89 µg% and 180.00 ± 12.89 µg% in 

normal cyclic cows and in mineral supplemented group, respectively. 

Shah et al. (2003) reported that serum Cu level in postpartum fertile and infertile 

buffalo is 1.24 ± 0.02 µg% and 1.16 ± 0.02 µg% respectively. 

Serum cholesterol 

Purohit and Kohli (1977) measured serum cholesterol level in 60 Rathi cows and found 

lower in anoestrus (188.61 mg%) than that is estrus (264.30 mg%) period. 



Murtuza et al. (1978) obtained the total serum cholesterol levels to be 153.84 ± 5.40 

mg%, 119.41 ± 6.90 mg%, 147.19 ± 6.72 mg% and 181. 43 ± 13.69 mg% in heifers, empty 

dry cows, late pregnant cows and early lactating cows of Hariana breed respectively. 

Hafez (1980) reported that the immediate precursor for all the steroids is pregnenolone 

derived from cholesterol. 

Rawlands et al. (1980) reported that in bovine low bloo cholesterol levels to poor 

fertility. 

Rao et al. (1982) measured the serum cholesterol levels in Holstein Fresian x Ongole 

crossbred cows (normal cyclic and different stages of reproduction) they reported that the 

serum cholesterol level was higher in estrus when compared to that in proestrus and di-estrus 

stage. 

Sharma et al. (1984) observed the serum cholesterol levels as 91.15 ± 628 mg%, 99.62 

± 8.23 mg% and 102.62 ± 8.95 mg% in anoestrus, cyclic and repeat breeding. Crossbred cows 

respectively. The difference was however non-significant. 

Aminuddin et al. (1984) estimated that serum cholesterol levels in 30 normally 

reproducing (15 cows and 15 heifers) and 45 anoestrus (15 physically good anoestrus cows, 12 

physically poor anoestrus cows and 15 anoestrus heifers) Rathi cattle of arid tract of Rajasthan. 

Serum cholesterol level was found to be significantly lower in anoestrus heifers (177.50 ± 3.79 

mg%) than that in normally reproducing heifers (217.46 ± 3.16 mg%). 

Sahukar et al. (1985) opined that the serum cholesterol level was highest at estrus 

(290.00 ± 9.31 mg/100 ml). An increasing trend of cholesterol level was noticed up to 8 month 

followed by a sudden fall in cholesterol concentration. 

Dutta et al. (1988) estimated the serum cholesterol levels in, 12 Jersey heifers of age 

varying from 2 to 3 years. And it was reported to be significantly lower in anoestrus heifers 

(99.86 ± 8.34 mg%) than that in normal cycling heifers (129.80 ± 8.20 mg%). 



Kumar and Sharma (1991) estimated blood serum cholesterol in 26 nondescript cows 

and it was found to be significantly higher (105.22 ±2.06 mg%) in fertile estrus than that in 

non fertile (99.17 ± 1.37 mg%) estrus. 

Phogat et al. (1992) reported that the plasma cholesterol levels decreased with 

parturition and increases thereafter. 

Singh et al. (1996) conducted an experiment on 121 crossbred cow of Jersey, Holstein 

fresian and Gir. They concluded that serum cholesterol level is significantly higher in estrus 

cows (120.55 ± 2.01) mg/100 ml than that of the non-oestrus cows (78.54 ± 0.49) mg/100 ml. 

Bhaga et al. (1997) observed that serum cholesterol level increase up to 21 days of 

progesterone treatment for induction of oestrus in buffalo heifers. 

Singh and Pant (1998) observe in their study on cows in Himachal Pradesh that the 

serum cholesterol level is significantly higher (240.9 ± 11.68 mg%) in cows which conceive 

normally than that of the cows which fail to conceive after repeated attempts (125.4 ± 4.03 

mg%). 

Nayyar et al. (1998) found no significant difference in serum cholesterol level between 

the low age (27.5 ± 1.3 months) pubertal buffalo heifers (55.05 mg/dl) and high age (33.5 ± 

0.8 months) pubertal buffalo heifers (55.095 mg/dl). 

Kumar et al. (2000) reported from their study that serum cholesterol level in case of 

prepartum cows in lower (193.15 ± 8.08 mg/dl) than the postpartum cows (202.13 ± 5.35 

mg/dl). 

Kabir et al. (2001) reported that in case of rural buffalo the serum cholesterol breed is 

significantly higher in cyclic animals ( 146.35 ± 8.41 mg/ dl) than the acyclic animals (113.57 

± 1.91 mg/dl). 

Cetin et al. (2002) reported that serum cholesterol level is higher in repeat breeder cows 

(138.93 ± 8.59 mg/dl) than the fertile cows (128.20 ± 4.83 mg/dl). 

Shah et al. (2003) reported that the serum cholesterol level in postpartum fertile and 

infertile buffalo is (180.97 ± 4.37) and (188.25 ± 6.30 mg%). 



Serum total protein 

Little (1974) reported that the decrease serum protein immediately after parturition was 

due to decrease synthesis of albumin by liver and due to diversation for the synthesis of milk 

protein. 

Hewett (1975) studied a negative relationship between protein, phosphorus and urea 

nitrogen. 

Naidu and Rao (1982) studied on 50 crossbred anoestrus animals (25 heifers and 25 

cows) and 20 normal cycling animals. (10 heifers and 10 cows) of Chittor district of Andhra 

Pradesh. The total serum proteins in cycling heifers (9.20 ± 1.85 gm%) and cows (9.43 ± 1.22 

gm%) was recorded to be significantly higher (P < 0.0 1) than that in anoestrus heifers (7.17 ± 

1.52 gm%) and cows (7.87 ± 1.50 gm%). 

Chetty and Rao (1986) estimated the total serum protein of anoestrus and cyclic 

crossbred heifers having varying level of Jersey blood (250/0 to 87.50/0) maintained by the 

farmers under traditional husbandry practices. They reported that total serum protein in cycling 

heifers (8.24 ± 0.17 gm%) was noted to be significantly higher (P < 0.01) than that in anoestrus 

heifers (7.06 ± 0.16 gm%). 

Pedroso et al. (1986) opined that blood total protein concentrations were highest in 

pregnant cows than those, which were non-pregnant. 

Mehta et al. (1989) cited increased level of serum protein in cows with the advancement 

of pregnancy. 

Khan et al. (1990) reported that the average serum protein levels were slightly lower in 

pregnant buffaloes than the nonpregnant one. 

Quayam et al. (1990) reported that serum protein value remained unaltered during the 

prepartum. It declines significantly at the time of parturition in Murrah buffaloes. 

Setia et al. (1992) total plasma protein levels declined significantly (P < 0.05) on the 

day of parturition as compared with prepartum phases. 



Montana et al. (1994) observed that total protein level in serum increased during the 

first three months of gestation in ewes. 

Singh et al. (1996) conducted an experiment on 121 crossbred cows of Jersey. Holstein-

Friesian and Gir. They concluded that serum total protein level is higher in oestrus cows (9.50 

mg/ 100 ml) than the non-oestrus cows (8.69 mg/ 100 ml). 

Singh and Pant (1998) observed in their study on cows in Himachal Pradesh that serum 

total protein level is not significantly higher in normal cows (7.70 ± 0.11 gm%) than the repeat 

breeder cows (7.60 ± 0.10 gm%). 

Prabhakar et al. (1999) reported that there was gradual, decline in total plasma proteins 

at the time of parturition in buffaloes. 

Kumar et al. (2000) reported from his study that the  total serum protein level is higher 

in prepartum cow (10.33 ± 0.71 gm/dl) than the postpartum cows (9.35 ± 0.26 gm/dl). 

Sheshappa et al. (2002) reported from their study on postpartum crossbred cattle that 

the level of serum total protein ranges from 8.68 to 9.13 between pre and post treatment 

samples. 

Kabir et al. (2001) reported that in case of rural buffalo the serum total protein level is 

not significantly higher in cyclic animals (8.46 ± 0.11 gm/dl) than the acyclic animals (7.92 ± 

0.11 gm/dl). 

Cetin et al. (2002) reported that total serum protein level is higher in case of repeat 

breeder cows (8.50 ± 0.14 gm/dl) than the fertile cows (8.26 ± 0.13 gm/dl) 

Manowar and Singh (2002) reported that the serum total protein level is lower in non-

cycling heifers (5.34 ± 0.16 gm/dl) than the cycling heifers (7.35 ± 0.24 gm/dl). 

Shah et al. (2003) reported that the serum total protein level in postpartum fertile and 

infertile buffalo is 8.87 ± 0.07 mg% and 8.83 ± 0.07 mg% respectively. 

Serum Zinc 



Wegner et al. (1973) estimated serum zinc level 117 ± 39 µg/dl with the range of 85 to 

175 µg/dl in 10 Holstein-Friesian lactating dairy cattle. 

Ghergariu et al. (1986) stated that in 651 healthy crossbred cows mean serum Zn value 

was 120 ± 20 µg/dl.  

Dabas et al. (1987) obtained the serum Zn concentration 310 ± 13 µg/dl in cyclic and 

305 ± 9 µg/dl in anoestrus crossbred cows. 

Sharma et al. (1988) recorded the serum Zn level in 24 healthy Kankrej heifers and 

significant difference between the normal cyclic heifers (0.44 ± 0.03 µg/ml) and anoestrus 

heifers (0.66 ± 0.20 µg/ml) were found. 

Saxena et al. (1991) opined that plasma Zn values in heifers was ranged from 133.10 ± 

15.16 to 336.36 ± 9.00 µg/dl and heifers having average zinc level of 230.00 µg/dl attained 

puberty earlier than those having lower plasma zinc concentration. 

Saxena et al. (1992) observed that plasma level of zinc was lowest in heifers (274.44 ± 

17.81 µg/dl) exhibiting smooth ovarian condition compared to normally cycling heifers 

(604.37 ± 85.71µg/dl). 

Behera et al. (1993) reported a significant difference in serum Zn level of un-treated 

cycling heifers (103.53 ± 2.40 mg%) and delayed matured heifers (53.96 ± 1.9 mg%). 

Jain, G.C. (1994) observed in crossbred cows that the average level of Zn in anoestrus 

and repeat breeder animals were 1.45 µg/ ml and 0.96 µg/ml respectively. 

Joy and Nair (1995) found no significant difference in serum Zn concentration between 

fertile and anoestrus cows. 

Samanta et al. (1995) reported that the level of zinc in anoestrus cow having anaemia 

was 444.94 ± 49.75 µg% and in normal cow was 384.24 ± 39.20 µg%. 

Prasad and Rao (1997) observed that mean serum zinc concentration of normal cow 

was 185 µg/ 100 ml and anoestrus cow had lower serum zinc concentration (ranged 31 to 64 

µg/100 ml) than normal. 



Kalita et al. (1999) in an experiment showed that serum Zn concentration was 

significantly low in postpartum anoestrus (2.44 ± 0.21 ppm) than in normal cycling cows (3.03 

± 0.21 ppm). 

Mehere et al. (2002) reported from their study that the serum Zn level exhibited 

significant (P < 0.05) variation among different groups of crossbred cows during the 

peripartum period. 

Das et al. (2002) reported that serum Zn level in crossbred cows was significantly lower 

in repeat breeder group (1.80 ± 0.033 µg/ml) than normal cyclic group (2.09 ± 0.057 µg/ml). 

Jain et al. (2003) conducted a study on fertility of crossbred cows by mineral 

supplementation. They reported that serum Zn level was 370.5 ± 38.64 µg% and 138.6 ± 38.04 

µg% in anoestrus and normal cyclic cows respectively. Whereas, serum Zn level on the day of 

estrus in these groups were 459.4 ± 54.77 µg% and 253.4 ± 54.47 µg% respectively. 

Shah et al. (2003) reported that the serum Zn level in postpartum fertile and infertile 

buffalo was 1.28 ± 0.03 µg% and 1.33 ± 0.04 µg%, respectively. 

Serum Manganese 

Groppel· and Anke (1971) reported that manganese deficient animals showed no signs 

of estrus despite normal ovulation. Several services were required per conception. 

Howes and Dyer (1971) and Anke et al. (1973) found that low Mn rations to cows 

caused depressed or delayed oestrus and conception followed by increased abortion, still births 

and lowered birth weights. 

Arthur (1978) opined that Mn probably acted in enzyme system influencing oestrus, 

ovulation, foetal development, udder development etc. A deficiency of Mn would accordingly 

cause delayed oestrus, reduced fertility, abortions, resorptions, deformed youngs, poor growth 

etc. 

Hafez (1987) observed in gilts and cows with manganese deficient diet caused ovarian 

disturbances exhibited weak signs of oestrus to anoestrus. 



Oas et al. (1993) observed that the concentration of  Mn in blood of anoestrus cows 

was 16.31 ± 4.68 µg%. 

Rupde et al. (1993) reported that serum Mn level was found to be significantly lower 

in repeat breeder (0.170 ± 0.009 µg/m1) than in normal cyclic cows (0.464 ± 0.007 µg/ml). 

Jain (1994) studied on anoestrus cows and opined that the average level of Mn in 

anoestrus cow was 0.98 µg/ml. 

Joy and Nair (1995) recorded serum Mn level serum from fertile, anoestrus and repeat 

breeder cows, which was nonsignificant among different groups. 

Samanta et al. (1995) observed that there was decrease level of serum Mn in anoestrus 

cattle. They also found the level of Mn in normal cycling cattle was 6.69 ± 0.46 µg% and in 

anoestrus was 4.10 ± 0.07 µg%. 

Oas (1997) reported that the serum Mn content of heifer and adult cattle in new alluvial 

zone of West Bengal was 0.54 ± 0.052 and 0.62 ± 0.047 µg/ml respectively. 

Prasad and Rao (1997) in a study with 4 anoestrus and 4 repeat breeder cows observed 

that the concentration of Mn both in anoestrus and repeat breeder was higher than normal (18 

µg/100 ml). the concentration of serum Mn in repeat breeder and in anoestrus animals were 

ranged from 37-50 µg/100 ml. 

Kalita et al. (1999) observed no significant difference among anoestrus (0.38 ± 0.05 

ppm), repeat breeder (0.42 ± 0.04 ppm) and normal cycling cows (0.45 ± 0.04 ppm.). 

Kumar et al. (2000) reported that the serum manganese level was higher in prepartum 

cows (13.33 ± 3.33 µg/dl) than the postpartum cows (10.0 ± 0.00 µg/dl). 

Mehere et al. (2002) observed that highly (P < 0.01) significant variation prevail in the 

serum Mn levels of different group of crossbred cows during the peripartum period. 

Das et al. (2002) reported that in crossbred cows there was no significant variation in 

serum Mn level between the repeat breeder and normal cyclic groups. 



Jain et al. (2003) conducted a study on fertility of crossbred cows by mineral 

supplementation. They reported that serum Mn level during anoestrus in normal cyclic cows 

and in mineral supplemented group were 38.10 ± 14.53 µg% and 31.50 ± 4.53 µg% 

respectively. Whereas, on the day of oestrus the manganese level in those groups were 40.50 

± 4.53 µg% and 42.80 ± 4.53 µg% respectively. 

Shah et al. (2003) reported that the serum Mn level in postpartum fertile and infertile 

buffalo was 0.08 ± 0.004 µg% and 0.09 ± 0.006 µg% respectively. 

Serum Iron 

Vadnere and Singh (1989) observed on 21 postpartum anoestrus crossbred cows that 

the serum iron level was 194.300 ± 8.35 µg/dl in anoestrus cows which was significantly lower 

than normal cyclic cows. 

Rupde et al. (1993) opined that the serum iron level did not show any variation between 

repeat breeder and normal cyclic cows. The level of irop were recorded in repeat breeder was 

2.467 ± 0.031 µg/ml and in normal cyclic cows was 2.455 ± 0.028 µg/ml respectively. 

Jain (1994) said that the serum iron level in anoestrus cattle was 1.64 µg/ml. 

Yessein et al. (1994) observed that the serum level of iron was higher (226.47 ± 10.14 

µg%) in fertile cows than infertile cows having ovarian inactivity (198. 57 ± 7.58 µg%). 

Samanta et al. (1995) reported lower level of iron in anoestrus cow with anaemia 

(485.05 ± 49.63 µg%) than normal cycling cows (678.42 ± 18.25 µg%). 

Oas (1997) opined that the serum iron concentration in heifer and adult cattle were 3.13 

± 0.361 µg/ml and 2.791 ± 0.308 µg/ml respectively in new alluvial zone. 

Prasad and Rao (1997) reported that serum iron concentration of anoestrus cows were 

lower than that of normal cows (30 µg/100 ml). 

Ramkrishna (1997) observed that serum level of iron among anaemic anoestrus cows 

were lower (86.33 ± 6.27 µg/100 ml) than normal cycling cows. 



Singh and Pant (1998) stated that concentration of iron in serum of repeat breeder cow 

was higher 113.7 ± 5.56 µg/dl than normal cycling animal (107.6 ± 5.06 µg/dl). 

Kalita et al. (1999) measured the mean concentration of serum iron in normal cycling 

cows was 5.22 ± 0.32 ppm whereas the value was low in anoestrus cows (3.34 ± 0.27 ppm). 

Kumar et al. (2000) opined that the serum iron conc.entration was lower in prepartum 

cows (90.30 ± 7.51 µg/dl) than that of postpartum cows (120.50 ± 5.l4 µg/dl). 

Mehere et al. (2002) reported from their study that in case of crossbred cows serum 

iron level did not show significant variation during the peripartum periods. 

Oas et al. (2002) reported that serum iron level in repeat breeder cows (3.594 ± 0.043 

µg/ml) than the normal cyclic cows was (3.424 ± 0.053 µg/ml). 

Shah et al. (2003) reported that serum iron level in postpartum fertile and infertile 

buffalo was 1.26 ± 0.03 µg% and 1.20 ± 0.04 µg%, respectively. 

Effect of mineral supplementation on serum mineral concentration 

Sampath and Kumar (1984) stated that supplementation of trace element particularly 

Cu and Co could favour a significant increase in blood level of the same in case of lactating 

cattle. 

Aken et al. (1991) reported from their study that plasma levels of Ca, P, Mg, Cu, Zn 

and Fe could be elevated to the normal level by supplementation in case of pregnant milking 

cows suffering from mineral deficiency. 

Vijchulata et al. (1994) concluded that mineral supplementation in 2nd and 3rd 

lactation of Holstein cows receiving a guinea grass and concentrate based diet brought about a 

rise in the plasma concentration of Ca, Fe and Zn. 

Prasad et al. (1995) reported that in Indian condition feeding system is based upon 

straw, stover and grain by products, which are deficient in one or more minerals and as a result 

the animals become deficient. If this deficient animals is provided with optimum mineral 

containing rations the serum mineral concentrations become elevated. 



Mee et al. (1995) concluded that supplementation of mineral vitamin mixture 

containing Cu, I, Se and Co significantly increased the concentration of trace elements in the 

blood of cows in the supplemented groups. 

Mahanta et al. (1997) reported that supplementation of Ca through bone meal could 

result in higher blood Ca level (9.25 mg/dl in treatment group Vs. 9 mg/dl in control group), 

provided all the animals would have received an isocaloric and isonitrogenous ration with an 

identical Ca: P ratio. 

Olsen et al. (1999) opined that a combination of Cu; Co, Mn and Zn in an organic form 

(Protein mineral complex) significantly raised serum Cu (0.85 µg /ml compared to 0.76 µg /ml 

in inorganic and 0.72 µg/ml in control group) and serum Zn (1.18 µg/ml compared to 0.85 

µg/ml in control) levels in postpartum 1st calved cows. 

Singh and Saraswat (2000) concluded that dietary Cu @ 5 mg/head/day could increase 

plasma Cu concentration and it was found to be beneficial against the rate of 10 mg/head/day 

as the latter dose affecting the availability of other minerals due to antagonistic reaction. 

Sarkar (2000) observed that supplementation of a mineral mixture containing salts of 

Ca, P, Mg, Co, Cu, I, Fe and Zn brought about a significant increase in the plasma 

concentrations of Fe, Cu and Zn in both 1st and 2nd lactating cows. In this experiment the 

concentrations (µg /ml) of Fe, Cu and Zn were 5.6, 1043, 1.03 and 5.78, 1.53 and 1.05, 

respectively in case of 1st and 2nd lactating cows. The corresponding values increased (P < 

0.05) to 5.64, and 1.08 in 1st lactating and 5.83, 1.56 and 1.10 in 2nd lactating cows during the 

post supplemental period. 

Sarkar (2002) reported that supplementation of Cu, Zn and Mn brought an increase in 

the plasma concentrations of these trace elements in the crossbred anoestrus cows. 

Kumar et al. (2002) observed that feeding of mineral mixture increased circulating 

plasma Mn++ concentration in all age groups of non-cyclic heifers. The Mn concentrations 

(ppm) were found to be 0.71 ± 0.015, 0.71 ± 0.022 and 0.92 ± 0.037 of 10-13 months, 18.21 

months and 27-30 months non-cyclic heifers respectively after 42 days of supplementation. 



Jain et al. (2003) reported that there was significant increase in serum mineral during 

oestrus phase of the cows supplemented with sakes mineral mixture. During anoestrus the 

serum level of Ca, P, Cu, Zn and Mn· were 6.75 ± 0.33 mg%, 3.98 ± 0.14 mg%, 140.6 ± 14.61 

µg%, 138.6 ±38.04 µg% and 31.50 ± 4.53 µg% whereas the estimated values were 9.72 ± 0.31 

mg%, 4.99 ± 0.14 mg%, 180 ± 12.89 µg%, 253.4 ± 54.47 µg% and 42.80 ± 4.53 µg% 

respectively of Ca, P, Cu, Zn and Mn during oestrus phase. 

Shah et al. (2003) opined from their study that there was no significant difference in 

the mean serum Ca level in normal cycling buffaloes. Similar results were also found in 

anoestrus buffaloes. In case of inorganic phosphorus the mean serum level in normal cycling 

cows was found to be non-significant whereas in the anoestrus and treated group (with mineral 

mixture) it was found to be highly significant. 

Effect of mineral supplementation on reproductive performance 

Groppel and Anke (1971) stated that manganese deficient animals showed no signs of 

oestrus despite normal ovulation several services were required per conception. 

Morrow (1980) reported that phosphorus deficiency was found to hindered the vitamin 

A synthesis from carotene. 

Bhaskaran and Patil (1982) observed a close relationship between blood serum 

phosphorus and reproductive hormones. 

Agarwal et al. (1983) reported a very good oestrus induction rate (83.33%) and first 

service conception rate (80%) with oral supplementation of Cu and Co in anoestrus cattle. 

Reddy et al. (1984) reported that trace elements have some important role in controlling 

ovulatory mechanisms. 

Kumar (1986) treated 31 anoestrus buffaloes and 10 heifers with Tonophosphan and 

mineral mixture. 81-85% of the females exhibited oestrus within an average of 22-30 days of 

treatment and 76.91 % females conceived. 

Dhoble and Gupta (1986) found that Ca and  P play a vital role in the regulation of 

hormones and enzymes for initiation of oestrus. 



Hefez (1987) reported that deficiency in manganese cause disturbances in the ovarian 

function. 

Quayam et al. (1988) reported from their study that deficiency of phosphorus in the 

buffalo ration, caused delay in activation of normal ovarian function until occurrence of 

favourable condition.  

Reddy et al. (1994) treated 20 rural postpartum anoestrus buffaloes by cyclomin-7 

bolus. They found 55% exhibited oestrus while 81.81 % conceived. 

Mee et al. (1995) observed that the mineral vitamin supplement had no effect on the 

incidence of abortion (1.4%), dystocia (2.30%), foetal maldisposition (7.30%), perinatal 

mortality (6.9%) or retained foetal membranes (4.0%). 

Sarkar et al. (1996) opined that Co-Fe-Cu plus tablet (containing 40 mg cobalt sulphate, 

100 mg iron sulphate, 200 mg copper sulphate and 450 mg manganese sulphate) given orally 

and successfully used to treat anoestrus in 27 of 34 cows. 

Campbell and Miller (1998) reported that both vitamin E and Zn, supplemented to 

Holstein and Jersey primigravid heifers and cows, reduced days to first observed oestrus, 

indicating improved reproductive health during the early postpartum period. 

Tiwari et al. (1999) observed that the cows showing the symptoms of anoestrus 

condition responded favorably to the supplementation of Cu (1.75 ppm), Co (0.06 ppm), Mn 

(1.0 ppm) and Zn (16.50 ppm) by showing -the occurrence of oestrus (62.2%), improvement 

of pregnancy rate (66.66%) of embryo transfer as well as in super ovulatory response. 

Gosai et al. (1999) observed in their study on 41 Melssani and Surti buffaloes that 

supplementation of minerals and vitamins reduces the postpartum estrus intervals. Postpartum 

oestrus interval was 70.94 ± 3.41 days in treated group where as 102.29 ± 9.51 days in control 

group. The conception rate were 73.33% and 42.86% in treated and control group respectively. 

Olsen et al. (1999) observed in a study that supplementation of Cu, Co, Mn and Zn had· 

no beneficial effect on reproduction of cows. The high levels (two times NRC, 1996) of trace 



element supplementation caused decrease in reproduction in terms of less oestrus and breeding 

activity. 

Lall et al. (2000) concluded that supplementation with a mineral mixture @ 50 gm/ 

animal/ day in 70 buffaloes and 30 adult heifers. More than 3 years of age showing anoestrus 

for more than 5-6 month showed that more than 70% of these animals exhibited oestrus and 

conceived within a period of 2-4 weeks. 

Kumar et al. (2002) reported that 2 out of 6 non-cyclic heifers of 27-30 months when 

supplemented with mineral mixture, exhibited oestrus for a shorter duration of about 12 hours 

at the end of experiment. 

Jain et al. (2003) reported 80% oestrus with conception rate of 60% at an average 

interval of 12 days in anoestrus cattle after supplementation of mineral mixture for 21 days. 

 

                                                  

   



Chapter III 

MATERIALS AND METHODS 

The present investigation entitled “The Effect of β- Carotene Incorporated Mineral-

Vitamin Premix on Amelioration of Infertility in Crossbred Cattle” was carried out at 

Dairy Farm, Department of Animal husbandry and dairying, Banaras Hindu University, 

Varanasi (U.P.). 

Place of work and animals 

The study was planned and conducted on 24 cross-bred non-cyclic, non-pregnant 

cattle of B.H.U. dairy farm. Cattle, which were not observed in estrus for at least six months 

considered as non-cyclic animals. On the basis of clinical observations, cattle affected with 

any kind of infectious causes or structural pathological abnormalities were excluded from 

the study.  

Selection of cattle 

1. Breed  

Cattle were selected of same breed, all cattle are cross bred (sahiwal×H.F.) 

2. Age 

Age of all cattle was around 3-6 years. 

3. Body weight  

Body weight of all cattle around 350-500 kg. 

4. Body condition 

Body condition of cattle is good muscular , attractive, shiny hair coat and active eyes. 

General management practices 

Management practices are the main determinant of the expression of natural 

behavioural patterns of the animals and any alteration of this natural behavioural patterns lead 



to health disorders. Managemental practices followed in the present study have been 

discussed in different heading as follows. 

 

 Housing 

The experimental animals were maintained in loose housing system under group 

Management practice with proper drainage, soft bedding, feeding and watering facilities. The 

feeding mangers were covered with shed type roof consisting of asbestos sheets at moderate 

height with low slope. At one corner of paddock, there was provision of drinking water trough 

with running tap water. The housing system is designed in such a way that it provides ample 

air movement and protects animals from extreme weather. Feeding manger and watering trough 

was as per BIS standard. This system of housing facilitated free movement, sufficient exercise 

to the animals and the animals exhibit their natural behaviour. 

Feeding 

The nutrient requirements of all experimental animals were mostly met with adlibitum 

green fodder and measured amount of concentrate. The green fodders, grown in the Institute 

farm, were supplied according to the seasonal availability. During summer and rainy seasons 

predominantly maize and sorghum were fed whereas in winter, fodders like barseem, oat, were 

fed. Feedings were spread in 3 to 4 feeding during day and night. The concentrate was fed 

@1.5 kg/day/animal for body maintenance in general.  Concentrate mixture had 20% CP and 

70% TDN consisted of 33% maize, 21% ground nut cake (oiled), 12% mustered cake (oiled) 

20% wheat bran, 11% de-oiled rice bran, 2% mineral mixture and 1% common salt. 

Supplementation of feed 

1. Rovimix Cal-P strong (DSM nutritional 

product) (each 100 g contain) 

Calcium 26 g 

Phosphorus 14.25 g 

Rovimix vitamin B12 400 mcg 



               Rovimix vitamin D3                                   16000 IU 

  

2. Rovimix ovn dairy premix (DSM nutritional products) 

Each 100g contains:  

  

Rovimix vitamin-A  

 

 

2.000 MIU 

Rovimix vitamin-D3  

 

0.400 MIU 

Vitamin-E            

 

20.000MIU 

Biotin  0.400 gm 

 

Niacin  10.000gm 

 

Beta-carotene  10.000gm 

 

Iron  12.000gm 

 

Copper  

 

4.000gm 

Manganese  15.000 mg 

 

Zinc  

 

16.000gm 



Magnesium  

 

80.000gm 

Cobalt  

  

 

0.400gm 

Iodine  

 

0.300gm 

Selenium  0.120gm  

 

Chromium  

 

0.500gm 

Potassium  

 

5.000gm 

Sodium  

 

6.000gm 

 

 

 

 Dose. 

1. 50 gm Rovimix ovn dairy premix (DSM nutritional products) in evening 

2. 50 gm Rovimix Cal-P strong (DSM nutritional product) in morning  

    Table 3.1: TREATMENT GROUP 

S.N TAG NO. COW/HEIFER AGE (yr) 

1 739 HEIFER 4 



2 729 HEIFER 3 

3 758 HEIFER 3 

4 920 HEIFER 4 

5 817 COW 5 

6 688 HEIFER 3 

7 757 HEIFER 4 

8 697 HEIFER 4 

9 815 COW 3 

10 704 HEIFER 3 

11 767 HEIFER 7 

12 726 HEIFER 3 

      

 

Table 3.2: CONTROL GROUP 

S.N. TAG NO. COW/HEIFER AGE 

1 672 HEIFER 4 

2 816 COW 5 

3 804 COW 6 

4 818 COW 5 

5 819 COW 6 

6 730 HEIFER 3 

7 910 HEIFER 6 

8 732 HEIFER 4 

9 701 HEIFER 4 

10 698 HEIFER 3 



11 755 HEIFER 4 

12 753 HEIFER 4 

Beta carotene assessment 

Blood samples were taken on day of the start of mineral supplement treatment, on 0 

day and on 45 day, from jugular vein in sterilized collecting tubes. Tuberculin syringe was 

used to measure 400 μL (0.4 mL) of the fresh blood. 

iCheck™ Carotene (BioAnalyt Germany) a portable photometer (provided by 

DSM) was used to determine beta carotene concentrations. It determined total carotenoid 

concentration in the fresh blood samples by measuring the color reaction in the test vial 

and calculated the carotene content in mg/L. 

Collection of blood 

About 10 ml of blood samples were drawn from the Jugular vern with 18g' sterilized 

needles from each animal, (both experimental and control). Blood samples were transferred 

immediately in dry, sterilized glass test tubes and kept at 450C angle in room temperature after 

proper coding. 

Collection of serum 

Serum samples were collected carefully into different sterilized micro-centrifuse tubes with the 

help of sterilized Pasteur pipettes and kept at -20oC temperature till analysis. 

Biochemical Parameters 

Serum total protein, cholesterol, macro minerals (Ca and P), micro minerals (Cu, Fe, 

Zn and Mn)  were estimated from, each serum samples. 

Estimation of serum total protein 

The level of total protein was determined by the Biuret method as described by 

Wotton(1964). 

Estimation of serum cholesterol 



The level of serum cholesterol was estimated in Microlab 200 Autoanalyser using 

commercial kits. 

Estimation of serum Macro minerals 

Serum Calcium 

Serum calcium was estimated (Trudeau and Freier, 1967) with 1 ml of serum sample 

diluted to 1 : 50 in 0.1% (w/v). Lanthanum chloride which was used in the standard solution as 

well as in the blank serum samples were kept in plastic vials for subsequent analysis by atomic 

absorption spectrophotometer (A.A.S.). The result was expressed in µg/100 ml. 

Serum phosphorus 

Colorimetric method (Fiske and Subba Row ,1925) was used to estimate the phosphorus 

in serum samples quantitatively and the result was expressed in mg/100 ml. 

Estimation of Serum trace minerals (Cu, Zn, Mn and Fe) 

Serum trace (Cu, Zn, Mn and Fe) elements were estimated as per the method described 

by Sandel (1950) and modified by Arneza et al. (1977) using atomic absorption 

spectrophotometer (A.A.S.). The results were expressed in ppm (Parts per million). 1 ml of 

serum sample from each animal of control and experimental groups was digested separately 

with 20 ml of tri-acid mixture (concentrated nitric acid, concentrated sulphuric acid, 

concentrated perchloric acid, ratio 9: 2: I, respectively) and kept on hot plate at 180-200oC until 

the mixture become clear watery in colour. Samples are then cooled at room temperature and 

transferred to 50 ml volumetric flasks and made up to the final volume of 50 ml. Which were 

transferred to properly labeled separate sterilized plastic vials and kept for subsequent analysis 

by atomic absorption spectrophotometer  using standards at lab of A.H&D. Department. The 

results were expressed in (µg/dl). 

Observations used for heat detection 

All the cows were checked and parameters like duration of onset of estrous 

post protocol, total duration of estrous and the signs of estrous like-restlessness and 

mounting behavior, discharge and its amount, bellowing and tonicity of uterus were 

recorded. 



Breeding 

All cows were artificially inseminated with frozen semen of high fertility.  

Statistical analysis 

The Data obtained during investigation were subjected to statistical analysis 

using independent t-test. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter IV 

RESULTS AND DISCUSSION  

Investigation here to correct the reproductive performance of infertile cows has been tried 

with β-carotene incorporated mineral-vitamin permix. 

 Animals of the experimental treatment group responded well with the treatment 

scheduled. The percentage of animals had oestrus symptoms in treatment group were 50%  with 

the mean interval of 22  days. 

Table 4.1: Reproduction performance of experimental animals 

Group No. of 

Animals 

No. of 

Animals 

showed 

oestrus 

% of 

Animals in 

oestrus 

Mean time 

interval for 

induction of 

oestrus (in days) 

Conception  

rate (%) 

 Control 12 2 16.66 28 50 

Treatment 12 6 50 22 66.66 

 

Induction of oestrus (50%) and conception rate (66.66%) of animals in treatment group was 

corroborated with the findings of Poral et al. (1976), Sawale and Dhoble (1999) and Kadu et 

al. (2001). But the value indicated higher than reported by Babar et al. (1999) Singh and Saxena 

(2000) and Ahmed et al. (2003). However, lower than the results were reported by Rao et al. 

(1971), Signal (1995) and Dabas (1997).  

In control group only 2 animal out of 12 exhibited the oestrus symptom with the mean interval 

of 28th day. Conception rate was observed 50%. 

Beta carotene 

Table 4.2: Status of Beta Carotene (mg/l)  level in blood – 

Days                                Mean±SE P-value 

Control Treatment 

0 2.62±0.12 2.71±0.14 0.326 

45 2.55±0.13 3.31±0.17 0.001 



 

  

Fig  4.1:  Diagram showing the status of Beta Carotene (mg/l)  level in blood. 

In treatment group, mean beta carotene level at day 0 i.e. before the start of the treatment, was 

2.55±0.13mg/L. At day 45 of the treatment, the blood mean  beta carotene levels rose to 

3.31±0.17 mg/L. Six cows showed oestrus. The day of showing oestrus ranged from day 8 to 

day 45, with an average of 22 days. 

In control group, mean beta carotene level at day 0 i.e., was 2.62±0.12 mg/L. At day 45, the 

blood mean beta carotene level 2.71±0.14 mg/L. 2 cows showed oestrus. The day of showing 

oestrus ranged from day 16 to day 45, with an average of 28 days. 

Similarly Rakes et al., (1985) reported feeding 300 mg beta carotene per head for 100 days 

resulting in improved reproductive parameters and Arechiga et al., (1998) showing better 

results after 90 days of feeding in comparison to 15 days of feeding beta carotene in diet. 

One of the possible roles of the beta carotene is its antioxidant effect as reported by Arechiga 

et al. (1998). Moreover, Arechiga et al. (1998) reported higher fertility rates in beta carotene 

supplemented cows in another study. In the present study, beta carotene might have an 

antioxidant effect and, high beta carotene levels might show its antioxidant effect in pregnant 

cows. The overall mechanism of beta carotene is not clearly understood and there are still 

controversies about its effect on reproduction Halilogu et al. (2002). While work erssuchas 

Graves-hoagland et al. (1989), Iwanska et al. (1997) and Akar et al. (2006) reported that beta 

carotene has a positive effect, there are also reports from Gossen et al. (2004, 2005) indicating 
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it has no effect whereas Bindas et al. (1984) and Yildiz et al. (2005) reported negative effect 

of beta carotene on reproductive parameters in cows. 

It was thus observed that in anoestrous cows with low body score, the supplementation of beta 

carotene alone resulted in expressing of oestrus between day 8 to day 45 of supplementation, 

this is in accordance with the other studies (Arechiga et al. 1998, Iwanska and Strsinska, 1997) 

stating that there could be various factors responsible for the reproductive performance and 

that the beta carotene supplementation gives best results when there is a significant deficiency 

of beta carotene in the animal. 

Total protein 

Table 4.3: Status of Total protein (mg%) level in blood serum 

Days                             Mean±SE P-value 

Control Treatment 

0 7.79±0.27 7.82±0.17 0.463 

45 7.24±0.17 9.31±0.14 0.000 

 

 

Fig 4.2: Diagram showing the status of total protein (mg%) level in blood serum. 

The serum level of total protein in anoestrus condition was 7.0886 ± 0.323 gm% where as it 

was 9.4614 ± 0.3147 gm% during oestrus condition. The observation corroborated with the 
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findings of  Naidu and Rao (1982), Chetty and Rao (1986), Singh et al. (1996) and Kabir et al. 

(2001). 

Cholesterol 

Tabel 4.4: Status of Cholestrol (mg%) level in blood serum 

Days                                Mean±SE P-value 

Control Treatment 

0 131.17±0.17 131.50±0.15 0.080 

45 132.91±0.15 147.53±0.41 0.004 

 

 

Fig 4.3: Diagram showing the status of cholestrol (mg%) level in blood serum. 

The serum cholesterol concentration of cows in anoestrus and oestrus condition were 131.57 ± 

7 mg% and 147.29 ± 8.31 mg% respectively. Similar findings were reported by Murtuza et al. 

(1978). Dutta et al.( 1988) and Cetin et al. (2002). The values obtained in this study was lower 

than that reported by Purohit and Kohli (1977), Aminuddin et al. (1984) and Sahukar et al. 

(1985) and higher than the finding reported by Sharma et al. (1984) and Kuma and Sharma 

(1991). 

Major elements 

Calcium 
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Table 4.5: Status of Ca (mg%) level in blood serum 

Days                                 Mean±SE P-value 

Control Treatment 

0 

9.31±0.24 9.23±0.06 0.389 

45 

9.79±0.21 10.01±0.10 0.080 

 

 

Fig 4.4: Diagram showing the status of Ca (mg%) level in blood serum. 

The serum calcium level in anoestrus and oestrus conditions were 8.9786 ± 0.6532 mg% and 

10.5286 ± 0.4848 mg% respectively. The results were corroborated with the findings of Prasad 

et al. (1984), Ramkrishna et al. (1997), Tandle et al. (1997), Joe Arash et al. (1998) and Dutta 

et al. (2001). The observation is higher than the observation of Samad et al. (1980), Sahukaret 

al. (1984), Soodet al. (1999), but present value has been found lowerthan the findings of Dutta 

et al. (1988) and Kumar et al. (2000). 

Phosphorus 
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Table 4.6: Status of P (mg%) level in blood serum 

Days                                 Mean±SE P-value 

Control Treatment 

0 

4.71±0.26 4.68±0.08 0.466 

45 

4.83±0.24 5.23±0.08 0.103 

 

 

Fig 4.5: Diagram showing the status of P (mg%) level in blood serum. 

The serum phosphorus level in anoestrus and oestrus conditions were 4.6114 ± 0.3218 mg% 

and 5.3957 ± 0.3295 % respectively. Similar results were also reported by Chetty and Rao 

(1985), Ramkrishna et al. (1997), Kumar et al. (2000), Das et al. (2002), Cetin et al. (2002) 

and Jain et al. (2003). 
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Trace Minerals 

The serum Mn (µg/dl), Cu (µg/dl), Zn (µg/dl) and Fe (µg/dl) were estimated in the given 

tables. 

Manganese 

Table 4.7: Status of Mn (µg/dl) level in blood serum 

Days                                  Mean±SE P-value 

Control Treatment 

0 

51.50±0.25 51.72±0.24 0.478 

45 

48.97±0.16 55.72±0.11 0.001 

 

 

 

Fig 4.6: Diagram showing the status of Mn (µg/dl) level in blood serum. 
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The serum Mn level of in anoestrus and oestrus conditions were 44.629 ± 5.072 and 62.114 ± 

4.201 respectively. The findings simulate with the findings by Samanta et al. (1995) Das 

(1997), Prasad and Rao (1997). Kalita et al. (1999). And the result was higher than reported by 

Kumar et al. (2000) and Jain et al. (2003). 

Copper 

Table 4.8: Status of Cu (µg/dl) level in blood serum 

Days                                Mean±SE P-value 

Control Treatment 

0 

144.67±0.46 144.47±0.26 0.361 

45 

143.65±0.37 181.31±0.27 0.000 

 

 

 

 

Fig 4.7: Diagram showing the status of Cu (µg/dl) level in blood serum. 
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The serum copper level during anoestrus and oestrus conditions were 145 ± 7.23 µg/dl and 

183.29 ± 4.75 (µg/dl). Thevalues were corroborated with the findings of Dabas et al. (1987)and 

Jain et al. (2003) but lower than reported by Desai et al. (1982), Saxena and Gupta (1992) and 

higher as reported by Samanta et al.(1995) and Sharma et al. (1999). 

Zinc 

Table 4.9: Status of Zn (µg/dl) level in blood serum 

Days                              Mean±SE P-value 

Control Treatment 

0 
241.23±0.44 241.08±0.28 0.390 

45 
231.95±0.52 303.31±0.22 0.000 

 

 

Fig 4.8: Diagram showing the status of Zn (µg/dl) level in blood serum. 

The serum level of Zn in anoestrus and oestrus condition were 232 ± 6.59 (µg/dl) and 301 ± 

7.73 (µg/dl) respetively. Similar results were reported by Dabas et al. (1987), Prasad and Rao 
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(1997) and Kalita et al. (1999) but the result is lower than reported by Samanta et al. (1995) 

and Jain et al. (2003).  

Iron 

Table 4.10: Status of Fe (µg/dl) level in blood serum 

Days Mean±SE P-value 

Control Treatment 

0 

141.53±0.30 141.75±0.22 0.279 

45 

142.25±0.33 148.92±0.13 0.000 

 

 

 

Fig 4.9: Diagram showing the status of Fe (µg/dl) level in blood serum. 
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The serum Fe level in anoestrus and oestrus condition were 139.57 ± 1.2 (µg/dl)  and 149.29 ± 

7.42 (µg/dl)  respectively. The result is supported by the earlier results reported by Rupde et 

al. (1993) and Jain (1994). The values were higher than reported by Das (1997), Kumar et al. 

(2000) and Singh and Pant (1998) and lower than reported by Samanta et al. (1995) and Das et 

al. (2002). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



     Chapter-V 

 

SUMMARY AND CONCLUSION 

The present investigation entitled “The Effect of β-Carotene Incorporated Mineral-

Vitamin Premix on Amelioration of Infertility in Crossbred Cattle” was conducted in a 

commercial Dairy Herd in Dairy Farm, Department of Animal Husbandry and Dairying, 

Institute of Agricultural Sciences, Banaras Hindu University, Varanasi (Uttar Pradesh) during 

2018-19. An attempt has been made to summarize the findings of the present study along with 

conclusion in this chapter under following: 

In the present study, total 24 infertile crossbred cows were selected to induce oestrus 

taken for correction of anoestrosity with β-carotene incorporated vitamin-permix. Total 8 out 

of 24 animals exhibited oestrus symptom after the treatment. Among the animals received β-

carotene incorporated vitamin-permix (treatment group) 50% showed the oestrus symptoms. 

Among the animals under control 16.66% came into heat. 

Estimation of serum total protein, cholesterol, major elements (Ca and P) and trace 

minerals (Mn, Cu, Zn and Fe) were performed At 0 days and 45 days. 

In treatment group (β-carotene incorporated vitamin-permix) 6 animals came into heat. 

Serum β-carotene, total protein, cholesterol, Mn, Cu, Zn and Fe level was significantly higher 

(significant at 5% level) in oestrus condition than in anoestrus condition in this group. The 

other parameters show their elevation in oestrus condition over the anoestrus condition but this 

elevation is not statistically significant. 

In control group only 2 animal came into the heat. Here no parameter show any 

significant change in between the anoestrus and oestrus condition. 

The observations for 12 cows of treatment group, provided with mineral mixture with 

beta carotene supplementation: 

a) The blood level of beta carotene rose from 3.26 ± 0.34 mg/L at day 0 to 5.60 

± 0.33 mg/L at day 40 of feed supplementation. 

b) The blood serum level of total protein rose from 7.82 ± 0.17 mg% at day 0 



to 9.31 ± 0.14 mg% at day 45 of feed supplementation. 

c) The blood serum level of cholestrol rose from 131.50 ± 0.15 mg% at day 0 

to 147.53 ± 0.41 mg% at day 40 of feed supplementation. 

d) The blood serum level of Ca rose from 9.23 ± 0.06 mg% at day 0 to 10.01 ± 

0.10 mg% at day 45 of feed supplementation. 

e) The blood serum level of beta P rose from 4.68 ± 0.08 mg% at day 0 to 5.23 

± 0.08 mg% at day 45 of feed supplementation. 

f) The blood serum level of Mn rose from 50.72 ± 0.24 µg/dl at day 0 to 52.79 

± 0.11 µg/dl at day 45 of feed supplementation. 

g) The blood serum level of Cu rose from 144.47 ± 0.28 µg/dl at day 0 to 181.31 

± 0.27 µg/dl at day 45 of feed supplementation. 

h) The blood serum level of Zn rose from 241.08 ± 0.28 µg/dl at day 0 to 303.31 

± 0.22 µg/dl at day 45 of feed supplementation. 

i) The blood serum level of Fe rose from 141 ± 0.22 µg/dl at day 0 to148.92 ± 

0.33 µg/dl at day 45 of feed supplementation. 

Therefore, following conclusions were drawn from this study 

1. Beta carotene deficiency is responsible for anestrus in cows, beta carotene 

supplementation definitely improves the anoestrous condition with overall fertility. 

2. Blood biochemical profile and serum mineral concentration improve towards optimum 

health after supplementation of β-carotene. 
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