Heat Stress, Dietary Fat and Reproductive Management of Dairy Cows
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Abstract


The present review dicusses some of the effects of heat stress and dietary fat on reproductive criteria. Females raised under high temperatures have low estradiol, small follicles and a longer luteal phase. Thermal stress also alters goandotrophin, inhibin and PGF2( secretion, quality of sperm cells and oocytes, as well as the ability of embryos to develop into blastocysts. Thus, pregnancy rates are usually low in hot seasons. In Brazil, most dairy cows are still crosses between Holstein and Zebu but, although these type of cattle are expected to be more adaptable to hot climates, their capacity to produce under certain levels of heat stress may be altered if cows are managed to reach high levels of milk yield. As a strategy for nutritional management, the use of dietary fat could lower the heat load for dairy cows. Moreover, fat supplementation may not only increase milk yield but also influence concentrations of cholesterol and progesterone, synthesis of PGF2(, follicle growth and pregnancy rates. Therefore, dietary fat could be used as a strategy for nutritional management and may also help dairy cows cope with heat stress. 

Introduction


The dairy industry demands rapid progress in milk production of individual cows and management strategies that must be cost effective. However, synthesis of milk depends on the ability of cows to start a new lactation every year (or close to this interval). Therefore, cows should present estrus and become pregnant while they are in the first third of lactation, a period when intake of dry matter and nutrients need to be maximized. At post-partum, animals are also more susceptible to certain types of diseases (metritis, retained placenta, mastitis, etc.), variations in the quality of diets and heat stress. In tropical regions, air temperature is always close to body temperature and this makes animals more suceptible to the effects of climate conditions. Therefore, this review emphasizes some of the effects of heat stress on reproduction and how the results obtained with high-producing purebred animals might be applied to the conditions of dairy herds in the semi-arid region of Brazil. Moreover, the article discusses the potential effects of dietary fat on reproductive criteria and as a tool for management of heat-stressed cows. 

Heat stress, fat supplementation and reproductive performance


Heat stress induces several changes on physiology, milk production and reproductive performance of dairy cows. Females raised in temperatures between 31 and 33.5 oC and 60 % of humidity (Columbia, USA) had lower estradiol in the follicular phase of the cycle and small size of the growing and ovulatory follicles. Somehow, the lenght of the luteal phase in heat-stressed cows was longer than in females kept in thermoneutral environment. It seems that the uterus secreted less PGF2( because of the reduction in estradiol synthesis and/or because high temperatures can interfere with the release of PGF2( by endometrial cells (Malayer et al., 1990). It’s well known that the uterine endometrium must be “primed”by estradiol to produce enough prostaglandin and trigger luteolysis (Silvia et al., 1991). Thermal stress also alters the concentrations of FSH and inhibin (Badinga et al., 1994; Roth et al., 2000; Wolfenson et al., 1997) and corpus luteum function (Wilson et al., 1998), as well as decreases the fluid content of follicles (Badinga et al., 1993). High temperatures reduce the number of granulosa cells and aromatase activity and secretion of androstenedione by theca cells (Wolfenson et al., 1997).


Ambient conditions influence oocyte and embryo quality of dairy cows. Oocytes exposed to high temperatures between the onset of estrous and insemination produced lower number of viable embryos (Putney et al., 1989). Moreover, the temperature and humidity 2 days before insemination appears to be more critical to conception rates than at any other phase of the cycle, including the period from breeding to 2 days after breeding (Ingraham et al., 1974). When rectal temperatures rises, there is a shift in blood flow from the visceral organs to the peripheral circulation and this could reduce perfusion of nutrients and hormones to the endometrial and oviductal tissues (Hansen and Aréchoga, 1999). It has been suggested that the early stages of embryo development (< 8 to 16-cell stage) are more succeptible to heat stress but there is also a high risk of embryonic loss at days 13 and 14 of pregnancy (Biggers et al., 1987; Ryan et al., 1993). Also, conceptuses cultured in high temperatures reduced the secretion of Interferon-( (Putney et al., 1988), an event that impairs implantation and maintainence of corpus luteum. As a consequence of these effects, it is expected that ambient with high temperatures significantly influence pregnant rates in dairy herds. Results from a study conducted in a 12-year period in Australia shows that pregnancy rates of cows and heifers were reduced from 80 to 55 % (after 3 inseminations) as the daily maximum temperature increased above 27 ºC (Orr et al., 1993). In USA, associations have been found between season and pregnancy rates in commercial dairy herds (Thompson et al., 1996; Badinga et al., 1985; Al-Katanani et al., 1999). 


Thermal stress affects male reproductive function. High temperatures cause degeneration of meiotic gem cells in the seminiferous tubules (Lue et al., 1999), influence the structure of spermatozoa DNA (Love et al., 1999) and lower sperm counts and motility (Setchell, 1998). Also, it seems that the progressive motility is more sensitive to temperature variation than the number of spermatozoa produced at each ejaculation (Moreira et al., 2001). Futhermore, premature embryonic death occurs if heat-damaged sperm cells are used to fertilize normal oocytes (Burfening et al., 1968). Unfortunately, the consequences of heat stress on reproductive performance of dairy herds do not seem to be overcome by the substitution of natural service by artificial insemination because, when spermatozoa are retrieved from heat-stressed females and used in other animals (kept in thermoneutral temperatures), there is a decrease in embryonic survival (Howarth et al., 1965). 


Although heat stress has a direct effect on reproduction, it is important to emphasize, however, that results from all studies depend on the magnitude and duration of the thermal stress, milk yield and lactation status, breed, composition of diet, dry mater intake and physical activity of the animals. Although heat stress would be a major concern of dairy producers in tropoical countries, few studies have been conducted in Brazil, where most dairy cows are still crosses between Holstein and Zebu. These animals are expected to be more adaptable to hot climates because of the Bos indicus heritage. In fact, oocytes collected from Brahman cows during the warm season exhibited normal morphology and produced a higher proportion of blastocysts in comparison with oocytes obtained from Angus x Holstein cows (Rocha et al., 1998). However, selection has increased milk production even in Brazilian zebu cows and this may also affect their capacity to reproduce under certain levels of temperature and humidity. 


The semi-arid region of the Northeast of Brazil has unique climate conditions, usually with a long dry season (7 months), high temperatures (> 30o C) and low humidity (< 50 %) during the day, but lower temperatures at night. In a study conducted in the semi-arid (Ceará, Brazil), Oliveira Neto et al. (2001) showed that, in the summer, crossbred cows raised in shaded pens were under low stress (in the morning and at night) or moderate stress (afternoon), based on values of THI (temparature and humidity index). In another study carried out in the semi-arid, similar values of THI have been found (79,7 in the morning; 82,5 in the afternoon and 76,6 at night), most of them associated with moderate heat stress (Pimentel et al., 2002). Cows used in those studies had an average production of 15 kg of milk/day and showed an increase of 0.4o C (from 39.6 to 40 oC) in rectal temperatures between morning and afternoon. Apparently, such ambient conditions do not limit calf crop although there are few results to fully support this hypothesis. Unpublished data from a Brown Swiss herd in a semi-arid region (Experimental Station - Federal Univeristy of Ceará) show that, over a 5.5 year period, pregnancy rate at first insemination was 59.4 % for heifers and 50.5 % for cows. However, reproductive indexes may be different if cows are managed to reach high levels of milk production because of the expected increase in dry mater intake and heat load. Fertilization of oocytes at 41 ºC (a value for rectal temperature that is expected for heat-stressed cows) had reduced the cleavage rate and development of blastocysts compared to oocytes fertilized at 38.5 ºC (Riveran and Hansen, 2001). Also, Holstein cows had longer post-partum interval and lower response to superovulation and number of good quality embryos when they were brought from Europe (with a temperate climate) to the Northeast of Brazil (Bényei et al., 2001). After 1.5 years, however, these animals showed reproductive criteria that were similar to local Holstein cows, suggesting that adaptation to a tropical environmenten may take a long time for purebred animals, despite the efficiency of nutritional and housing conditions. 


Stressful ambient conditions cause decrease in dry matter intake (Silva, 2000) and this may interfere with reproductive performance because of the lower intake of nutrients. The reduction in feed intake depends on several factors, including the proportion of concentrate and forrage of the diet and milk yield. It has been sugested that, in tropical regions, substitution of certain ingredients of the diets may minimize the effects of heat stress on ther performance of dairy cows (Knapp e Grummer, 1991). The use of fat in diets for dairy cows could lower the heat load of dairy cows because of the high energy density and lower metabolic heat when compared with other ingredients such as fiber and carbohydrate (Morrison, 1983). Inclusion of fat in diets may therefore increase milk yield but results about these effects are not conclusive yet and depends on the environment where cows are raised (Huber et al., 1993; Skaar et al., 1989; Chan et al., 1992, 1993). Moreover, studies suggest that certain types of fat have significant effects on concentrations of cholesterol (Wehrman et al., 1991), progesterone (Staples et al., 1998), rate of synthesis and metabolism of PGF2( (Jenkins, 1988; Kaduce et al., 1982; Danet-Desnoyers et al., 1993; Thatcher et al., 1994; Oldick et al., 1997), follicle growth (Lucy et al., 1991a,b; Thomas and  Williams, 1996; Beam and Butler, 1997; Lammoglia, 1997), and pregnancy rates in dairy herds (Staples et al., 1998; Petit et al., 2001). However, some experiments failed to detect significant correlations between concenption rates and fat supplementation in dairy herds. The reason for these contradictory results is not clear but could be related to differences in management of cows, energy “status” of the animals the amount and type of fat added to the diets (Carrol et al., 1994; Lucy et al., 1992; Sklan et al., 1994). 

Conclusions

Reproductive efficiency depends on several factors including milk production, housing conditions, nutrition, disease control, inbreeding and heat stress tolerance. In tropical countries, like Brazil, milk yield per cow is still low in comparison with dairy units of other regions of the world but there is a demand for progress in genetic selection and management for greater productivity. Probably, as a consequence of this progress, the capacity of cows (even the crossbred ones) to synthesize milk and reproduce under hot climates will change and management strategies should be re-evaluated. Also, the use of milk production systems based on grazing reduces the costs per kg of milk but also expose the animals to greater heat load. Most of the information about the effects of heat stress come from studies carried out with animals raised in conditions that are totally different from those found in tropical regions. Therefore, studies are needed to better understand the associations between climate conditions and reproductive physiology and to evaluate the efficacy of nutritional strategies in those regions. 
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