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ABSTRACT 

Three experiments were conducted to determine the 

effects of bST on lactational performance throughout several 

stages of lactation, emphasizing advanced lactation and 

summer heat stress conditions. 

In the first experiment, a preliminary trial was 

conducted using seven Holstein cows averaging 424 DIM. 

Injections of bST increased milk, fat and protein yields, 

but did not affect milk composition. In the second trial, 

24 cows in advanced lactation (292 DIM) with breeding 

problems were assigned to one of the three treatments in a 

randomized block design. Treatments were: 1) CON; low 

energy diet,without bST injection; 2) LED; low energy diet, 

injected with bST; and 3) HED; high energy diet, injected 

with bST. Cows showed a large response to bST in yields of 

milk, FCM, fat and protein, as well as on efficiency of feed 

conversion to milk. Energy density in the diet of cows 

receiving bST did not significantly affect any measured 

variable. 

In the second experiment, 76 lactating Holstein cows 

were distributed in three trials according to stage of 

lactation. Six intervals of DIM were considered, very 

early, early, mid, late, advanced, and extended lactations. 

A favorable response in milk yield to bST injections was 

observed in mid, late, advanced and extended lactations. 
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while only a tendency was observed in early, but not in very 

early lactation cows. 

In the third experiment, 32 Holstein cows averaging 195 

DIM were placed on four treatments to determine the effect 

of bST and evaporative cooling on lactational performance 

during summer heat stress. Milk yield was significantly 

increased by bST injections and tended to be higher for 

cooled cows. Fat and protein yields were increased by bST, 

but not by cooling. Non-esterified fatty acids in blood 

serum were higher in cows injected with bST, suggesting 

greater fat mobilization to support the increased milk 

production. Rectal temperatures and respiration rates were 

decreased by evaporative cooling, but not affected by bST 

injections. 

Injections of bST appear to be beneficial for 

increasing milk production and feed efficiency in lactating 

cows in advanced lactations and under heat stress, but 

response to bST was slightly greater when cows were 

evaporatively cooled. 
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CHAPTER 1 

INTRODUCTION 

In the early 1930's, Russian researchers reported that 

injection of crude pituitary extracts increased growth rates 

in growing animals and milk production in lactating animals, 

but this knowledge could not be adequately examined until 

the early 1980's when the development of recombinant bovine 

somatotropin (bST) by genetic engineering techniques took 

place. There is now strong enough evidence to conclude that 

increased concentrations of somatotropin (ST) in the blood 

will result in an increase in the milk yield of dairy cows. 

Some, but not all, is known about the mechanism by 

which somatotropin achieves its effects. Bauman and Currier 

(1980) proposed that ST causes an increase in milk yield or 

changes in body composition through partitioning of lipids, 

protein, and carbohydrate use within the body. In relation 

to the overall shifts in nutrient partitioning, the effect 

of ST on lipid metabolism are the major components of these 

changes. A reduction in lipid synthesis appears to be the 

main biochemical change occurring in adipose tissue (Boyds 

and Bauman, 1989). 

Baldwin, et al. (1987) stated that exogenous 

administration of bST can enhance milk yield in dairy cows 

between 15 to 40%. However, Bauman et al. (1992) noted that 

the magnitude of milk response to bST is affected by 
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internal and external factors, such as quality of 

management, stage of lactation, ambient temperature, 

production level and genetic potential of cows. When bST is 

administrated in early lactation during the interval between 

calving and peak milk production, response is minimal (Bines 

and Hart, 1982; Richard et al., 1985; Bauman, 1987). This 

is because early lactation cows are generally in a negative 

energy balance and have higher concentrations of endogenous 

ST. Moreover, poor response in early lactation is 

associated with a decrease of ST receptors in liver cell 

membranes for several weeks after calving. Administration 

of bST following peak milk production (approximately 9 wk 

postpartum) results in a substantial increase in milk yield 

and a marked improvement in lactational persistency, which 

significantly influences total milk yield for that lactation 

and milk production per day of productive life, 

Hemken et al. (1991) found that cows receiving bST 

tended to ovulate less regularly than controls, which may be 

attributed to their higher milk yield. However, services 

per conception were somewhat lower for bST-treated cows than 

for controls. 

Short calving intervals have been a long-term 

recommendation for maximizing herd profitability and are 

associated with a larger marginal profit realized in early 

lactation. However, in recent years dairy farmers have 

justified longer calving intervals for high producing cows 
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and herds. Additionally, it is well known that cows with 

longer calving intervals have better overall health and a 

longer herd life. 

Several studies have shown that bST injection, either 

daily at 25 mg or biweekly at 500 mg, increases days open 

and results in a longer calving interval. When bST 

injections were initiated prior to 60 days after calving, 

the greater energy drain on cows imposed by higher milk 

production has generally been the explanation for the 

decreased reproductive efficiency. 

Since the increased feed intakes observed after bST 

treatment usually lag behind increases in milk yield, energy 

concentration of diets should be increased to avoid 

excessive body tissue mobilization and related metabolic 

disorders. However, Hemken et al. (1991) found that the 

dietary energy concentration x bST interaction was not 

significant for any response variable. Although energy 

concentration of the diet did not significantly impact milk 

yield, the higher energy diet tended to depress milk fat 

percentages. Lormore et al. (1990) showed that feeding 

energy and protein above NRC recommendations to high 

producing cows administered with bST did not elicit a milk 

production response. Therefore, using current NRC 

recommendations for cows administered bST appears 

appropriate. 
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Cows which are severely heat stressed (at THI above 80) 

will decrease 25 to 35% in milk production if not cooled to 

reduce thermal discomfort, which manifests itself primarily 

in decreased feed intake (Huber et al., 1994). Cows are 

just as responsive to bST in hot as in cool weather (West, 

1994). Sullivan et al. (1992) and Francois et al. (1992) 

found that there was no difference in milk yield response to 

bST under both ambient environments, but percentage increase 

was greater in the hot environment. It has been shown that 

under heat stress, cows treated with bST experienced higher 

rectal temperatures and heat production than controls, but 

this was compensated for by greater heat dissipation (West, 

1994). 

Objectives of this study were: to determine the effects 

of bST on the performance of lactating Holstein cows in 

different stages of lactation focusing on extended 

lactation; to study effects of diets of low and high energy 

density fed to cows treated with bST in advanced lactation; 

to ascertain response of cows to bST injections when 

evaporatively cooled or receiving only shade. 
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Cai^TER 2 

LITERATURE REVIEW 

GROWTH HORMONE AND ITS RECEPTORS 

Somatotropin or growth hormone (GH) is a protein 

produced by the anterior pituitary gland of all animals, 

which is an important endocrine factor for normal growth and 

lactation in mammals. Recombinant bovine ST is a highly 

complex protein which consist of either 190 or 191 amino 

acids with one of two amino acids ( leucine or valine) at 

position number 126 in the protein sequence (Wood et al., 

1989) . Somatotropin secretion is regulated by two hormones 

produced by the hypothalamus, growth hormone releasing 

factor (GRF) and somatotropin release inhibiting factor 

(SRIF). Baldwin and Middleton (1987) noted that the primary 

control of ST release is dependent upon the balance between 

GRF and SRIF. Enright et al. (1986) showed that injection 

of GRF increases ST secretion so they proposed its use as an 

alternative to ST for enhancement of growth and milk 

production, while Spencer et al. (1981) suggested the use of 

antibiotics to inhibit SRIF synthesis, which would result 

in higher ST in the blood. Somatotropin is not stored in 

the body and is rapidly cleared from blood through 

degradation of the original protein to amino acids. 

Somatotropin receptors appear to belong to a family of 

receptors that include prolactin receptors (similar to the 
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ST receptor) and a nioinber of interleukin receptors (Mathews, 

1991). A single ST molecule can bind to two receptor 

molecules, each in a different region of ST. The ST 

receptors may be internalized following binding of the 

ligand, but the role of internalization in signal 

transduction, as well its second messenger is unknown 

(Roupas and Herington, 1989) . 

Anfinson et al. (1975) reported that ST release in 

cattle appears to be asynchronous and episodic. 

Additionally, Gluckman and Breir (1987) showed an episodic 

ST pulse that occurs throughout the day in Angus steers. 

These pulses appear to have no consistent relationship to 

time of feeding or to time of day, but variation between 

animals was considerable. Effect of photoperiod on 

circulating levels of ST has been reported by some 

researchers, although others have not observed these 

effects. Evans et al. (1991) found that cows exposed to a 

light pulse at 1800 to 2000 h exhibited a circadian rhythm 

for prolactin and ST release, with higher concentrations 

during the light period. The authors concluded that 

expression of the circadian rhythm for these hormones 

depends on the photoperiod to which the cows are exposed. 

MECHANISM OF ACTION OF BST 

The mechanism of action of bST involves a series of 

orchestrated changes in the metabolism of body tissues so 

that more nutrients can be used for milk synthesis. These 
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adaptations involve both direct effects on some tissues and 

indirect effects on others; and are mediated by 

somatotropin-dependent somatomedins ( IGF-I and IGF-II). 

Two cell types that are well established as major direct 

targets of bST are the adipocyte and the hepatocyte. In 

contrast, effects on the mammary gland are thought to be 

indirect (Bauman and Vernon, 1993). Experiments using liver 

tissue samples from bST-treated cows showed that conversion 

of propionate to glucose was 90% as efficient as controls, 

and there was a five-fold label bicarbonate incorporation 

into glucose. Overall, bST treatment resulted in greater 

glucose flow from propionate and acetate through the TCA 

cycle. In conclusion, bST treatment resulted in increased 

rates of gluconeogenesis and oxidation in the liver in 

support of lactation (Knapp et al, 1992). Some of the 

hormonal changes observed were that bST enhanced plasma ST 

and IGF-I, but had no effect on insulin (Cisse et al., 

1991). In another study, serum Cortisol and thyroxine did 

not change, but IGF-I increased 128% when bST was 

administrated (West et al., 1991). Also, hormonal 

differences were found by Sartini et al. (1988) when plasma 

from low and high producing cows was sampled at d 30 and 90 

postpartum. Insulin concentrations were reduced at d 30 in 

both groups of cows compared with concentrations in 

nonlactating cows, while glucagon concentrations were 

unchanged. Growth hormone concentrations were higher at d 
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30 in high producers than at d 90, and than in I:w producers 

at d 30. Nonlactating cows had lowest levels of 3T and no 

differences were observed for adrenocorticotropin. These 

authors concluded that the elevated GH and low Cortisol 

concentrations likely participate in the enhanced production 

observed in high producing dairy cows. 

It is known that ST action is mediated through IGF-I, 

which together with other stimuli modulate mammary gland 

development and function. McGuire, et al. (1992) indicated 

that insulin-like growth factors are important mediators of 

growth, lactation, reproduction, and health. However, their 

precise mechanism of action are not fully elucidated. In 

addition to an endocrine action, IGF also acts in an 

autocrine and/or paracrine manner. Therefore, ST may cause 

increased IGF synthesis by the liver and may also stimulate 

the local production of IGF in other tissues. It has been 

shown that treatment of lactating cows with bST increased 

circulating levels of IGF-1 { Davis et al., 1987/ Cohick et 

al., 1989, 1992; Vicini et al., 1991; Cisse et al., 1991). 

Prosser et al. (1989) noted that milk IGF-I levels were 

increased in bST treated cows; however, the change is within 

the range of physiological values for untreated cows 

(Collier et al., 1991). 

Effects of bST treatment on circulating concentrations 

of IGF-II are inconsistent. Vicini et al. (1991) found that 

IGF-II concentrations of bST treated cows were not affected 
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by stage of lactation, however they tended to be higher when 

cows were dry. McGuire et al., (1992) observed a small 

increase in IGF-II due to bST treatment, while Davis et al., 

(1987) did not find a change. The galactopoietic response 

to injection of bST was associated with an increase in 

plasma concentration of IGF-I; however, changes in plasma 

concentrations of IGF-II were not associated with changes in 

milk yield ( Davis et al., 1987). 

Action of IGF is initiated by specific binding to cell 

surface receptors. Two types of receptors (type I and type 

II) for IGF have been identified in bovine mammary tissue, 

type I is structurally homologous to the insulin receptor, 

has a high affinity for IGF-I and a low affinity for IGF-II 

and insulin (Dehoff et al., 1988; Hadsell et al., 1990). 

It is believed that receptors for IGF are involved in the 

IGF-mediated action of ST on the mammary gland, based on the 

failure to detect receptors for ST in bovine mammary tissue 

(Gertler et al., 1984) and the failure of ST to stimulate 

growth or milk secretion by bovine mammary tissue in vitro 

(Baiamrucker et al., 1985). Dehoff et al. (1988) found that 

type II receptors were relatively more abundant than type I 

in membranes from both lactating and nonlactating animals. 

Based on their finding that lactation is associated with 

increases in the concentration of both receptor subtypes, 

specially type I, they concluded that changes in receptor 

distribution could play a role in modulating the 
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physiological effects of the IGF on the mammary gland. 

McGuire et al., (1992) suggested that bST treatment of 

lactating cows may increase the presence of IGF receptors in 

mammary tissue because immunoreactive IGF-I is increased 

during bST administration. 

Sharma et al. (1994) found that milk yield was greater 

for untreated cows in early lactation than for mid and late 

lactation controls and that all cows except those in early 

lactation were in positive energy balance. Furthermore, 

serum IGF-1 increased as lactation progressed and was 

greatest during the dry period. Liver IGF-1 mRNA was less 

in cows in early than in late lactation, but greater in 

lactating than in dry cows. Treatment with bST increased 

milk yield and concentrations of serum IGF-1, hepatic IGF-1 

mRNA, and serum IGF-binding protein-3. Based in these 

findings, Sharma et al (1994) concluded that IGF-1 may play 

an endocrine role in mediating galactopoietic effects of 

exogenous bST during late lactation. However, the role of 

IGF-1 during early lactation remains unclear. 

Three major factors that control milk production by the 

mammary gland are blood nutrient concentrations, blood flow 

to the udder, and the biosynthesis capacity of the udder 

(Baldwin et al., 1985). Fatty acids in blood increased when 

ST was injected in cows in early lactation, but changes in 

blood nutrient concentrations were small or absent and not 

sufficient to explain the increase in milk production. 
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However, ST increased blood flow and since maitimary gland 
2 

secretory cell niombers are highly correlated (r=0.8) with 

milk production and glucose utilization, mammary tissues 

were modified in favor of milk biosynthesis in the bST-

treated cows (Middleton et al., 1988). The observed effects 

of bST are mainly an increase in gluconeogenesis. Fatty acid 

(FA) oxidation, nitrogen retention and protein synthesis; 

and a decrease in glucose oxidation and FA synthesis 

(Vernon, 1989). 

West et al. (1991) found that bST did not affect blood 

PH, but blood pCO, , blood bicarbonate and total CO, 

declined. Serum triglycerides increase 89% in cows 

receiving bST. Also, there was a shift to more long chain 

fatty acids in milk and plasma, which was probably because 

of tissue mobilization. Cows treated with bST in early 

lactation showed little change in blood metabolites from the 

hormone treatment, suggesting that whatever differences did 

occur were not because of direct action of bST, but because 

of energy balance problems associated with early lactation 

and high milk production. This is further supported by the 

observation that bST-treated cows produced the same amount 

of milk as controls (Miller et al., 1991). 

Bines and Hart (1982) stated that realization of the 

milk production potential depends on the mammary gland 

receiving adequate amounts of nutrients in correct 

proportions. Provided the cow is fed adequately in relation 
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to her potential yield, supply to the body of those 

nutrients absorbed directly from the gut is not likely to 

limit milk synthesis. Glucose and long-chain FA; however, 

are not absorbed from the gut in adequate amounts for high 

milk production. Hence, metabolic factors, primarily 

hormones, determine their supply and often limit milk yield. 

Moreover, the cow's potential cannot be realized fully 

unless nutrients are channeled selectively toward the 

mammary gland. This occurs naturally in the high-yielding 

cow in early lactation and probably can be maintained 

artificially into mid lactation by use of supplemental bST. 

CARBOHYDRATE METABOLISM 

The effects of bST on carbohydrate metabolism are 

related to insulin-antagonistic effects. On a subcellular 

level, ST affects the adenylate cyclase- cAMP- protein 

kinase system, which antagonizes the action of insulin 

(Davidson, 1987) . Insulin enhances expression of the mRNA 

of pyruvate kinase and glucokinase and also inhibits mRNA 

transcription of phosphoenolpyruvate carboxikynase (PEPCK), 

all of which are key enzymes in glucose oxidation and 

gluconeogenesis (Pilkis et al., 1988). 

Hepatic rates of gluconeogenesis are increased with bST 

treatment of dairy cows as demonstrated by in vivo (Cohick 

et al., 1989) and in vitro studies (Knapp et al., 1992). 

The mechanism has not been clarified but seems to involve a 
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decreased ability of insulin to inhibit gluconeogenesis 

(Boisclair et al., 1989). In contrast, ST treatment had no 

effect on liver glycogen concentrations in lactating cattle 

in positive energy balance (Pocius and Herbein, 1986); 

although it did induce a small decrease in cows in negative 

energy balance (Knapp et al., 1992). 

Long-term bST or GRF treatments in growing ruminants 

have been associated with high levels of insulin in plasma 

(Eiseman et al., 1986). Other researchers who reported 

similar results observed that levels of insulin were 

positively related with dietary energy in bST-treated 

animals. Increased insulin might also occur in lactating 

cows fed a high energy diet when injected with bST, because 

of a lactogenic action. 

In conclusion, ST has various effects on carbohydrate 

metabolism. This is of special importance in lactating 

dairy cows, in which 60 to 85% of the glucose used for millc 

synthesis by the mammary gland comes from hepatic 

gluconeogenesis. Treatment of cows with bST increases the 

glucose irreversible loss rate (ILR) and reduces whole-body 

oxidation of glucose. Adaptations in glucose production and 

oxidation in bST-treated cows provide the extra glucose 

required for the increased milk synthesis resulting from 

injection of bST (Bauman et al., 1988). 



LIPID METABOLISM 

In relation to the overall shifts in nutrient 

partitioning, ST effects on lipid metabolism are a major 

component by reducing lipid synthesis in adipose tissue 

(Boyds and Bauman, 1989). Studies with bST and purified 

pituitary ST suggest that the increased lipolysis occurs 

after a lag-phase of about one hour, both in vivo and in 

vitro. Since ST receptors have not been found in adipocytes 

of farm animals, ST might enhance lipolysis indirectly by 

changing the responsiveness of adipocytes to other hormones 

(Vernon, 1989). 

Insulin regulates the rate of transcription of the 

mRNA's of FA synthetase and glucose 6-phosphate 

dehydrogenase; while the acetyl CoA carboxylase, pyruvate 

dehydrogenase and glycerol phosphate acyltransferase are 

regulated by covalent modification (phosphorylation-

dephosphorylation), These enzymes are affected by ST 

through the cAMP-protein kinase system, resulting in both 

phosphorylation and inactivation (Davidson, 1987), 

Hormone sensitive lipase (HSL) can be altered by ST 

through directly enhancing its responsiveness to 

epinephrine. This enzyme is activated by cAMP-dependent 

protein kinase and accelerates the release of FFA from 

triacylglycerol stores. Treatment with ST also results in 

reduced response of adipose tissue to homeostatic signals 

that stimulate lipogenesis, such as insulin; thus enhancing 
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the responsiveness to homeostatic signal that affects 

lipolysis, such as epinephrine. Although treatment with ST 

can lead to an increased FFA concentration in plasma 

indicating enhancing lipolysis, the results appear to be 

dependent of the level of energy intake of the animals 

(Eisemann et al., 1989a), Peters (1986) showed that only 

feed restricted steers had high plasma concentration of FFA 

when treated with bST. 

Liesman, et al. (1995) continuously infused cows for 

63 days with either recombinant GHRF or bST or a placebo 

control. Both Hormonal treatments increased HSL activity 

per gram of adipose tissue and reduced FA esterification. 

Protein concentration in adipose tissue of both treatment 

groups was greater than that of the control, although 

protein concentrations were less in adipose tissue of cows 

treated with GHRF than with bST. In mammary tissue, GHRF 

increased fat synthesis from acetate more than did bST, but 

percentages of fat and short-chain FA in milk were not 

different between treatments. 

Changes in lipid metabolism play an integral role in 

responses to bST treatment and vary according to the 

animal's energy balance. When cows are near zero or in 

negative energy balance, bST treatment increases 

mobilization of body fat reserves as evidenced by a chronic 

elevation of circulating of nonesterified fatty acids 

(NEFA), decreased body fat content, and increased milk fat 
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content (Bitman et al., 1984; Eppard et al., 1985 Sechen et 

al., 1990). Rates of lipid synthesis in adipose tissue are 

low and related to further attenuation by bST. This 

situation is most likely to occur when bST treatment is 

initiated in early- to mid-lactation, and the increased 

reliance on NEFA as metabolic fuel facilitates the reduction 

in glucose oxidation. 

In contrast, when animals are in positive energy 

balance at the time of initiation of bST treatment, the 

major effect of bST is to inhibit lipid synthesis with 

little or no change in lipolysis, milk fat percent, or FA 

composition of milk (Eppard et al., 1985; Peel and Bauman, 

1987). This most likely to occurs when bST is initiated in 

mid- or late lactation; thus decreasing absorbed nutrient 

utilization and use of body fat stores, thereby enabling 

nutrients to be directed to other tissues in support of 

increased milk synthesis. 

Somatotropin reduced the effects of insulin on 

lipogenesis, but did not prevent an acute stimulation of 

lipogenesis by insulin in pigs; however, treatment of 

lactating cows with bST reduces glucose response to an 

insulin challenge (Sechen et al., 1990). Thus, 

physiological concentrations of insulin would be less 

effective in increasing the rate of lipogenesis. The 

mechanism whereby bST inhibits the effects of insulin on 

lipogenesis is still unknown. 



29 

PROTEIN METABOLISM 

Treatment of hypophysectomized laboratory animals or 

intact farm animals with exogenous bST causes a remarkable 

increase in lean tissue growth (Boyds and Baumann, 198 9). 

Muscle growth is accomplished by two fundamental processes, 

cell proliferation and protein accretion. Available 

evidence suggests that bST affects both of these components. 

Eisemann et al. (198 9b) showed that protein synthesis 

increased in most muscle tissues of beef steers treated with 

bST without changes in RNA activity. This research 

suggested that the effect of bST to increase protein 

synthesis is at the transcriptional level. However, they 

observed differences in RNA content and RNA/DNA ratios in 

only one of the muscles measured. 

Eisemann et al (1989a) showed that the increased in 

nitrogen retention was usually the result of a decrease in 

urinary nitrogen excretion in bST-treated animals, which 

indicates that bST mainly decreases nitrogen catabolism in 

post absorptive processes, as was shown by the coordinated 

action of the liver in sparing amino acids (Reynolds et al., 

1992) after administration of bST. Generally, nitrogen 

balance of cows treated with bST is negative until feed 

intake increases equal to the production stimulus of the 

bST. 



30 

INTERACTION OF BST MID STAGE OF LACTATION 

Stage of lactation in dairy cows has different effects 

on milk response to bST, so when administrated in early 

lactation during the interval immediately postpartum and 

prior to peak milk yield, response to bST is positive, but 

minimal (Richard et al.,1985); partly because lactating cows 

are usually in negative energy balance for several weeks 

after calving. Richard et al. (1985) also showed that milk 

yield response was inferior in Holstein cows started on bST 

treatment prior to peak milk yield compared to those started 

at 60 days after calving, probably because of the higher 

endogenous ST secretion and the negative energy balance, 

resulting in a shortage of lactose precursors in early 

lactation cows. Also, Bines and Hart (1982), suggested that 

the diminished response in early lactation is because normal 

levels of bST produced by the pituitary gland of the cow are 

higher during this period, so the large increase in bST 

through injections are less effective. 

McGuffey et al. (1991) determined Lactation performance 

on Holstein cows supplemented with 0, 320, 640 or 960 mg of 

somidobove (bST) every 28 days with treatments in early (28 

to 45 DIM), mid (111 to 156 DIM), or late (166 to 334 DIM) 

lactation which consisted of 9, 6, or 3 administrations. 

Milk and 3.5% FCM yields were increased by each dose of 

somidobove in all stages, while milk composition and dry 
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matter and energy intakes were similar among treatments 

within each stage of lactation. 

Heavy commercial use of bST far different segments of 

the lactation cycle is because response varies according to 

stage of lactation. Supplementation of bST not only causes 

milk yield to increase, but persistency of production also 

is improved. Thus, calving interval for optimal economic 

returns may be substantially increased when bst is used 

(Baumann, 1992) . Extending the calving interval also 

benefits cow physiology by improving conception rates 

(Trimberger, 1954), probably because of a better nutritional 

status at time of insemination. 

Galton et al. (1997) stated that short calving 

intervals have been a long-time recommendation for 

maximizing herd profitability with greatest marginal profit 

realized in early lactation. However, in recent years, 

dairymen have justified longer calving intervals for high-

producing cows and herds. Longer calving intervals with 

extended lactations could result in a higher average DIM, 

fewer days dry, greater total milk yield per life-time, 

lower culling rates, and a greater persistence of lactation. 

These might be accomplished by bST through increased milk 

yield and persistence. It was shown that extended calving 

intervals (18 months) with bST treatment increased 

profitability about $0.75 per day of productive life 
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{$274/cow/yr), mainly because of an extended heri life, the 

additional milk income, and reduced heifer cost. 

A study in Africa (Phipps et al., 1997) with Holstein 

cows showed that delaying treatment of 500 mg of a 

prolonged-release formulation of bST from 90 to 120 or 150 

days postpartiam resulted in similar milk production 

responses of 3.5, 3.4, and 3.2 kg/d, respectively. The milk 

production response of 6.1 kg/d recorded in another study by 

the same authors was attributed to an excellent plane of 

nutrition and delayed treatment initiation. For non 

pregnant cows that were to be culled, the prolonged-release 

formulation of bST was efficacious and could be used to 

extend the lactation period. 

Lean et al., 1991 showed that older cows previously 

exposed to bST at high doses (51.6 mg/d) had lower milk 

yields than controls. However, there were no significant 

differences in milk yield compared with controls for a lower 

dose (17.2 mg/d) of bST. However, the bST-treated groups 

had higher DMI, lower serum FFA, lower serum beta-

hydroxybutyrate, and higher serum glucose than controls. 

The authors concluded that bST-treated cows were probably 

more energetically efficient in milk production, because 

more energy came from feed than from mobilization of tissue 

stores. These data suggest that bST use in a prior 

lactation may have potential benefit in reducing risk of 

metabolic disorders associated with lipid mobilization 



during the postparturient period of the subsequent 

lactation. 
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INTERACTION OF BST AND NUTRIENT DENSITY IN THE DIET 

Energy density in the diet and bST 

Energy requirements are increased because milk yields 

are elevated by bST. Needs appear to be met primarily by an 

increase in feed intake or, when cows are in negative energy 

balance, by greater lipid mobilization. In the later case, 

it is important that restoration of body energy stores 

occurs during late lactation to prepare for the subsequent 

lactation. Coordinated changes in many tissues and 

physiological processes occur to support the increases in 

the synthesis of lactose, fat and protein in the mammary 

gland. Changes in the irreversible loss and oxidation rates 

of two key metabolities, glucose and FFA, can quantitatively 

account for the increases in lactose and milk fat during 

short-term administration of bST. Similarly, higher feed 

intakes and greater live weight changes might account for 

milk yield increases in the longer-term experiments (Peel 

and Bauman, 1987). 

Injection of high producing dairy cows with bST has 

shown to increase milk production up to 40% (Bauman, 1992) . 

This increased milk production is initially supported by 

body tissue mobilization, as in early lactation cows; later 
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bST increases feed intake in support of the higher 

production. Cows injected with bST are similar to 

genetically superior cows which might undergo a severely 

negative energy balance during early lactation when 

nutrients and energy intakes are limited; thus, they should 

be fed accordingly. Since increased feed intakes are 

observed at about 5 weeks after initiation of bST treatment, 

energy density of diets should be increased to avoid 

excessive tissue mobilization and related metabolic 

disorders. 

Energy density can be increased by feeding more grain 

and less fiber, but a negative effect on rumen fermentation 

might result. Feeding supplemental fat also can increase 

energy density of diets. As with the genetically superior 

cow, realization of the full benefits of bST requires 

competent nutritional management. However, Hemken et al. 

(1991) found that the interaction between dietary energy 

concentration and bST treatment was not significant for any 

response variable. Dry matter intake was higher for cows 

receiving bST for two consecutive lactations, but body 

Weight gains during lactation were similar for all 

treatments; indicating that bST-treated cows built energy 

reserves for the subsequent lactation. 

In a study by Miller et al. (1991) the relationship 

between early lactation and bST administration on nutrient 

uptake by the mammary gland was determined. They concluded 
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that physiological and nutritional demands at peak 

production and in bST-treated cows appeared similar. 

Mediation of nutrient delivery and uptake by the mammary 

gland were similar in these two physiological states, 

suggesting a similarity between homeostatic and homeorhetic 

mechanisms regulating these processes. The exception was an 

apparent reduction in ketogenesis in bST-treated versus 

early lactation cows. In another study conducted by 

Schneider et al. (1990), cows in early lactation were 

supplemented with calcium soaps of long chain fatty acids 

and injected with bST. In absence of supplemental fat, bST 

increased production of 3.5% FCM 3.6 kg/d, while with fat 

supplementation the increase was of 6.3 kg/d. 

Dietary protein and bST 

As mentioned earlier, administration of exogenous bST 

increases milk production; but feed intake is only increased 

after several weeks, suggesting that the additional 

nutrients initially required for increased milk synthesis 

must come from body reserves. Injection of bST during early 

lactation increases mobilization of fatty acids from adipose 

tissue, which also increases FFA concentrations in blood 

(Bauman et al., 1988). Mobilization of Amino acids (AA) 

from body reserves and synthesis of glucose also appear to 

be increased when bST is administrated (Pocious and Herbein, 

1986; Bauman et al., 1988). If bST increases energy 
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mobilization and glucose synthesis more than mobilization of 

AA's (in relation to nutrient requirements for milk and milk 

protein production), a deficiency of AA's may occur. This 

deficiency of AA may be alleviated by maximizing ruminal 

fermentation, by feeding ruminally-protected protein by 

supplementation of AA's, or by all of these methods. 

Postriaminal administration of protein and AA's to dairy cows 

has increased milk and milk protein production (Clark, 

1975) . Nitrogen balance of cows treated with bST is 

generally negative until feed intake increases equal to the 

production stimulus of the bST. De Boer and Kennelly (198 9) 

increased milk production of dairy cows both by injecting 

bST and by increasing CP in the diet from 11 to 16%. 

McGuffey et al. (1990) reported that milk production 

of high producing cows receiving somidobove (bST) may be 

limited by the amount of protein available at the small 

intestine. Also, findings of Orskov et al. (1977) provide a 

more likely explanation to the differential response to 

protein supplementation among diets. In their studies, 

providing cows in negative energy balance with protein at 

the small intestine either by abomasal infusion of casein or 

by feeding fish meal (a highly undegradable intake protein 

source) increased milk production through enhanced 

mobilization and utilization of body fat reserves. The 

increased milk response to the higher RUP led to a greater 

energy deficit. 
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Body reserves available for mobilization by the cow are 

rich in energy and poor in protein. In general, AA's for 

milk synthesis must come from the ration, either through 

microbial protein or through escape of feed protein from 

rumen degradation. Peel et al. (1982) failed to show any 

benefit of abomasal infusion of sodium caseinate and glucose 

in cows receiving daily injections of bST in a 10-d 

experiment. They reported that the postrxominal infusion of 

nutrients alone increased milk yield and milk protein, but 

when combined with injection of bST, the infusion did not 

stimulate a greater response than observed for injection of 

bST alone, probably because the requirement for glucose and 

AA's was already being met by the basal diets and nutrients 

mobilized from body reserves. Similar results were found by 

Winsryg et al. (1991), who failed to show a response to 

increased UIP (33% of total CP) in diets of bST-treated 

cows. The source of UIP was from meat and bone and corn 

gluten meals. One of the problems in this study noted by 

the authors was that % CP in their diets was only 14, and 

may not have provided sufficient ammonia for optimal rumen 

fermentation when UIP was increased. 

The high percentage of methionine and lysine extracted 

from blood by the mammary gland (Clark et al., 1978), 

compared with other AA,s , emphasizes the importance of 

these two AA's for milk production. Both Met and lys have 

been reported to be limiting for lactating dairy cows in a 
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wide variety of diets (Rogers et al., 1987). I" .:.nois 

workers ( Lynch et al., 1991) showed that postruminal 

infusion of Lys and Met did not affect milk production or 

composition of bST-treated or control cows, suggesting that 

the combination of the control diet and body reserves 

provided sufficient Lys and Met for the milk and milk 

protein produced. However, bST administration increased 

milk production, 4% FCM, milk fat percentage and yield, and 

production of milk protein. 

Energy and protein densities in the diet and bST 

Lormore et al. (1990) evaluated effects of injected bST 

and nutrient density diet in a 2 x 2 factorial design. 

Factors were RUP in the diet vs energy concentration. The 

bST dosage was 25 mg/d for all treated cows. 

Supplementation of dietary fat (high energy) and RUP had no 

effect on milk yield of bST-treated cows. The source of RUP 

was corn gluten meal, which is low in Lys and Lys is assumed 

to be the first limiting AA for high producing cows. Also, 

the RUP effect seemed to be negatively influenced by 

supplementation of the calcium soap (Megalac). These 

findings suggest that feeding of energy and protein above 

NRC recommendations to high producing cows injected with bST 

did not significantly increase milk production. Addition of 

higher quality RUP should be considered. 



39 

In a 2x2 factorial design, Austin et al. (1991) tested 

the effects of high energy and protein versus control diets 

with cows treated or not treated with bST. They found that 

milk production in early lactation was improved 11% by bST, 

without altering milk composition; while supplemental 

protein and energy improved milk production 7%. When cows 

receiving bST were fed supplemental protein and energy, milk 

production increased in 13%. 

INTERACTION OF BST AND HEAT STRESS 

It is well documented that the stress of hot 

environments lowers productive and reproductive efficiency 

in farm animals, especially in dairy cattle in many areas of 

the United States (Fuquay, 1981; Collier et al., 1982). 

Heat stress occurs when the heat load by the cow is greater 

than her capacity to lose heat. The cow's heat load is made 

up of her own body heat production plus environmental heat 

which is affected by air temperature, relative humidity, air 

movement, and solar radiation (Buffington et al., 1981). 

Ambient temperature and humidity are combined into a 

Temperature Humidity Index (THI). When the THI exceeds 72, 

high producing cows start to be stressed, while severe 

stress take place in cows when THI is between 89 and 98. 

Cows react to heat loads in several ways, they generally 

seek out shade, reduce feed intake, increase water intake, 

change metabolic rate and maintenance requirements, and 
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Stand rather than lie down. In addition, blood flow to 

internal organs is decreased, while blood flow to the 

periphery is increased. Respiration rate, body temperature 

and sweating also increase. These adjustments allow the cow 

to reduce her own heat production and/or to release heat 

more easily to the environment. 

Exposure to extreme heat stress by preventing access to 

shade in hot weather lowered feed intake and milk production 

in dairy cows; and resulted in hyperventilation, increased 

blood PH and reduced blood bicarbonate, a measure of 

buffering capacity (Schneider et al., 1984). In addition, 

heat stress disturbed metabolic processes as indicated by 

elevated ser\am Cortisol (Wise et al., 1988) and lowered 

plasma thyroxine, and triiodothyronine, when compared 

with cows in a thermoneutral environment (Magdub et al., 

1982) . 

Cows which are severely heat stressed for extended 

periods (at THI above 80) decrease 25 to 35% in milk 

production if not cooled to reduce thermal discomfort, which 

manifests itself primarily by decreased in feed intake 

(Huber et al., 1994). West et al. (1994) observed that cows 

are just as responsive to bST in hot as in cool weather, 

even though greater variation in milk yield response was 

noted in cows treated with bST during hot compared to 

moderate or cool ambient temperatures. Heat stress in cows 

exposed to hot or hot and humid environmental conditions 
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reduces DMI and milk yield, but increases maintenance energy 

of the cows. High yielding cows have greater metabolic 

activity and produce more body heat than those with lower 

yields, thus greater milk yield may increase heat stress if 

the cause of that stress is not mitigated. Heat stress of 

lactating cattle results in dramatic reduction in roughage 

intake and rumination, which contribute to decreased VFA 

production and may contribute to an alteration in 

acetate/propionate ratios (Collier et al., 1981). Response 

of lactating cows to hot environments has been related to 

stage of lactation and level of milk production; However, 

Maust et al. (1972) reported that cows in mid lactation were 

more affected by heat stress than those in early lactation. 

Sullivan et al. (1992) reported that cows treated with 

bST compared to controls exhibited slightly higher rectal 

temperatures during the hot summer months, but no 

significant difference in milk yield response to bST was 

noted during periods of moderate versus high ambient 

temperatures when cows were evaporatively cooled. Lotan et 

al. (1992) tested the effect of bST injections on milk 

production and composition in Israeli Holstein cows with 

yields of over 9,000 kg/yr and undergoing climatic stress 
0 

(mean maximum temperature of 38 C) . Administration of bST 

increased total lactation milk production 12%, fat yield 

15%, and protein yield 13%. Injections of bST also resulted 

in slight increases in fat and protein percentages. Daily 



42 

milk production during the bST treatment period was 

increased 4.4 kg. Francois et al. (1992) reported that cows 

treated with bST, when exposed to heat stress, experienced 

higher rectal temperatures throughout the trial than those 

treated with a placebo. Nonetheless, bST increased milk 

yields in both the thermoregulated and heat stress 

environments. Hyperthermia induced by heat stress and 

associated changes where greater for cows treated with bST. 

Detected effects of heat stress on the immune system (e.g. a 

decrease in the migration of leukocytes to the mammary 

gland) were not alleviated by bST. 

INTERACTION OF BST AND REPRODUCTIVE PERFORMANCE 

A two lactation trial performed by Cole et al. (1992) 

identified lameness and clinical mastitis in a group of cows 

receiving 3000 mg/14 d of bST (6 times normal); moreover, 

there was a greater early removal from the herd and 

decreased reproductive performance. Injections were given 

from 60 d postpartum until the end of lactation. 

Reproductive health generally was unaffected by bST 

treatment, but delayed conception and increased abortions 

were noted. Incidence of cystic ovaries was unaffected by 

bST. Pregnancy rates were decreased during the 100-d 

breeding interval of year 1, but not during the 215-d 

interval of year 2. 
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Zhao et al. (1992) found that number of services per 

conception and days open were not affected by normal levels 

of bST treatment. However, incidence of GnRH therapy and 

number of days to the first service were higher for cows 

receiving daily injections of bST than for control cows. No 

differences were shown between cows receiving sustained-

release and daily injections of bST for any of the health or 

reproductive variables monitored. 

Hemken et al., 1991 observed that cows receiving bST 

tended to ovulate less regularly than controls, which may be 

attributed to their high milk yield. Ovarian quiescence 

(defined as a period of at least 4 consecutive wk during 

which serum progesterone remained above 10 ng/ml) was 

exhibited more frequently by cows receiving bST (11 of 21) 

than by controls (2 of 8). Moreover, 7 of 8 control cows 

(88%) became pregnant compared with 13 of 21 cows (62%) 

receiving bST. Paradoxically, services per conception were 

somewhat lower for the bST treatments than for controls, 

suggesting that cows cycling normally may conceive more 

readily, albeit later, when treated with bST, Although 

energy concentrations of the diets had no significant impact 

on milk yield, the higher energy diet tended to depress milk 

fat concentration. 

As it is well-documented that higher yielding cows tend 

to be more susceptible to poor reproductive performance and 

some health problems, analyses have also shown that bST-
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treated and untreated cows with similar milk yield were not 

different in reproductive efficiency. Increasing milk yield 

was antagonistic to reproduction with higher yielding cows 

(>7,700 kg/lactation) resulting in lower first service 

conception rates (38.6%) than lower yielding cows (< 5,900 

kg/lactation) which had conception rates of 48.5%. When a 

comparison was made of the reproductive performance of cows 

of a similar initial milk production between the bST and 

control groups, apparent effects of bST on reproduction were 

because of the increased milk production, and not to any 

direct effect of bST. 

Gonadotropin releasing hormone (GnRH), used in 

combination with prostaglandin, can help to synchronize the 

reproductive cycles in cows. Pertaining to breeding 

problems, these observations have been made with GnRH in 

previous trials: there is a carryover effect of GnRH from an 

earlier service that translates into higher pregnancy rates 

in a subsequent service that is without GnRH intervention 

(Rosenberg et al., 1991; Stevenson et al., 1990; Stevenson, 

1994). This phenomenon presumably stems from the fact that 

GnRH leads to higher progesterone being produced by the 

corpus luteum that forms following first service (Lee et 

al., 1985). For years, it has been stated that double 

insemination of "repeat" cows would increase their chances 

of becoming pregnant. Experimental data refute that common 

belief. In contrast, use of GnRH at all services, rather 
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than double insemination, led to increased pregnancies in a 

trial where both methods were evaluated simultar.eously 

(Stevenson et al., 1990). Gonadotropin releasing hormone 

has become an invaluable tool in reproductive management 

programs for dairy cows. 

STRATEGY FOR USE OF BST 

Studies consistently have demonstrated that milk 

production could be increased by as much as 10 to 25% in 

cows treated with bST (Bauman et al., 1985) . Hence, bST 

treatment offers an attractive strategy for the management 

of milk production in dairy herds, because the hormone does 

not affect milk quality, milk composition and has no 

reported side effects on cows. Treatment of bST following 

peak milk production results in a substantial increase in 

milk yield, and a marked improvement in the persistency of 

production throughout lactation. Generally, milk response 

is small when bST is administered during the interval 

immediately postpartum and prior to the peak of milk yield, 

probably because cows are in a negative energy balance and 

endogenous bST concentrations are high (Bines and Hart, 

1982). Several studies have shown that cows treated with 

bST after recovering from the negative energy balance of 

early lactation (90-100 d of lactation) have a greater 

response to the hormone supplementation (Bauman, 1992) . 

Huber (1995) made a general recommendation to start using 
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bST only when cows have reached peak lactation and are 

gaining in body condition. However, some dairymen prefer to 

wait until after cows are confirmed pregnant to avoid added 

energy stress at time of breeding, which might be caused by 

the increased milk yield induced by bST treatment. 

After treatment with bST sustained-release, a gradual 

increase in milk yield occurs during the first few days 

which maximizes about the sixth day, and the magnitude of 

response is related to bST dose. Most production trials 

have used bST doses of between 10 and 50 mg/d, but maximum 

milk response was achieved at doses of 32 to 40 mg/d 

(Bauman, 1992). Use of sustained-release bST is desirable 

to reduce frequency of administration and labor 

requirements. Improvement in production over controls for 

intervals of 14, 21 and 28 days and doses of 320, 640 and 

960 mg, was 21, 18 and 17%, respectively (Otterby and 

Annexstad, 1988). The increased labor and cow stress 

resulting from daily injections has led companies producing 

bST to concentrate their research and marketing efforts on 

prolonged- release forms of administration. Currently, the 

only approved method of bST administration in the United 

States is biweekly injection of 500 mg starting at 2 months 

after calving (Ruber, 1995). 

Chalupa et al. (1996) showed that cows supplemented 

with daily injections of different doses of bST produced 

more milk, consiamed more feed, had lower rates of BW gain, 
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and had improved efficiencies of milk production. Increases 

in productivity were modest at 20.6 and 41.2 mg/d versus 

10.3 mg/d of bST. Concentrations of fat, protein, and total 

solids in milk were unaffected. At 10.3 mg/d, bST did not 

adversely affect reproduction or health. 

Hartnell et al. (1991) used Holstein cows to evaluate 

the response of different doses of bST injected at 14 d 

intervals as a prolonged-release formulation. Treatments of 

0, 250, 500, or 750 mg commenced at 60 d postpartum and 

continued throughout lactation. The increasing levels of 

bST increased 3.5% FCM yield in a dose-dependent manner for 

both primiparous (2.5 kg/d, 10.2%; 3.5 kg/d, 14.3%; and 5.9 

kg/d, 24.1%) and multiparous cows (3.1 kg/d, 12.1%; 3.9 

kg/d, 15.2% and 6.8 kg/d, 26.5%). Content of fat, protein, 

lactose, ash, Ca and P, and SCC in milk were not affected by 

treatment. Productive efficiency for multiparous cows also 

was significantly increased in a dose-dependent manner . 

Therefore, It was concluded that bST administration of a 

prolonged-release formulation of bST was efficacious in 

enhancing milk production and feed efficiency. 

Studies in Gambia (Africa) showed that 334 mg of a 

prolonged-release formulation of bST at 14-d intervals 

increased milk production of N'Dama cattle by 22% and 

increased the body weight gain of calves (Phipps et al., 

1997). In small dairy units in Zimbabwe, 500 mg of bST 

increased milk production from 8.0 to 10.0 kg/d (25%). Milk 
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production response of crossbred cows in Kenya increased 2.5 

kg/d at the lower dose (334 ing/14 d) ; no further increases 

were observed when the dose was raised to 500 mg ( Phipps et 

al., 1997). 

Bovine ST has been administrated both subcutaneously 

and intramuscularly. Subcutaneous administration is the 

preferred route of administration as it avoids tissue 

damage. Subcutaneous injections can be administrated at 

many sites on the cow, but dairyman inject in the shoulder 

or tail-head areas, with the latter being the most 

frequently used. 

Research has indicated that efficiencies with which 

energy is used for milk production and maintenance are 

unaltered by bST treatment (Bauman, 1992). These findings 

have the following implications: a). NRC requirements for 

both maintenance and production are applicable to the bST-

treated cows and b). The biology of milk production is 

unaffected by the use of bST. Therefore, the challenge of 

feeding the bST supplemented cow is similar to feeding other 

cows at a given level of production. Hence, there is no 

need to fortify rations in excess of normal nutrient demand 

for bST-treated cows. The bottom line for maximum return 

when using bST will depend upon adequate DMI and nutrient 

balance, insuring that cows dry off with body condition 

scores of 3.5 to 4.0, which should adequately prepare them 

for the subsequent lactation. 
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As indicated, feeding bST-treated cows is not markedly 

different from feeding unsupplemented cows of similar milk 

yield. Therefore, rations for higher producing cows should 

be balanced for maximum DMI. The Monsanto Company (1990) 

has proposed that formulating rations for maximum DMI will 

suffice for all but the highest producing cows in a herd. 

To achieve maximiom DMI, rations should contain around 20% 

ADF and 17.5% crude protein. Also, it has been shown that 

cows producing more than 40 kg milk/d may respond better 

when fat is added to the ration. Supplemental fat can be in 

form of oil seeds or rumen by-pass fat, but should not 

exceed 0,7 kg/d to avoid depressed intakes. 

Like the fresh cow, DMI in cows treated with bST lags 

behind increases in milk production for 2 to 5 weeks. This 

implies that before starting a cow on bST, her BCS must be 

adequate to supply the nutrients for an increase in milk 

production of 4 to 5 kg/d until DMI also increases. For 

optimal response, cows selected for bST treatment should not 

be losing body condition, and must have sufficient body 

reserves to compensate for the extra milk during the first 

several weeks of bST injections. The Monsanto Company 

(1990) showed that there was not a different response to bST 

on milk production in herds where BCS ranged from 2.2 to 

3.4. 

Protein concentration in the diet has to be increased 

during early lactation because of the protein demand of 
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milk production relative to the capacity of the cows to 

consume sufficient dry matter. Nitrogen balance of cows 

treated with bST is generally negative until feed intake 

rises equal to the production stimulus of bST. De Boer and 

Kenelly (1989) showed increased milk production of dairy 

cows by both injecting bST and by increasing crude protein 

in the diet from 11 to 16%. The largest increase in milk 

production was obtained when cows were injected with bST and 

fed a diet of 16% CP, which indicates that 11% CP is not 

adequate to meet the requirements of cows capable of 

producing 29 kg/d of milk. 

In conclusion, to obtain the maximum benefit from bST 

in commercial dairy farms, the prolonged-release form of bST 

should be injected at 500 mg every 14-d starting at least 9 

wk postpartum, or later if cows are recovering from a 

severely negative energy balance. Also, some prefer to wait 

until cows are confirmed pregnant (around 90 to 100 DIM) in 

order to avoid added energy stress at time of breeding. 

Injection of bST should be applied subcutaneously to either 

side of the tail-head of the cow to avoid tissue damage 

caused by intramuscular injection. Cows eligible for bST 

treatment should be healthy and have at least a 2.5 BCS; 

insuring a dry off condition score of 3.5 to 3.75 in 

preparation for the siabsequent lactation. Also, it is 

important to feed bST-treated cows according to NRC 
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requirements, thus striving to obtain optimum DMI, which can 

be obtained with a TMR of about 20% ADF and 17.5% CP. 

PERFORMANCE AND MILK COMPONENT RESPONSE TO BST AND GEIF 

Initiation of bST injections dramatically increased FCM 

production and maintained a positive response on production 

throughout the treatment period (Eppard et al., 1991) . When 

averaged over 16 injection cycles, 0.6, 1.8, and 3.0 g/14 d 

of bST increased FCM by 7.2, 9.4, and 8.4 kg/d over 

controls (21.1 kg/d) during the first lactation. However, 

during the second lactation, FCM was increased 10.6, 3.6 and 

4.9 kg/d over controls (24.8 kg/d) for the same doses of 

bST, respectively. Dry matter intake was significantly 

increased during the first lactation by approximately 3 kg/d. 

among all bST groups, while during the second year, DMI was 

only niomerically elevated. Overall, net energy intake was 

increased approximately 6 and 5.5 Mcal/d for bST-treated 

cows during the 1st and 2nd yr, respectively. Milk 

composition was unaffected during either lactation by bST. 

McBride et al. (1990) reported that administration of 

bST for a second consecutive lactation increased milk yield 

similarly to that of cows receiving bST for a first 

lactation; however, the increase in feed efficiency observed 

for cows receiving bST for a first lactation was less than 

those receiving bST for a second consecutive lactation. 
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According with Annexstad et al. (1990) bST increased 

3.5% FCM from 8 to 35% over controls. Cows receiving bST 

were 9 to 30% more efficient than controls in converting 

feed to milk. Body weight gain was unaffected by 

treatment, while BCS declined for cows given bST. 

Lacasse et al. (1991) found that GRF enhanced milk 

production (22.1 vs 24.2 kg of 4% FCM/d), feed intake (19.0 

vs 19.8 kg DM/d), feed efficiency (1.14 vs 1.21 kg of 4% 

FCM/kg DM) and IGF-I concentration; but did not affect milk 

composition or average daily weight gain. Overall, daily 

injection of GRF for 6 months stimulated milk production by 

9.5% and improved feed efficiency by 6.1% in dairy cows. 

Also, Barbano et al. (1992) showed that biweekly 

administration of bST increased milk production by 10.4%, 

but there were no effect on milk composition that would be 

of any practical significance to dairy product manufacturers 

or consumers. Concentration of lactose, fat, total solids, 

SNF, casein and true protein were similar in milks from cows 

receiving bST and their corresponding excipients. 

Bovine ST and GRF increased milk yield to 34.2 and 37.0 

kg/d, respectively, relative to controls (31.6 kg/d) (Dahal 

et al., 1991). Also, relative to controls and bST-treated 

cows, GRF increased serum somatoropin and IGF-1. Therefore, 

it was concluded that the increased milk induced by GRF was 

greater than that for bST. 
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several long-term studies with bST have shown that milk 

production almost always has been increased with very little 

concomitant change in fat or protein contents of milk 

(Armstrong, 1988; Chilliard, 1988; Barbano, 1992; Laurent, 

1992). Neither were milk fat or protein percentages in milk 

affected at time of maximum response to bST. Distribution 

of casein and protein in whey was not affected by bST 

treatments at any time. The fatty acid pattern in milk 

varied more with time after injection than with bST dose. 

Neither were coagulation time, standard curd firmness, nor 

soft or pressed cheese yields affected by bST treatment 

(Laurent et al., 1992). 

ARE2VS OF FUTURE RESEARCH OF BST 

One of the most potentially important biotechnology 

products for animal production is bST. Research in the 

technology of bST has been performed by scientists, who have 

supported by federal agencies, universities, and private 

industry. As a consequence of this extensive cooperation, 

more than 1000 studies have been conducted with over 20,000 

dairy cows to explore bST responses (Bauman, 1992). 

Moreover, the author mentions, that his personal perception 

concerning bST studies worldwide was that an additional 

21,000 dairy cows have been involved. Although much remains 

to be determined concerning the mechanism of bST action, a 

great deal already is known regarding tissue and biochemical 
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processes that are influenced. Also, although some studies 

have produced conflicting conclusions, a reasonable picture 

of resultant metabolic modifications is appearing, 

especially with regard to glucose and FA metabolism and 

their interactions. 

Although few studies have been conducted to explore the 

effect of genetic and phenotypic potential of cows on 

response of bST, some studies have shown that high producers 

respond more than low producers. However, others have 

reported that the response of high or low producers was not 

different (Sullivan et al.,1992). The response to bST as 

affected by genetic and phenotypic potential remains to be 

elucidated by further research. Also, studies on the effect 

of bST at different stages of lactation, particularly its 

economical effect on extended lactations would be useful. 

More research is needed on the response of bST under 

heat stress conditions when cooling systems are used to 

produce varying THI. Also, additional studies are needed to 

examine variability in heat tolerance of high producing cows 

receiving bST, and what possibilities may exist for more 

intensive selection of animals more tolerant to heat stress. 

Other useful research would evaluate more fully how bST 

might modify the basal metabolism of lactating cows under 

heat stress. Proper selection and management of high 

producing dairy cows and their offspring are key factors in 
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maximizing profitability of a dairy enterprise regardless of 

degree of heat stress. 

Finally, as it is well documented that responsiveness of 

cows to bST is variable among individual cows, and according 

with this author's short experience, cows that not respond 

to the first exogenous administration of bST will probably 

not respond to future injections. Hence, studies to 

identify these cows is highly recommended in order to 

increase average response and profitability of a herd 

treated with bST. 
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CHAPTER 3 

EFFECTS OF BST ON MILK YIELD AND C(»{POSITION 

OF HOLSTEIN COWS WITH ADVANCED LACTATION 

FED LOW OR HIGH ENERGY DIETS 

SUMMARY 

A preliminary trial was conducted to evaluate the 

effects of bST on milk production and composition in non

pregnant Holstein cows in very late lactation. Seven cows 

from the University of Arizona dairy herd with reproductive 

problems which averaged 16.2 kg/d and 424 DIM (279-560 d) 

were monitored for 30 days prior to and 90 days after 

biweekly injections of 500 mg recombinant bST. Results 

showed increases in milk production {16.2 vs 19.5 kg/d), 

3.5% FCM (16.3 vs 20.2 kg/d), milk fat(0.57 vs 0.72 kg/d), 

and milk protein (0.59 vs 0.75 kg/d) yields. However, 

percentages of milk fat (3.59 vs 3.72%) and milk protein 

(3.69 vs 3.85%) were not significantly changed, but there 

was a slight tendency for these components to be higher 

after administration of bST. These data show that bST 

increases milk yield in non-pregnant dairy cows during 

extended lactations. 

A second trial was performed to evaluate the response 

to bST in Holstein cows during advanced lactation fed low or 

high energy diets. Twenty-four lactating Holstein cows 
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averaging 21 kg/d of milk were assigned to one of three 

treatment groups in a randomized block design using 14 d 

pretreatment milk production as the blocking criterion. 

Groups were balanced for DIM which averaged 292 d. 

Treatments were: 1) CON, low energy diet (1.49 Mcal/kg DM) 

without bST injection; 2) LED, low energy diet, injected 

with 500 mg of bST every 14 d; and 3) HED, high energy diet 

(1.71 Mcal/kg DM), injected with bST as in treatment 2. 

Treatment was divided into two periods (1-49 and 50-98d) 

because two cows were dried off after half of the planned 

experimental period of 98 d. Results showed that bST 

significantly (P<0.05) increased milk, FCM, and fat and 

protein yields; and efficiencies (FCM/DMI) for both periods. 

Increases over controls were: milk yield, 24 and 29%; fat 

yield, 22 and 25%; protein yield 22 and 30%; FCM, 23 and 

26%; and FCM/DMI, 18 and 17%, for periods 1 and 2 

respectively. In the first period, milk yield of cows 

injected with bST, was higher (7%) for cows fed the low than 

the high energy diet. 

After 14 days of the final injection of bST in the 

second trial, all non-pregnant cows were administered the 

GnRH-prostaglandin-GnRH protocol to synchronize ovulation 

and were then inseminated without heat detection. Six cows 

from CON, six from LED, and five from HED treatments were 

synchronized and inseminated. For the respective 

treatments, 1, 2 and 3 cows were detected pregnant. This 
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amounted a pregnancy rate of 16.7% {1 pregnant cow from 6) 

for controls and 45.5% (5 pregnant cows from 11) for the bST 

treatments. 

INTRODUCTION 

It was discovered 50 years ago that bST is a powerful 

stimulator of milk production in lactating dairy cows, but 

this knowledge could not be adequately examined until the 

development of recombinant bST by genetic engineering 

techniques (Bauman, 1992). Dramatic increases in milk 

production (10-40%) of cows have been consistently reported 

from daily, biweekly or monthly injections of bST. 

Supplementation of bST not only causes increases of 

milk yield, but persistency of production also is improved. 

Thus, calving interval for optimal economic returns may be 

substantially increased when bST is used (Bauman, 1992). 

Extending the calving interval also improves conception 

rates (Trimberger, 1954), probably because of a better 

nutritional status at time of insemination. Galton et al. 

(1997) stated that short calving intervals have been a long

time recommendation for maximizing herd profitability with 

the greatest marginal profit realized in early lactation. 

However, in recent years, dairymen have justified longer 

calving intervals for high-producing cows and herds. Their 

findings concerning extended lactations may result in a 

higher percentage of cow's life as DIM, fewer days dry. 
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greater total milk yield per life time, lower culling rates, 

greater persistences of lactation and more profit. 

Maintenance of adequate feed and energy intakes in both 

dry and lactating cows is highly important for obtaining a 

desirable response from bST. Where cows are underfed or 

lose considerable body condition during bST treatment, or 

commence treatment in a very low body condition due to poor 

feeding and management, little response from bST might be 

expected. However, when nutrition and body condition of 

lactating and dry cows are adequate and closely monitored, 

good response from bST for up to four consecutive lactations 

has been observed with no indication of a so-called "burn 

out" due to the bST treatment (Huber et al., 1991). 

Hemken et al. (1991) found that dietary energy 

concentration x bST interactions were not significant for 

any response variable. Loxmore et al. (1990) evaluated 

effects of bST and nutrient density of the diet, and 

concluded that feeding increased energy and protein above 

NRC recommendations to high producing cows administrated bST 

did not significantly increase milk production. 

The objective of this experiment was to determine the 

magnitude of response to bST treatment of cows in advanced 

lactation and to determine whether energy concentration of 

the diet affected that response. 
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MATERIALS AND METHODS 

Seven lactating Holstein cows which were not pregnant 

because of reproductive problems, averaging 424 DIM (279-

560) and 16.2 kg/d of milk were monitored for 30 d prior 

(9/5 to 10/4/94) and 90 d during (10/5/94 to 1/4/95) 

biweekly injections of 500 mg of bST(Posilac, sterile 

sometribove zinc suspension; Monsanto Co., St Louis, MO). 

Cows were fed ad libitum the regular herd TMR twice daily, 

supplied free choice with fresh, clean water; and were 

housed with the non-experimental cows in dirt pens. They 

were milked twice daily at 0400 and 1600h and milk 

production was recorded daily. Individual milk samples were 

collected once monthly (once before and three times after 

initiation of bST injection) from two consecutive milkings 

and the daily composites were analyzed for fat, protein and 

see by infrared procedures at the Arizona DHIA laboratory in 

Phoenix, Az. (Foss 360, Foss Technology, Eden Prairie, MN). 

Analysis of Variance (ANOVA) by the CoStat statistical 

program determined significant differences between injection 

periods. 

In the second trial, twenty-four Holstein cows from 

the University of Arizona dairy herd averaging 292 DIM, 21 

kg/d milk, 700 kg BW, and 3.2 BCS were assigned to one of 

the three treatments in a randomized block design using milk 

production of a 14 d adaptation period as the blocking 

criterion. 
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Treatments were as follows: 

1) CON, low energy diet (1.49 Mcal/kg DM) without bST 

injection; 

2) LED; low energy diet, but injected with 500 mg bST/14 d; 

and 

3) HED; high energy diet (1.71 Mcal/kg DM), but injected 

with bST as in treatment 2. 

Diet ingredients and nutrient composition are in table 

3.1. The LED diet met minimal nutrient requirements (NRC, 

1989) of cows consuming about 23 kg/d DM and producing 22 

kg/d of milk (3.5% fat); and the HED diet, at similar intake 

and milk yield was calculated to furnish 16% more energy 

than required (NRC, 1989). The LED and HED diets contained 

48% and 36% alfalfa hay, 25% and 39.5% steam-flaked corn, 

and 4% and 10% whole cottonseed, respectively. Steam-

flaking of corn grain was accomplished by steaming the whole 

grain in a steam chamber for 40 to 50 minutes to increase 

moisture (16 to 20%) and then passing through large rollers 

to achieve a mean flake density of 412 g/1. 

Cows were housed in open dirt dry pens (10 x 38 m) 

equipped with shades and Calan gates (American Calan, inc., 

Northwood, NH) to electronically measure individual feed 

intakes. Water was offered free choice and diets were fed 

twice daily as a TMR, with amounts adjusted to approximately 

10% in excess of appetite. Cows were weighed at weekly 

intervals and body condition was scored according to the 
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method of Wildman et al (1982) during the 14-d adaptation 

and the 98-d experimental periods. 

Samples of TMR and refusals (orts) were collected 

weekly and composites for the entire experiment were 

analyzed for DM according to AOAC procedures (1990); for CP 

(N X 6.25) using the Kjeldahl digestion system (Tecator, 

Hoganas, Sweden) and the N autoanalyzer (Bran and Luebbe, 

Analyzing Technologies, Elmssford, NY) ; for ADF and NDF 

according to Robertson and Van Soest (1981); and starch by 

enzymatic hydrolysis using an autoanalyzer for starch and 

sugars (YSI 2700 Select, Yellow Springs Instrxxment Co. 

Yellow Spring, OH) according to Poore et al. (1991). 

Cows were milked twice daily at 0430 and 1630 h and 

milk yields were recorded daily. Individual milk samples 

were collected weekly from two consecutive milking (a.m. and 

p.m.) and composites were analyzed for fat, protein, 

lactose, SNF and SCC by infrared procedures at the Arizona 

DHIA laboratory in Phoenix, Az (Foss 360, Foss Technology, 

Eden Prairie, MN). 

Dry matter intake, feed efficiency (FCM/DMI); milk, 

3.5% FCM, fat and protein yields, as well as SNF, fat, 

protein and lactose percentages; SCC, BW, and BCS were 

adjusted for covariate effects using data from the 14-d 

pretreatment period and analyzed by the General Linear 

Models procedure (GLM) of SAS (1985) using the following 

statistical model: 
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= M + B. + S, + D, + SD + COV. + E.,„ 

where: Y^,^, = observation 

M = overall mean 

B. = blocking effect 

= bST effect 

= energy density effect 

= interaction between S, and 

COV, = covariate effect 

E,^^, = random residual error 

The 14-d pretreatment period was from March 20 to April 

2, 1995 and the 98-d treatment period was from April 3 to 

July 10, 1995 (2 wk after the final injection). 

Fourteen days after the final injection of bST in the 

second trial, all non-pregnant cows (seven CON, six LED, and 

five HED) were administrated the GnRH-prostaglandin-GnRH 

protocol to synchronize ovulation and were inseminated 

without heat detection. One cow from the CON treatment was 

slaughtered without knowing the result of the insemination 

because she was extremely lame . The first injection of 

GnRH (Cystorelin, a sterile solution of Gonadorelin 

Diacetate Tetrahydrate) was administrated to cows in July 

11, 1995 starting at 1800 h. Both ovaries of the cows were 

monitored by a linear ultrasound scanner equipped with a 5.0 

MHZ rectal transducer (Aloka 500, Corometrics Medical 
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systems Inc., CT.), and the number and size of the largest 

follicle or corpus luteum in each ovary was recorded 

immediately after the injection. Cows' ovaries were 

subsequently monitored on July 13 between 1800 and 2100 h, 

on July 16 between 600 and 900 h and on July 17 between 1800 

and 2100 h. During the fourth monitoring, cows were 

injected with prostaglandin (Lutalyse, a sterile solution of 

Dinoprost Tromethamine). On July 19, cow's ovaries were 

monitored at 600 h and a second injection of GnRH was 

administrated. On July 19 at midnight (about 18 hours after 

the second GnRH injection) all cows were inseminated. On 

August 16 at 1800 h, cows' ovaries were examined for 

pregnancy. 

RESULTS AMD DISCUSSION 

PRELIMENARy TRIAL 

Performance results in the preliminary trial are shown 

in table 3.3. Bovine somatotropin increased yield of milk 

20.4% (16.2 vs 19.5 kg/d), 3.5% FCM 23.9% (16.3 vs 20.2 

kg/d), milk fat yield 26.3% (0.57 vs 0.72 kg/d), and milk 

protein yield 27.1% (0.59 vs 0.75 kg/d). Percentages of fat 

(3.59 vs 3.72%) and protein (3.69 vs 3.85%) were not 

significantly changed, but there was a slight tendency for 

these components to be higher after administration of bST. 

Somatic cell count was not significantly different before 
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and after initiation of bST injections. These data suggest 

that bST injection increases performance of non-pregnant 

cows during extended lactations. 

SECOND TRIAL 

Production. 

Results shown in tables 3.4 and 3.5 clearly demonstrate 

that administration of bST caused substantial increase in 

milk yield and 3.5% FCM in both periods. However, the 

effect of energy density in the diet (LED vs HED) on milk 

yield was significant only for the first period in bST 

treated cows with the LED treatment higher than HED. The 

data suggests that the energy density of the LED diet was 

sufficient for cows in this study. Similar results were 

reported by Lonnore et al (1990) who concluded that feeding 

energy and protein above NRC recommendations to bST-treated 

cows did not significantly increase milk production. 

Compared to controls milk yield was increased 24.4% 

(19.7 vs 24.5 kg/d) in period 1 and 28.6% (19.6 vs 25.2 

kg/d) in period 2 in cows fed the LED diets and treated with 

bST. The large effect of bST on milk production in the 

second period showed that response to bST is highly 

persistent. Administration of bST increased 3.5% FCM 23.2% 

(20.3 vs 25.0 kg/d) and 25.9% ( 19.7 vs 24.8 kg/d) 

respectively in periods 1 and 2, in cows fed LED diet when 

compared with controls. Increases in milk production and 
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FCM have been observed in response of bST administration in 

most of the trials performed around the world (Bauman et 

al.,1985; Eppard et al., 1987; McBride et al,, 1990; Dahl et 

al., 1991; Sullivan et al., 1992), but few studies have 

demonstrated such large response in very late lactation. 

Although milk composition was not significantly 

influenced by bST or energy density of the diet, fat and 

protein yields were significantly increased by bST 

supplementation because of the higher milk yields, but 

energy density in the diet had no effect on component 

yields. Increases in yields of fat in 21.9% and protein of 

21.7% in period 1 and of fat and protein, respectively of 

24.6% and 30.3% for period 2, demonstrated a large response 

to bST during advanced lactation. 

Milk composition. 

Composition of milk (SNF, fat, protein and lactose 

content) was not altered by either bST or energy density of 

the diet. These findings agree with most of the results of 

previous studies (Peel and Bauman, 1987; McGuffey et al., 

1990). In a few trials there have been observed minor 

changes, primarily in fat content of milk during the first 

weeks of bST supplementation, when cows were adjusting their 

feed intake and metabolism to the increased milk production 

(Baiaman, 1992) . 
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Feed Intake. 

Intake of DM was not affected by either bST 

supplementation or energy density in the diet. These results 

were not expected because increased milk production is 

usually supported by additional feed intake if body 

condition does not change. The amount of DMI was not 

affected, but there was a great selectivity of cows for 

roughage when fed the HED diet. This was related to the 

high density of nutrients in orts of cows on the HED 

treatment (overall, cows refused about 6.5% of the feed 

which was offered). Hartnell et al. 1991 reported increased 

DMI when bST was administrated to lactating cows because 

more nutrients were required for the increased synthesis of 

milk and milk components. Initially, body stores of 

protein, FA's and glycogen may provide additional nutrients 

for milk synthesis, but needed nutrients for prolonged 

increases in milk yields are derived from increased feed 

intake (Peel and Bauman, 1987; McBride et al., 1988; Bauman, 

1991; Dahl et al., 1991). 

Productive efficiency. 

It is common that productive efficiency (milk per unit 

of feed) be improved with bST treatment, or with most 

technology or management practices which increases milk 

production, because the proportion of feed nutrients used 

for maintenance is reduced (Bauman, 1987). In the present 
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Study, bST significantly improved gross feed efficiency 

(FCM/DMI) in both periods (18.2% and 17.4% over controls, 

respectively for period 1 and 2). The improved productive 

efficiency from bST treatment is consistent with earlier 

studies (Chalupa and Galligan, 1989; Hartnell et al., 1991). 

Energy density of the diet did not influence feed 

conversion to milk (FCM/DMI) in either periods 1 or 2. 

Body weight emd condition chzmges. 

Bovine ST did not affect BW or BCS changes in either 

period. Higher niamerically positive changes in both BW and 

BCS were observed in cows injected with bST fed HED compared 

to cows fed the LED. Changes in BW and BCS are difficult to 

interpret in bST trials because they depend of a number of 

factors, with energy balance being the most important. 

Health. 

Somatic cell counts were not affected by either bST 

injection or energy density in the diet. However, SCC tended 

to be higher in the first period when cows were injected 

with bST and fed the low energy diet. 

Reproduction response. 

Results on conception rates after the implementation of 

GnRH-prostaglandin-GnRH protocol showed one from 6 cow 

(16.3%) pregnant on the CON treatment, two from 6 (33.3)% on 
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the LED treatment, and three from 5 (60%) on the HED 

treatment. These data suggest an interaction between bST 

and energy density in the diet. However, the sample size 

was too small to validate such information. More studies 

are needed on reproductive responses to bST and energy 

density of the diet in cows during advanced lactation. 

CONCLUSIONS 

Administration of bST was efficacious in enhancing FCM, 

milk, fat and protein yields of cows during very advanced 

lactations, particularly when fed diets low in energy 

density which met NRC requirements. Numerically higher 

increases on BW and BCS changes in cows on treatment of the 

high energy group injected with bST over those in low energy 

groups and the high density of nutrients in orts, may 

explain the fate of the extra energy offered to HED cows. 

No effect of either bST injection or energy density of 

the diet on composition of milk was observed. Intake of DM 

was not affected by either bST injection or by energy 

density in the diet, while efficiency of conversion of feed 

to milk was improved by bST but not by energy density. 



Table 3.1 Ingredient and nutrient composition of the diet. 
(Exp. 1, trial 2) 

DIET (BALANCED) 

Items led" HED 

Ingredients, % of DM 

Alfalfa hay 48.0 36.0 

Steam-flaked corn 25.0 39.5 

Soybean meal 9.0 8.5 

Whole cottonseed 4.0 10.0 

Cottonseed Hulls 11.0 3.0 

Mineral and vitamin pre-mix 3.0 3.0 

Nutrients 

CP,% 17.0 17.1 

NE., Mcal/kg DM 1.49 1.71 

Fat,% 3.64 4.96 

NDF,% 35.3 27.0 

ADF,% 25.9 18.8 

LED=1o w  energy density diet 

HED=high energy density diet 
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Tsible 3.2 Analyses of nutrient composition of the diets 
and orts. (Exp. 1, trial 2) 

DIET ORT 

Nutrients, % of DM LED HED LED HED 

CP 17.0 17.1 16.2 19.4 

STARCH 23.7 34.3 27.2 41.2 

ADF 25.3 19.0 26.0 13.2 

NDF 34.5 27.6 34.4 19.8 

ASH 7.9 7.4 8.0 6.9 

Analyzed in the Animal Sciences Laboratory at the 
University of Arizona. 



Table 3.3 Effect of bST on milk yield and composition of Holstein cows in 
extended lactations. (Exp. 1, trial 1) 

bST* Milk yield FCM FAT Protein SCC 

trt kg/d kg/d % kg/d % kg/d #xlO^/inl 

Before 16 .2 16 .3 3. ,59 0, ,57 3. ,69 0. ,59 113 

After 19 .5 20 .2 3, ,72 0, ,72 3. , 85 0, ,75 161 

P< 0. 07 0. 01 0, .59 0, .01 0, .38 0, .01 0.33 

* cows in bST-treatment were their own control. Anova was calculated with the data recorded before 

and after initiation of bST administration. 



Tad>le 3.4 Effect of bST and energy density of the diet on performance of Holstein 
cows in advanced lactation. (Exp. 1, trial 2) (period 1:1-49 days of treatment). 

TREATMENT P< 

Parameter HED LED CON SEM S D 

Milk yield, kg/d 22.8 24 . 5 19.7 0.57 0.01 0.05 

3.5% FCM, kg/d 23.2 25.0 20.3 0.80 0.01 0.12 

DMI, kg/d 23.1 24 . 3 22.7 0.77 0.18 0.31 

Effic., FCM/DMI 0.99 1.04 0.88 0.04 0.03 0.51 

BW Change, kg/d 0.17 0.08 0.05 0.06 0.70 0.61 

BCS Change 0.05 0.01 0.09 0.03 0.24 0.92 

S:bST effect 

D:energy density diet 

HED:bST+high energy density diet 

LED:bST+low energy density diet 

CON:no bST and low energy density diet 



Table 3.5 Effect of bST and energy density of the diet on milk composition and 
component yields of Holstein cows in advanced lactation. (Exp. 1, trial 2) 
(period 1:1-49 days in treatment). 

TREATMENT P< 

Parameter HED LED CON SEM D 

SNF, % 9.12 9. 05 8. 97 
o
 

o
 0. 64 0.62 

Fat, % 3.62 3.72 3.55 0.09 0.25 0.45 

Fat yield, kg/d 0.82 0.89 0.73 0.04 0.01 0.22 

Protein,% 3.54 3.49 3.48 0.05 0.86 0. 48 

Protein yield, kg/d 0.80 0.84 0.69 0.02 0.01 0.24 

see,#xl03/ml 162 330 230 63.8 0.29 0. 08 

Lactose,% 5.02 4.96 4 .82 0. 08 0.19 0.60 

S:bST effect 

D:energy density diet 

HED:bST+high energy density diet 

IjED;bST+low energy density diet 

CON;no bST and low energy density diet 



T£d>le 3.6 Effect of bST and energy density of the diet on performance of Holstein 
cows in advanced lactation. (Exp. 1, trial 2) (period 2:50-98 days in treatment) 

TREATMENT P< 

Parameter HED LED CON SEM D 

Milk yield, kg/d 23.1 25.2 19.6 0.94 0.01 0.15 

3.5% FCM, kg/d 22.3 24.8 19.7 1 . 19 0.01 0.17 

DMI, kg/d 20.7 23.2 20. 9 1 .23 0.24 0.20 

Efficiency, FCM/DMI 1.06 1.08 0.92 0 .05 0.05 0.83 

BW Change, kg/d 0.54 0.51 0.56 0.08 0.90 0.98 

BCS Change 0.10 -0.02 0.03 0.04 0.13 0.54 

S:bST effect 

D:energy density diet 

HED:bST+high energy density diet 

LED:bST+low energy density diet 

CON:no bST and low energy density diet 



Table 3.7 Effect of bST and energy density of the diet on milk composition and 
component yields of Holstein cows in advanced lactation. (Exp. 1, trial 2) 
(period 2:50-89 days in treatment). 

TREATMENT P< 

Parameter HED LED CON SEM D 

SNF, % 8.93 9.07 8.89 0. 09 0.20 0.33 

Fat,% 3.28 3.49 3.43 0.11 0.73 0.22 

Fat yield, kg/d 0.76 0.86 0.69 0.05 0.04 0.18 

Protein,% 3.39 3.47 3.34 0.05 0,11 0.27 

Protein yield, kg/d 0.79 0.86 0.66 0.03 0.01 0.15 

see,#xlO^/ml 332 275 248 45.5 0. 69 0.41 

Lactose,% 4.92 4.90 4 .83 0. 07 0.50 0.89 

S:bST effect 

D:energy density diet 

HED:bST+high energy density diet 

LED:bST+low energy density diet 

CON:no bST and low energy density diet 
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CHAPTER 4 

RESPONSE TO BST OF HOLSTEIN COffS IN DIFFERENT STAGES OF THE 

LACTATION MANEGED SIMILAR TO THEIR HERDMATES 

SUMMARY 

Seventy-six lactating Holstein cows were assigned 

between August 2, 1995 and March 3, 1996 to three trials 

according with their stage of lactation. Six intervals of 

DIM were considered; there were very early (25-56 d), early 

(67-115 d), mid (160-185 d), late (218-263 d) , advanced 

(300-359 d), and extended (376-502 d). In each trial, 

treated cows were injected with a prolonged-released dose of 

500 mg of bST every 14 d for 4 injections. Significant 

responses to bST in milk yield was observed in early, mid, 

late, advanced and extended lactation. In very early 

lactation, effect of bST on milk yield was not significant, 

but a slight tendency to be higher than controls was 

observed. In general, milk composition as well as somatic 

cell counts, body weights, and body condition scores were 

not affected by bST treatment at any stage of lactation. 

Protein yield was increased by bST in mid, late and extended 

lactation cows, while fat yield was only increased by bST in 

extended lactation. 
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INTRODUCTION 

Somatotropin treatment of lactating animals results in 

greater production of milk and milk components (Peel and 

Bauman, 1987). Yields of milk lactose, protein and fat are 

increased with bST treatment, while percentages of these 

components generally are not altered (Bauman and 

McCutcheon, 1985) . When bST treated cows are in negative 

nitrogen balance, milk protein percentages decline slightly. 

However, when treated cows are in negative energy balance, 

percentages of milk fat increase (Peel et al., 1981 and 

1983) . 

Baldwin, et al. (1987) stated that exogenous 

administration of bST can enhance milk yield in dairy cows 

between 15 to 40%. However, Bauman et al. (1992) noted that 

the magnitude of milk response to bST is influenced by 

internal and external factors, such as quality of 

management, stage of lactation, ambient temperature and 

humidity, production level and genetic potential of cows. 

When bST is administrated in early lactation during the 

interval between calving and peak milk production, response 

is minimal (Bines and Hart, 1982; Richard et al.,1985; 

Bauman, 19987) . Several studies have shown that milk yield 

increased some during early lactation, but the magnitude of 

increase was much lower than if administrated after peak 

lactation. Possible reasons for this lack of response is 
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that cows are often in negative energy balance for several 

weeks after calving; also, there is a tendency for the 

increase in IGF-1 resulting from bST treatment to be higher 

for cows in mid and late than in early lactation. Richard 

et al. (1985) showed that when Holstein cows were started on 

bST treatment during early lactation (before wk 5) , milk 

yield response was inferior to cows started at 60 d, 

probably because of higher endogenous growth hormone 

circulating and also the negative energy balance, which may 

cause a shortage of lactose precursors in early lactation. 

In conclusion, most researchers consider that bST is an 

invaluable management tool that can improve the efficiency 

of milk production and economic returns from dairy farming 

by partitioning nutrients to the mammary gland for milk 

synthesis (Peel and Bauman, 1987; Chilliard, 1988; Bauman, 

1992), but effects of bST treatment during extended 

lactations or responses at varying stages of lactation have 

not been thoroughly investigated. The objective of this 

experiment is to determine response to bST treatment at six 

stages of lactation. 

MATERIALS AND METHODS 

Seventy-six lactating Holstein cows were assigned to 

three trials according with their stage of lactation. Six 

intervals of DIM were considered: very early (25-56 d), 
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early (67-115 d) , mid (160-185 d), late (218-263 d), 

advanced (300-359 d), and extended (376-502 d) lactation. 

Trial # 1 

Twenty-four Holstein cows were assigned to one of three 

groups (eight per group) based on their DIM. Cows in each 

group were their own controls and were independent of each 

other. All cows in each group had a 28-day pretreatment 

period and a 56-day treatment period, at the beginning of 

treatment, all cows were injected with 500 mg of recombinant 

bST (Posilac , sterile sometribove zinc suspension; Monsanto 

Co., St. Louis, Mo) and 3 subsequent injections of bST were 

administrated every 14 d. 

Cows were housed in open-dirt drylot pens equipped with 

shades with their herdmates during the pretreatment and 

treatment periods. Water was offered free choice and the 

diet was fed twice-daily as a TMR. Cows were weighed and 

body condition scored on a scale of 1 to 5 (Wildman et al., 

1982) at the beginning and at the end of the experimental 

period. 

Cows were milked twice daily at 0430 and 1630 h and 

daily milk yields were recorded . Milk samples were 

collected from individual cows once before initiation of bST 

injection and twice during treatment from two consecutive 

milkings (a.m and p.m.). Daily composites were analyzed for 

fat, protein and SCC by infrared procedures at the Arizona 
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DHIA laboratory in Phoenix, az. (Foss 360, Foss Technology, 

Eden Prairie. MN). 

Milk production data from the pretreatment period for 

each cow in each group were used to calculate by a 

regression equation (Y= a + bX) , estimated milk production 

for the 56-day period as if these treated cows had not been 

treated with bST. The estimated mean for milk production 

and fat and protein percentages were used to calculate fat 

and protein yields. 

Estimated yields of milk, fat and protein, as well as 

fat and protein percentages and SCC from the pretreatment 

period were used for control values to compare with 

treatment data. Also, all variables were adjusted for 

covariate effects using the data from the 28-d pretreatment 

period and data analyzed by the General Linear Model 

procedure (GLM) of SAS (1985) using the following 

statistical model: 

y = M + + GOV, + E^. 

where: Y., = observation 

M = overall mean 

S. = bST effect 

GOV, = covariate effect 

E,, = random residual error 
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Pretreatment collection data was from 2 to 29, August, 

1995 (28-d period) and treatment was from 30, August to 24, 

October, 1995 (56-d period). 

Group #1. This group consisted of eight lactating 

Holstein cows in late lactation (218 to 263 DIM), 

averaging 238 DIM, 25.9 kg/d milk, a BCS of 3.09 and 

778.8 kg BW. 

Group #2. This group consisted of eight lactating 

Holstein cows in advanced lactation {300-359 DIM), 

averaging 322 DIM, 20.7 kg/d milk, a BCS of 3.41, 

and 775.4 kg BW. 

Group #3. This group consisted of eight lactating 

Holstein cows in extended lactation (376-502 DIM), 

averaging 413 DIM, 22.0 kg/d milk, a BCS of 3.53, 

and 77 5 kg BW. 

Trial # 2 

Thirty-two lactating Holstein cows averaging 62 DIM 

(25-115), 28.5 kg/d milk, a BCS of 2.87, and 648.2 kg BW 

were assigned to one of the four treatments in a completely 

randomized design with a 2 x 2 factorial arrangement of 

treatments. Factors were: 1) stage of lactation (very 

early, 25-56 DIM vs early, 67-115 DIM); and 2) with or 
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without bST administration. Cows were fed a regular herd 

ration for the 14 d of pretreatment and 56-d of treatment. 

The trial was initiated in October 16, 1995 and completed 

January 18, 1996. Cows started on treatment when they 

reached the DIM required for the given stage of lactation. 

Treatments were: 1) VE, very early lactation without bST; 2) 

VEB, very early lactation with bST; 3) E, early lactation 

without bST; and 4) EB, early lactation with bST. 

Cows were housed in open-dirt drylot pens equipped with 

shades with their herdmates during the pretreatment and 

treatment periods. Water was offered at free choice and the 

diet was fed twice daily as a TMR. Cows were weighed and 

body condition scored on a scale of 1 to 5 (Wildman et al., 

1982) at the beginning and at the end of treatment. Cows 

receiving treatments 3 and 4 were injected with 500 mg of 
e 

recombinant bST (Posilac , sterile sometribove zinc 

suspension; Monsanto, Co., St. Louis, Mo) every 14 d (4 

injections). 

Cows were milked twice daily at 0430 and 1700 h and 

daily milk yields were recorded. Milk samples were 

collected from individual cows once before initiation of bST 

injection and twice during the treatment period from two 

consecutive milkings (a.m and p.m.) and daily composites 

were analyzed for fat, protein and SCC by infrared 

procedures at the Arizona DHIA laboratory in Phoenix, Az. 

(Foss 360, Foss Technology, Eden Prairie. MN). 
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all variables were adjusted for covariate effects using 

the data from the 14-d pretreatment period and analyzed by 

the General Linear Model procedure (GLM) of the SAS (1985) 

using the following statistical model: 

= M + S + L + SL + COV + E , 
131c I : 11 IC IJiC 

where: Y = observation 

M = overall mean 

S. = bST effect 

L, = stage of lactation effect 

SL,, = interaction between and L. 

COV = covariate effect 
< 

E,,^ = random residual error 

Trial # 3 

A completely randomizing block design was used to 

assign 20 lactating Holstein cows averaging 171 DIM (160-

185), 29.9 kg/d milk, a BCS of 2.88, and 676 kg BW, to one 

of the two treatment groups using milk production of the 

adaptation period as the blocking criterion. Treatments 

were balanced for DIM and were as follows: 1) CON, mid 

lactation cows without bST injection; and 2) BST, mid 

lactation cows with bST injection. Cows were fed the 

regular herd ration for the 19 d of pretreatment and 56 d of 

treatment. The trial was initiated on December 20, 1995 and 

completed on March 18, 1996. 



Cows were housed in open-dirt, drylot pens equipped 

with shades with their herdmates during pretreatment and 

treatment. Fresh water was offered free choice and the diet 

was fed twice daily as a TMR. Cows were weighed and body 

condition scored on a scale of 1 to 5 (Wildman et al., 1982) 

at the beginning and at the end of the experimental period. 

Treated cows were injected with 500 mg of recombinant bST 

(Posilac , sterile sometribove zinc suspension; Monsanto 

Co., St. Louis, Mo) every 14 d (4 injections). 

Cows were milked twice daily at 0430 and 1700 h and 

daily milk yields were recorded . Milk samples were 

collected from individual cows once before initiation of bST 

injection and twice during the treatment period from two 

consecutive milkings (a.m and p.m.) and daily composites 

were analyzed for fat, protein and SCC by infrared 

procedures at the Arizona DHIA laboratory in Phoenix, Az. 

(Foss 360, Foss Technology, Eden Prairie. MN). 

all variables were adjusted for covariate effects using 

the data from the 19-d pretreatment period and analyzed by 

the General Linear Model procedure (GLM) of SAS (1985) using 

the following statistical model: 

Y , = M  +  B  +  S  +  C O V  +  E  

where: Y..^ = observation 

M = overall mean 

B, = blocking effect 
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S, = bST effect 

COV^ = covariate effect 

= random residual error 

RESULTS AND DISCUSSION 

Trial # 1 

Performance results are shown in tables 4.1, 4.2, and 

4.3. Injection of bST significantly (P<0.05) increased milk 

yield 9.4% {25.6 vs 28.0 kg/d), 6.0% (19.9 vs 21.1 kg/d), 

and 16% (21.2 vs 24.5 kg/d) respectively for late, advanced 

and extended lactation cows. However, milk composition, BW, 

BCS and SCC were not affected by bST treatment at any of the 

stages of lactation; neither were fat or protein yields 

affected in late or advanced lactation cows; However, in 

extended lactation cows, fat and protein yields were higher 

when bST was administrated. Effect of bST in late lactation 

cows agree with our previous reports, but few data are 

available on the effect of bST in advanced or extended 

lactations. 

Trial # 2 

Performance results are shown in table 4.4. Injection 

of bST tended to increase (P<0.09) milk yield (34.8 vs 36.4 

kg/d). The effect was primarily because of changes in early 

lactating cows (34.4 vs 32.1 kg/d) rather those during very 
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early lactation (38.4 vs 37.4). Neither stage of lactation 

nor bST affected milk composition nor other measured 

variables in the experiment. These results agree with most 

other trials performed during early lactation (Bauman, 1992; 

Lormore et al,, 1990) 

Trial # 3 

Performance results are shown in table 4.5. Injection 

of bST significantly (P<0.01) increased milk yield (28.2 vs 

31.2 kg/d) and protein yield (0.91 vs 1.06 kg/d) in mid-

lactation cows. Milk composition, BW, ECS changes and SCC 

were not affected by bST treatment. Again, these results 

agree with previous trials (McGuffey et al., 1991;Phipps et 

al., 1997) 

CONCLUSIONS 

Administration of bST significantly increased milk 

yield in Holstein cows in mid, late, advanced and extended 

lactations. In early lactation there was a tendency for 

bST-treated cows to be higher but not in very early 

lactation. Stage of lactation had a significant effect on 

overall milk yield when cows in very early and early 

lactation were compared, with higher yields for very early 

lactation cows. 

In general, milk composition was not affected by bST 

administration or stage of lactation. Injection of bST 
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significantly increased protein yield in mid, late and 

extended lactation while fat yield was increased by bST only 

in extended lactation. Body weight, BCS and SCC were not 

affected by bST treatment. 
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Table 4.1 Effect of bST on performance of Hoi stein cows in 
I 

late lactation . (Exp. 2,trial 1) 

TREATMENT 

Parameter CON' bST' SEM P< 

Milk yield, kg/d 25. 6 28.0 0. 68 0.03 

Fat, % 3.43 3.51 0.12 0. 63 

Fat yield, kg/d 0.91 0.99 0.04 0.19 

Protein,% 3.14 3.22 0.05 0.24 

Protein yield kg/d 0.82 0.91 0.03 0.07 

BW, kg 779 772 18.8 0.82 

ECS, 1-5 3.09 3.06 0.05 0. 69 

SEE, #xl0Vml 123 79 31.1 0.34 

218 to 263 DIM 
estimated by a linear regression technique (SAS) using 

the 28 d pretreatment data to extrapolate for the 56 d 
treatment period. 

actual means for the 56 d treatment period. 
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Table 4.2 Effect of bST on performance of Holstein cows in 
I 

advanced lactation. (Exp. 2,trial 1) 

TREATMENT 

Parameter CON' bST"' SEM P< 

Milk yield, kg/d 19.9 21.1 0.33 0.02 

Fat, % 3.42 3.42 0.10 0.99 

Fat yield, kg/d 0. 69 0.73 0.03 0.32 

Protein,% 3.35 3.32 0.08 0 .84 

Protein yield kg/d 0. 67 0.70 0.02 0.19 

BW, kg 775 769 28.2 0.89 

ECS, 1-5 3.41 3.38 0. 17 0.90 

SEE, #xl0Vml 179 167 66.8 0.91 

300 to 359 DIM 

estimated by a linear regression technique (SAS) using 
the 28 d pretreatment data to extrapolate for the 56 d 
treatment period. 
actual means for the 56 d treatment period. 
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Table 4.3 Effect of bST on performance of Holstein cows in 
I 

extended lactation. (Exp. 2,trial 1) 

TREATMENT 

Parameter CON* bST"' SEM P< 

Milk yield, kg/d 21.2 24.5 0.64 0.01 

Fat, % 3.60 3.68 0.12 0. 65 

Fat yield, kg/d 0.77 0.91 0.04 0.04 

Protein,% 3.54 3.46 0.08 0. 52 

Protein yield kg/d 0.75 0.85 0.03 0.03 

BW, kg 755 748 17.7 0.79 

BCS, 1-5 3.53 3.41 0.16 0. 60 

see, #xloVml 92 120 30.8 0. 55 

376 to 502 DIM. 

estimated by a linear regression technique (SAS) using 
the 28 d pretreatment data to extrapolate for the 56 d 
treatment period. 
actual means for the 56 d treatment period. 



TsJsle 4.4 Effect of bST on performance of Holstein cows in very early and early 
lactation. (Exp. 2,trial 2) 

TREATMENT^ Effect2(P<) 

Parameter VE VEB E EB SEM bST STG bSTxSTG^ 

Milk yield, kg/d 37.4 38.4 32.1 34 . 4 0. 94 0. 09 0. 01 NS 

Fat, % 3.88 3.95 4.08 3.82 0.16 0. 55 0. 84 NS 

Fat, kg/d 1.37 1.47 1.39 1.38 0.09 0. 60 0. 75 NS 

Protein,% 3.15 3.38 3.05 3.01 0.23 0. 69 0. 37 NS 

Protein, kg/d 1.10 1.29 1.00 1.11 0.12 0. 22 0. 23 NS 

BW Change, kg/d 0.18 0.20 0.12 0.10 0.08 0. 98 0. 60 NS 

BCS Change -0.03 -0.03 -0.03 -0.09 0. 02 0. 52 0. 52 NS 

see, 1x10^ cells/ml 183 144 72 119 40.2 0. 93 0. 12 NS 

^ TRT:VE=very early lactation without bST(25-56 DIM); VEB=very early lactation with bST; E=early 

lactation without bST (67-115 DIM); EB=early lactation with bST. 

^ bST=somatotropin effect; STG=stage of lactation effect; bSTxSTG, interaction 

between bST and STG. 

^ NS=non-signifleant (P>0.10) 
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Table 4.5 Effect: of bST on performance of Holstein cows in 
mid lactatiion. (Exp. 2,trial 3) 

TREATMENT' 

Parameter CON bST SEM P< 

Milk yield, kg/d 28.2 31.2 0.55 0. 01 

Fat, % 4 .15 4.06 0.16 0. 68 

Fat yield, kg/d 1.18 1.26 0.06 0. 32 

Protein,% 3.24 3.39 0.08 0. 15 

Protein yield kg/d 0. 91 1.06 0.03 0. 01 

BW Change, kg/d 0. 61 0. 64 0.11 0. 91 

BCS Change 0.015 0.025 0. 04 0. 51 

see, #xloVml 140 113 34 .2 0. 57 

160-185 DIM. 

control cows (CON) 
cows (bST) received 

did not receive bST 
500 mg bST/14 d for 

and bST treated 
4 injections. 
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CHAPTER 5 

EFFECT OF BST AND EVAPORATIVE COOLING ON LACTATION 

PERFORMANCE OF COWS DURING SUMMER HEAT STRESS 

SUMMARY 

A 14-d adaptation period was followed by 70 d of 

treatment. Thirty-two Holstein cows averaging 195 DIM were 

assigned to four treatments in a completely randomized block 

design with a 2 x 2 factorial arrangement of treatments. 

Factors were: normal shade (SH) or shade plus the korral 
8 

kool system (KK) , and with or without bST administration. 

Cows receiving bST were injected with 500 mg bST every 14 d 

after the covariate period. All cows were fed with the same 

TMR twice daily at 10% in excess of the intake, and water 

was offered free choice. There were no interactions between 

bST and cooling system for any of the variables measured. 

Milk yield was increased by bST (P<0.01) and tended to be 

higher for cooled cows (P<0.07). Fat percentages and yields 

of fat, protein and 3.5% FCM, as well as efficiency of 

conversion of DM to milk, all were increased by bST; while 

evaporative cooling decreased SNF and milk protein 

percentages, rectal temperatures and respiration rates. 

Intake of DM, body condition score and BW were not 

affected by bST, but BW was increased by evaporative 

cooling. Also, bST caused higher NEFA concentration in 
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blood seriam, suggesting that at least a part of the 

increased milk production from bST was at expense of fat 

mobilization. 

INTRODUCTION 

Important meteorological factors affecting milk yield 

are temperature, humidity, wind, radiation, and photoperiod. 

Ambient temperature and humidity are combined to derive a 

temperature-hiimidity index (THI) . When THI exceeds 72, high 

producing cows start to be stressed, while severe stress 

occurs when THI reaches 89 to 98. Huber et al., 1994 stated 

that cows which are heat stressed for extended periods( at 

THI above 80) decrease 25 to 35% in milk production if they 

are not cooled to reduce thermal discomfort, which manifests 

itself primarily by a decrease in feed intake. Heat stress 

results when dairy cows are exposed to hot or hot and humid 

environmental conditions. Maintenance costs increase, and 

DMI and milk yield decrease. The high yielding cow has 

greater metabolic activity and produces more body heat than 

low yielders; thus, a greater milk yield may increase heat 

stress if the cause of that stress is not mitigated (West, 

1994) . Severe heat stress of lactating cows results in 

dramatic reductions in roughage intake and rumination. Such 

decreases in roughage intake contribute to lower VFA 

production and may contribute to an alteration in the ratio 

of acetate/propionate (Collier et al., 1982). Chen et al. 
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(1993) found that evaporatively cooled cows had lower rectal 

temperatures and respiration rates than those not cooled. 

Also, the higher intake of DM for cooled cows was associated 

with higher milk production (2.5 kg/d of increase), compared 

with those receiving only shade. 

Prolonged high environmental temperatures have been 

related to poor reproductive performance in females, as it 

alters the length of estrous cycles, shortens the estrus 

behavior period, diminishes the intensity of estrous and 

inhibit implantation. High and prolonged heat stress causes 

anestrous and reduces conception rates (Bond and McDowell, 

1972). A decline in female conception has been associated 

with increased rectal and uterine temperatures (Gwazdauskas 

et al., 1973). Under normal environmental conditions, 

rectal temperatures range between 38.4 and 39.1C and 

respiration rates under 50 breaths per minute; while in hot 

environments, they may be increased to over 40' C and above 

of 90 breaths per minute, respectively (Gwazdauskas, 1984). 

Survival and productivity of dairy animals can be 

directly or indirectly influenced by modification in the 

environment. Degree of environmental impact is modified by 

stage of life cycle and adaptation of given breeds and 

species. However, extensive crossbreeding studies have 

shown little if any heterosis for heat tolerance and milk 

production in dairy cattle (Branton et al., 1974). Several 

studies conclude that the primary reasons for some breeds to 
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have greater heat tolerance than others is lowered metabolic 

heat production and decreased milk yield. Hodgson, 1973 

concluded that lactating daily cows are particularly 

sensitive to adverse thermal stress because of their 

specialized productive function and high efficiency of feed 

utilization. The higher basal metabolic rates related to 

their capacity to efficiently produce large amounts of milk 

induces the increased rectal temperatures and respiration 

rates when cows are exposed to high environmental 

temperatures (Ingraham, 1974). These metabolic adjustments 

are a defense mechanism to dissipate body heat. Decreased 

feed intake also is a major cause of reduced milk production 

in heat stress and some times results in changes in milk 

composition. 

Environmental modifications to alleviate heat stress in 

dairy cattle are the following: spray and fans as reported 

by Strickland et al. (1989) and evaporative cooling or the 
S 

Korral kool system {Ryan et al.,1992). A study by 

Armstrong et al. (1985) found that cows which were cooled in 

9 

the Korral kool system had higher milk production (2.8 

kg/d) than controls (uncooled cows). In another study, 

Armstrong et al. (1988) compared Korral kool with spray and 

fans (both under shade) and found that the former system 

increased milk production in 2.3 kg/d more than spray and 

fans. However, a later study (Armstrong et al., 1993) 

showed that cows cooled with spray and fans had higher milk 
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yields (37.6 kg/d) than those cooled with Korral kool (36.2 

kg/d). 

Administration of bST does not change maintenance 

requirements or partial efficiencies of milk yields. Thus, 

the greater heat stress reported in some studies where bST 

was used probably was because of increased metabolic 

activity and heat production associated with higher milk 

yield. Cows administered with bST are just as subject to 

heat stress as other high yielding cows if sufficient 

metabolic heat is not dissipated. However, some studies 

suggest that bST promotes greater heat dissipation (West, 

1994). Management to minimize effects of heat stress and 

strategies that maintain sufficient DMI are necessary to 

sustain the increased milk yields offered by bST technology 

(West, 1994) . 

Sullivan et al. (1992) reported that cows treated with 

bST exhibited slightly higher rectal temperatures during the 

hot summer months, but no difference in response to bST was 

noted during periods of moderate versus high ambient 

temperatures. The objective of this experiment was to 

determine response of lactating cows in late lactation to 

bST when provided only shade or shade plus evaporative 

cooling under the hot summer conditions in Southern Arizona. 
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MATERIALS AND METHODS 

Thirty-two lactating Holstein cows averaging 195 DIM, 

33.6 kg/d milk, BCS of 3.2 and 678 kg BW were assigned to 

one of the four treatments in a completely randomized block 

design with 2x2 factorial arrangement of treatments. 

Factors were: no3nnal shade (SH) , evaporative cooling plus 

shade (Korral kool system) (KK) , and injection or non-

injection of bST every 14 d. Cows were fed the regular herd 

ration during a 14-d pretreatment period and were assigned 

to the four treatments on the basis of pretreatment milk 

yield. Treatments were balanced for DIM. Pretreatment data 

were used for cova-riate adjustment in the statistical 

analysis. 

Treatment was for 70 days from June 1 to August 9> 1996 

at the University of Arizona Dairy Research Center in 

Tucson, Az. Treatments were: 1) SH, shade without bST 

injection; 2) SH+bST, shade plus bST injection; 3) KK, 
O 

shade plus evaporative cooling (Korral kool system) without 

bST injection; and 4) KK+bST, shade plus evaporative cooling 

plus bST injection. Diet ingredients are listed in Table 

5.1. Based on NRC (1989), the diet (DM) contained 1.72 Meal 

of NE;./kg, and was analyzed at 16.6% CP and 25.9% NDF (table 

5.2). The diet consisted 45% chopped Alfalfa, 41.2% steam-

flaked sorghum grain, 10% whole cottonseed (WCS), 3% 

mineral-vitamin mix, and 0.8 prilled fatty acids (energy 

booster) . Steam-flaking of sorghum grain was accomplished 
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by steaming the whole grain in a steam chamber for about 40 

minutes to increase moisture to 16-20% and then passing 

through large rollers to achieve a flake density of 360 g/1. 

Cows were housed in open, dirt pens (10 x 38 m) 

equipped with shades and Calan gates (American Calan, Inc., 

Northwood, NH). Feed was offered at 10% in excees of intake 

and individual feed intakes were recorded daily. The diet 

was fed twice daily as TMR. Cows were weighed and body 

condition scored weekly (Wildman et al., 1982). Ambient 

temperatures and humidities were recorded twice-a-week 

during the period of hottest daily temperatures, between 

1400 and 1530 h. Rectal temperatures and respiration rates 

of individual cows also were recorded at the same time as 

ambient temperatures. Ambient temperatures and humidities 

were also obtained on a daily basis (maximum, minimum and 

average) from the Arizona Meteorological Network (AZMET) 

weather station located approximately 1.5 km from the 

experimental site. The THI was calculated as follows: THI= 

0.45T+0.55TH-31.9H+31.9, where T=dry bulb temperature 

expressed in " F, and H=relative humidity/100 (Chambers, 

1970) . 

Samples of TMR and refusals (orts) were collected 

weekly and analyzed for DM according to AOAC procedures 

(1990); CP using the Kjeldahl digestion system (Tecator, 

Hoganas, Sweden) and the nitrogen (N) autoanalyzer (Bran and 

Luebbe, Analyzing Technologies, Elmssford, NY) according to 
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AOAC (1990); ADF and NDF according to Robertson and Van 

Soest (1981); and starch by enzymatic hydrolysis using the 

starch and sugar autoanalyzer (YSI 2700 Select, Yellow 

Springs Instrument Co. Yellow Spring, OH) according to 

procedures of Poore et al. (1991). 

Heparinized blood samples were collected weekly, 

centrifuged immediately and the plasma stored at -20° C 

until the final collection. Plasma was analyzed for NEFA 

according to Johnson and Peters (1993). 

Cows were milked twice daily at 0430 and 1630 h and 

daily milk yields were recorded. Individual milk samples 

were collected weekly from two consecutive milkings (a.m. 

and p.m.) and daily composites were analyzed for fat, 

protein, lactose, SNF and SCC by infrared procedures at the 

Arizona DHIA laboratory in Phoenix (Foss 360, Foss 

Technology, Eden Prairie, MN). 

Dry matter intake, feed efficiency (FCM/DMI); milk, 

fat and protein yields, as well as SNF, fat, protein and 

lactose percentages; SCC, 3.5% FCM, BW, BCS, NEFA, rectal 

temperature and respiration rate were adjusted for covariate 

effects using the data from the 14-d pretreatment period and 

analyzed by the General Linear Models procedure (GLM) of SAS 

(1985) using the following statistical model: 

Y  . = M  +  B  +  S + C  + S C +  C O V ,  +  E  1 ; < - ijkl 

where: Y,,^. = observation 
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M = overall mean 

B. = blocking effect 

S, = somatotropin effect 

C.^ = evaporative cooling effect 

= interaction between S, and C.^ 

GOV, = covariate effect 

= random residual error 

RESULTS AND DISCUSSION 

Ingredient and nutrient composition of the diet are in 

Tables 5.1 and 5.2, respectively. All nutrients in the TMR 

were balanced to meet requirements (NRC, 1989), based on the 

upper limit of milk yield, so that highest producers in the 

experiment met minimum nutrient requirements. 

Milk yield was increased by bST (P<0.01) and tended to 

be higher for cooled cows (P<0.07) (table 5.4). When cows 

were in shade only, bST increased milk yield 9.7% (30.4 vs 

27.7 kg/d), but when cows were cooled, the increase on bST 

was 12.4% (32.6 vs 29 kg/d). Cows on bST were higher on 

milk yield (32.6 vs 30.4 kg/d) when cooled than when not 

cooled. Independently of bST administration, cooling of 

cows increased milk yield 4.7% (29.0 vs 27.7 kg/d). 

However, the increase was 17.7% (32.6 vs 27.7 kg/d) when 

cows were cooled with bST versus cows in shade only without 

bST. Although, the response in milk production to bST is in 

the range of reported results, effects of bST and 
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evaporative cooling in the present experiment was lower than 

the expected because of the higher environmental 

temperatures and THI during the siommer of 1996 compared with 

previous years (Chan, et al., 1995). Perhaps the cooling 

systems became less effective because of continued summer 

use for 10 consecutive years. 

Fat percentage (P<0.05) and yields of fat, protein and 

3.5% FCM, as well as efficiency of feed conversion to milk 

(P<0.01), all were increased by bST, but protein and SNF 

percentages were not. Most of the previous trials have 

reported little or no change in milk composition because of 

bST administration (Hartnell et al., 1991; McGuffey et al., 

1991; Laurent et al., 1992; Gibson et al., 1992; Chalupa et 

al., 1996). Evaporative cooling increased fat and FCM 

yields and protein and SNF percentages {P<0.05), but did not 

affect percentage of fat, protein yield nor efficiency of 

feed conversion to milk. In accordance with most 

experiments (Hartnell et al., 1991; Barbano et al., 1992; 

Gibson et al.,1992), percentage of lactose was not affected 

by bST, probably because lactose is the osmotic factor 

influencing milk synthesis and is required in proportion to 

the amount of milk produced. 

Although see was not affected by bST or cooling system, 

its high SEM suggests large variations in observed values. 

Moreover, all treatment groups had some cows with health 
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problems such as mastitis and foot lesions which undoubtedly 

increased the SCC of milk. 

Intake of DM was not affected by either of the 

treatment factors, but some differences in selectivity of 

diet ingredients were observed cimong treatments. In table 

5.3 are shown the analyses of nutrient composition of diet 

and refusals (orts) for each treatment, which suggested that 

cows on SH+bST tended to consume less fiber, while those 

those on KK tended to consume more fiber compared with cows 

other treatments. Administration of bST usually increases 

DMI to sustain increased milk production (Hartnell et al., 

1991; Gibson et al., 1992; Chalupa et al., 1996); whereas, 

alleviation of heat stress should also increase feed 

consumptions (Collier et al., 1981; Huber et al., 1994). 

Effects of bST and evaporative cooling on BW, BCS 

changes, NEFA in plasma, rectal temperatures and respiration 

rates are shown in table 5.5. In this experiment, BCS were 

not affected by either factor, which agrees with researchers 

who have shown little or no effect of bST on BCS (Hartnell 

et al., 1991; Gibson et al., 1992); and there is little 

information available on effects of cooling on BCS. Neither 

were BW changes affected by bST, which agrees with Hartnell 

et al., 1991; and Gibson et al., 1992; however, different 

results were found in some studies (Lean et al., 1991; 

McGuffey et al., 1991). 
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Evaporative cooling resulted in increased of cows, 

but did not influence BCS changes. These changes in BW and 

ECS are dependant on energy balance. Rectal temperatures 

and respiration rates were not affected by bST 

administrations, but they were decreased (P<0.01) by 

evaporative cooling, which agree with other studies with 

heat stressed cows (Huber et al., 1995) . 

Concentrations of NEFA in plasma were not affected by 

cooling system, but were increased by bST injections, 

suggesting greater nutrient mobilization from adipose tissue 

to furnish the extra nutrients required for the increased 

milk production caused by the bST administration. Lactating 

cows in early lactation will generally increase in NEFA 

concentrations, suggesting a negative energy balance which 

stimulate mobilization of adipose tissue. A lag time to 

adjust feed intakes needed for the higher milk yield after 

bST administration was shown by Bines and Hart (1982) and 

Peel and Bauman (1987). Lactating cows in mid or late 

lactation usually do not mobilize fat tissue because milk 

production is declining and the cow is gaining body tissue 

in preparation for the coming lactation. In the present 

study increased fat mobilization of bST-treated cows 

probably occurred because heat stress was not totally 

alleviated by the evaporative cooling and the hormone 

injection increased milk production. Moreover, feed intake 

was probably not sufficient to support the increased milk 



106  

production elicited by bST and cooling, hence tissue 

mobilization occurred. 

In Table 5.6 ambient temperatures, humidities and THI 

taken at the experimental site and also measurements from 

the Arizona Meteorological Network Weather Station (about 

1.5 km from the experimental site) are given. These data 

suggest that evaporative cooling was not able to completely 

eliminate heat stress in cows, because the maximum THI 

measured under that cooling system remained quite high 

(78.9) according limits suggested by Wiersma and Armstrong 

(1990). However, these THI values might not accuretely 

reflect heat stress in this type of evaporative cooling 

system which delivers a fine spray above the cow's back 

resulting in high humidities, but also a strong cooling 

effect. 

No significant interactions between bST and cooling 

system were observed, even though cows responded more in 

milk yields to bST when cooled (3.6 kg/d) than when not 

cooled (2.7 kg/d). 

CONCLUSIONS 

Administration of bST increased milk yields of 

lactating Holstein cows during the hot summer months, but 

response tended to be higher when evaporative cooling was 

used to reduce heat stress. Fat percentages and yields of 

fat, protein and 3.5% FCM, as well as efficiency of 



conversion of feed to milk, all were increased by bST. 

Evaporative cooling decreased rectal temperatures and 

respiration rates and increased milk, fat and FCM yields. 

Concentrations of NEFA in blood serum increased on bST, 

suggesting that a part of the response in milk production 

bST was at expense of tissue mobilization. 
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Tzdsle 5.1 Ingredient con^ositlon of the diet. (Exp. 3) 

Ingredients % of DM 

Alfalfa hay 45.0 

Whole cottonseed o
 
o
 

Steamed- flaked sorghum 41.2 

Prilled fatty acids" 0.8 

Mineral and vitamin pre-mix 3.0 

"Energy Booster (Milk specialities Co., Dundee, IL.) 

'Molasses, 0.29; NaHCOj, 0.25; Dicalcium phosphate, 0.22; 

MgO, 0.13; NaCl,0.07; S, 0.02; niacin, 0.01; Zinpro, 0.005; 
Zn, 2000 mg/kg; Mn, 1300 mg/kg; Cu, 333 mg/kg; I, 20 mg/kg; 
Se, 10 mg/kg; 3.3 mg/kg; Vit.A, 67000 lU/kg; Vit. D, 67000 
lU/kg; and Vit. E, 700 lU/kg. 
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Table 5.2 Nutrient con^osition of the diet. (Exp. 3) 

Diet 

Nutrient Balanced Lab Analyses 

DM, % 90.0 88.0 

CP, % 17.5 16.6 

NE._, Meal/kg 1.72 1.70 

Starch • 36.7 

ADF, % 23.4 21.2 

NDF, % 29.0 25.9 

"Ohio Dairy Ration Program (version 1992a) 

Calculated, based on NRC (1989) . 
* This nutrient was not balanced by the Ohio Dairy Ration 
Program. 
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Taible 5.3 Analyses of nutrient composition of the diet and 
refusals by treatment. (Exp. 3) 

DIET" REFUSALS 

Nutrient,% of DM SH SH+BST KK KK+BST 

CP 16. 6 15.3 16.2 16.0 15.8 

Starch 36.7 25.8 19.7 28.2 25.0 

ADF 21.2 24 .1 27 . 4 22.0 24.2 

NDF 25. 9 33. 6 35.9 29.8 33.0 

Ash 7.6 9.7 9.8 9.8 10.0 

Analyzed in the Animal Science Laboratory at the 
University of Arizona. 
• • 

The same diet was offered to the cows in all treatments 



Table 5.4 Effect of bST and evaporative cooling on performance of heat-stressed 
cows. (Exp.3) 

T r e a t m e n t ^ E f f e c t ^  

Item SH SH+BST KK KK+BST SEM S C SxC-

Milk yield, kg/d 27.7 30.4 29.0 32. 6 0.45 0. 01 0.07 NS 

DMI, kg/d 23.4 23.8 23.4 24.6 0.36 0. 33 0.67 NS 

3.5% FCM, kg/d 26.4 29.0 27.4 31.3 0.39 0. 01 0.05 NS 

FCM/DMI 1.10 1. 24 1.14 1.31 0.02 0. 01 0.21 NS 

Fat, % 3.14 3.26 3.13 3.31 0.03 0. 05 0.77 NS 

Fat,kg/d 0.88 0. 98 0.91 1.07 0.01 0. 01 0.04 NS 

Protein,% 3.12 3.12 3.05 3.05 0.02 0. 99 0.05 NS 

Protein, kg/d 0.87 0.95 0.88 0.99 0.01 0. 01 0.34 NS 

Lactose,% 4.97 4 . 94 4.89 4.95 0.02 0. 77 0.45 NS 

SNF, % 8.68 8. 67 8.51 8.59 0.03 0. ,49 0.03 NS 

see,1x10^ cells/ml 316 348 213 390 39.2 0, ,51 0.82 NS 

^ Treatments;SH=shade only and without bst inject ion; SH + BST=corral with only 

shade and bst injection; KK=corral with shade and korral kool system and 

without bST injection; KK+BST=corral with sliade and korral kool system and bST injection. 

^ S=somatotropin (bST) effect; C=cooling system; S x C= Interaction between 

S and C. 

^ NS=non-significant {P>0.10) 



Table 5.5 Effect of bST and evaporative cooling on body measurements of 
heat-stressed cows. (Exp.3) (Continued) 

Treatment' Ef f ect-

Item^ SH SH+BST KK KK+BST SEM SxC 

BW Change, kg/d -0.16 -0.12 0.00 

CM o
 0. 05 0. 37 0. 04 NS 

BCS Change 0.08 0.06 0.06 0.14 0. 03 0. 61 0. 69 NS 

NEFA, mEq/1 0.14 0.21 0.15 0.21 0. 01 0. 01 0. 82 NS 

Rectal temperature,°C 39.5 39. 4 38.7 38.8 0. 04 0. 88 0. 01 NS 

Resp. rate, breath/min. 0
0
 

86.2 67 . 3 65.7 0. 83 0. 95 0. 01 NS 

^ BW,body weight;BCS,body condition score;NEFA,non-esterified fatty acids. 

^ Treatments:SH=shade only and without bst injection; SH+BST=corral with only 

shade and bst injection; KK=corral with shade and korral kool system and without 

bST injection; KK+BST=corral with shade and korral kool system and bST injection. 

^ S=somatotropin (bST) effect; C=cooling system; S x C= Interaction between 

S and C 

^ NS=non-significant (P>0.10) 



Table 5.6 Daily teinperatures, humidities and THI from the experimental site 
taken at 1330 h and 1530 h; and the maximum temperatures, minimum humidities and 
calculated THI from AZMET measurements. 

SH KK AZMET 

T H THI T H THI T H THI 

Avg. pre-trt 36.2 14.0 75.2 33.5 7.5 74.8 
Treatment 
Jun. 4 37 .2 18.0 80.5 33.3 25.0 78 . 1 41.0 6.0 81.1 

6 37.2 18.0 80.5 33.9 26.5 79.0 41.0 7.0 81.4 
11 37.5 18.0 80.8 32.5 27 . 5 77 .7 38.0 11.0 79. 6 
13 36.7 40.0 84 .8 34.4 40.0 82.3 36.0 18.0 79.3 
18 41.4 28.0 87.3 31.9 33.5 78 .1 40.0 9.0 81.0 
20 37.8 32.5 84 . 4 29.4 50.0 77.8 40.0 11.0 81.5 
25 38.1 24.5 82.9 28.1 38.5 74.4 38.0 10.0 79.4 
27 35.6 31.5 81.7 26.4 48.5 73.6 35.0 19.0 78.5 

Jul. 2 41.1 22 . 5 85.5 34 . 4 41.5 82. 6 41.0 17.0 84 .0 
4 39.7 28 . 5 85.6 31.7 34.5 78.0 38.0 25.0 82.1 
9 33.3 31.0 79.1 31.1 44 .0 78 .8 33.0 39.0 80.2 
11 37.8 20.0 81.5 35.0 45.0 84 .0 36.0 30.0 81.9 
23 37.8 12.5 79.8 35. 8 37.0 83.3 40.0 15.0 82.5 
25 38.3 30.0 84 . 4 32.5 35.5 79.1 39.0 20.0 82.8 
30 41.7 29.0 87. 9 36.7 30.0 82.7 41.0 17.0 84.0 

Aug. 1 35.0 27.0 80.1 29.2 27.0 74.0 38.0 24.0 82.7 
6 41.7 30.0 88 .1 32.2 38.0 79.2 38.0 15.0 80.6 
8 40.0 28 .0 85.8 33.3 36.0 80.2 38.0 22.0 82.2 

Avg. trt 38.2 26.1 83.4 32.3 36. 6 79.0 38.4 17.5 81.5 

T=temperature H=humidity, THI=Temperature-Humidity Indix. 

AZMET=Arizona Metereological Network Weather Station, a service of the U of A. 
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CHAPTER 6 

GENERAL SUMMARY AMD CONCLUSIONS 

Three experiments were conducted to evaluate the 

influence of bST on the performance of lactating Holstein 

cows. The first experiment was a lactation trial where 

Holstein cows during advanced lactation because of 

reproductive problems were fed either a high or low energy 

(which met NRC requirements) diets were injected with bST. 

Cows averaging 292 DIM and 21 kg/d of milk were assigned to 

one of the three treatments groups in a randomized block 

design. This experiment was divided in two periods of equal 

length. Results showed that administration of bST was 

efficacious in enhancing FCM, milk, fat and protein yields 

of cows during advanced lactation, particularly when fed 

diets of low energy density which met NRC requirements. 

Numerical increases of BW and BCS of cows in the HED group 

may explain the fate of the extra energy consumed by these 

cows. The analysis of diets and feed refusals in both 

groups showed that cows fed high energy diets refused a feed 

of higher nutrient density in relation to that offered, 

showing selection for the roughage portion of the diet. 

Intake of DM and milk composition were not affected by 

either bST injection or energy density of the diet, while 

efficiency of conversion of feed to milk was improved by bST 

but not by energy density. In a preliminary trial conducted 
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to evaluate the effect of bST on milk production and 

composition in non-pregnant Holstein cows in very late 

lactations also showed increases in FCM, milk, fat and 

protein yields. 

The second experiment was conducted to evaluate 

response to bST of Holstein cows in very early, early, mid, 

late, advanced and extended lactations. In this experiment, 

cows were assigned to three trials according to their stage 

of lactation. In the first trial, cows were assigned to one 

of the three groups (late, advanced and extended lactation 

cows), where they were their own controls based on 

projection of milk and component yields by regression 

equations. Results showed that bST significantly increased 

milk production in late, advanced and extended lactation 

cows. However, milk composition, BW, BCS, and SCC were not 

affected by bST treatment in any of the groups. Fat and 

protein yields were not affected by bST treatment in either 

late or advanced lactation cows, but in extended lactation 

cows, these yields were higher for bST treated cows. In the 

second trial of the experiment 2, cows in very early and 

early lactation were used. Results showed that bST tended 

to increase milk yields in early lactation cows, but not in 

very early lactation. Other measured variables were not 

influenced either by bST or stage of lactation. In the 

third trial of this experiment, cows in mid lactation were 

treated with and without bST. Results showed that bST 
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increased milk and protein yields in mid lactation, but milk 

composition, BW, BCS, and SCC were not affected. 

In the third experiment, cows averaging 195 DIM and 

33.6 kg/d milk were assigned to four treatments in a 2 x 2 

factorial arrangement. Factors were: normal shade and 

evaporative cooling (KK system) and injection or non-

injection of bST. This experiment was performed during the 

summer of 1996. Major findings were that bST increased milk 

yield of lactating cows during the hot summer weather and 

tended to be higher in evaporatively cooled cows. Fat 

percentages and yields of fat, protein and FCM, as well as 

efficiency of feed conversion to milk, all were increased by 

bST, while evaporative cooling decreased rectal 

temperatures, respiration rates and milk protein 

percentages. 

Overall, these studies show that bST treatment is quite 

efficacious in increasing performance of cows in advanced 

and extended lactations. Moreover, it offers a tool for 

dairy producers to enhance profits from cows that are 

problems breeders. The hormone gave a beneficial effect on 

a low energy diet (which met NRC requirements for cows in 

late lactation) and when cows were sxibjected to heat stress. 
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i^pendix. Tedale A. Lactational performance of individual cows. (Exp. 1,trial 2) 

Cow # TRT^ Period^ DM I Milk yield FCM FCM/DMI Protein Fat 

kg/d kg/d kg/d % kg/d % kg/d 

576 CON 1 22.3 6.2 6.2 0.28 3.25 0.20 3.48 0.22 
2 • • • •k • • • * 

627 CON 1 23.2 22.3 23.7 1.02 3.53 0.79 3. 87 0.86 
2 21.0 22.0 22.0 1.05 3.28 0.72 3.49 0,77 

482 CON 1 20.6 12.6 12.4 0.60 3.66 0.46 3.38 0.43 
2 17.0 10.5 10.6 0.63 3. 56 0.37 3.56 0.37 

1332 CON 1 22. 0 18.2 17.6 0.80 3. 38 0. 62 3.28 0.60 
2 20.2 17.3 16.5 0.81 3.20 0.56 3.19 0.55 

365 CON 1 25.6 21.5 22.6 0.88 3.72 0.80 3.80 0.82 
2 22.3 18.4 19.2 0.86 3.53 0.65 3.80 0.70 

623 CON 1 26.5 27.9 26.3 0.99 3.27 0. 91 3.15 0.88 
2 25.7 27.2 24.8 0. 97 3.23 0.88 2.96 0.81 

683 CON 1 22.6 28.0 28.6 1.27 3. 35 0.94 3.62 1.01 
2 22.5 27.8 26.7 1.19 3.15 0.88 3.24 0.90 

712 CON 1 21.8 18 .4 17.8 0.82 3.12 0.57 3.32 0.61 
2 20.4 17.4 16.3 0. 80 3.07 0. 53 3.12 0.54 

^ Treatments:CON=low energy diet without bST injection; LED=low energy diet and injected with 500 mg of 

bST every 14 days; HED=high energy diet and injected as those in trt 2. 

^ Period 1. 1-49 days in treatment; Period 2. 50-9B days in treatment. 

* Cows that were dried off in the period 2. 



i^pendix. Tedsle A. Lactational performance of individual cows. (Exp. 1, trial 2) 
(continued) 

Cow # TRTI Period^ DM I Milk yield FCM FCM/DMI Protein Fat 

kg/d kg/d kg/d % kg/d % kg/d 

567 LED 1 23.6 22.1 26.2 1.11 4.12 0. 91 4.63 1.03 
2 21.4 22 . 3 25.8 1.21 4 .17 0.93 4. 48 1.00 

286 LED 1 24.8 23.3 23.8 0.96 3.63 0.85 3.63 0.85 
2 24.8 20.5 20.5 0.83 3.57 0.73 3.49 0.72 

579 LED 1 29.2 31. 3 33.5 1. 15 3.80 1.19 3.93 1.23 
2 29.7 33.7 32.8 1.11 3.69 1.24 3.34 1.12 

1204 LED 1 21.5 22. 0 20. 8 0. 97 3.36 0.74 3.16 0.69 
2 21.9 25.4 24.2 1.10 3.19 0.81 3.20 0.81 

697 LED 1 22.2 26.1 28.3 1.28 3.55 0. 93 4.03 1.05 
2 22.9 26.9 28.2 1.23 3.47 0. 93 3.81 1.03 

1317 LED 1 20.7 22.5 23.0 1.11 3.26 0.73 3.62 0.81 
2 21.1 20.1 20.4 0.97 3.58 0.72 3.58 0.72 

355 LED 1 26.9 30.0 31.4 1.17 3.48 1.05 3.78 1.14 
2 23.2 28.5 28.6 1.24 3.60 1.03 3.53 1.01 

491 LED 1 21.8 19.9 19.9 0. 91 3.48 0.69 3. 52 0.70 
2 16.2 17 .1 16.6 1. 03 3. 60 0.57 3. 30 1.01 

^ Treatments:CON=low energy diet without bST injection; LED=low energy diet and injected with 500 mg of 

bST every 14 days; HED=high energy diet and injected as t))ose in trt 2. 

^ Period 1. 1-49 days in treatment; Period 2. 50-98 days in treatment. 

* Cows that were dried off in the period 2. 



i^pendix. Table A. Lactational performance of individual cows. (Exp. 1,trial 2) 
(continued) 

OW # TrtI Period^ DM I Milk yield FCM FCM/DMI Protein Fat 

kg/d kg/d kg/d % kg/d % kg/d 

515 HED 1 24 . 6 18 . 3 19.8 0.80 3.72 0. 68 4.02 0.73 
2 21.9 17.7 18.4 0.84 3.64 0.64 3.75 0.66 

304 HED 1 18 . 9 16.4 15. 6 0.83 3.45 0.57 3.22 0.53 
2 14.5 13.4 11.8 0.82 3.16 0. 42 2.77 0.37 

690 HED 1 25.7 26.4 27.5 1.07 3.32 0.87 3.77 0.99 
2 27.0 29.2 28 .7 1.06 3.22 0.94 3.39 0.99 

636 HED 1 20.5 12.9 13.3 0.65 4.03 0.52 3.70 0.48 
2 • • * A- • • * * 

692 HED 1 22.5 33.6 33.5 1.49 3.27 1.10 3.48 1.17 
2 22. 6 34.5 30. 4 1.35 3.22 1.11 2.78 0.96 

407 HED 1 29.3 28.5 29.1 0.99 3.52 1.00 3.62 1.03 
2 25.2 30. 6 30.2 1.20 3.40 1.04 3.42 1.05 

701 HED 1 20.9 25.4 25.1 1.20 3. 32 0.84 3.44 0.87 
2 16.2 22 . 5 20.3 1.25 3.09 0. 69 2.90 0. 65 

1244 HED 1 23.2 21 . 9 22 . 4 0.96 3.53 0.78 3.63 0.80 
2 16.2 17. 1 16.6 1.03 3. 60 0.57 3.30 1.01 

^ Treatments;CON=iow energy diet without bST injection; LED=low energy diet and injected with 500 mg of 

bST every 14 days; HED=high energy diet and injected as cows in trt 2. 

^ Period 1. 1-49 days in treatment; Period 2. 50-98 days in treatment. 

* Cows that were dried off in the period 2. 



Appendix. Table B. Milk composition; BW and BCS of individual cows . (Exp. 1,trial 2) 

Cow # TRT^ PERIOD^ SNF LACTOSE see BW BCS 

% % #xl03 kg 1-5 

576 CON 1 7.5 3 . 62 511 769 4 . 67 
2 • •k * •k * 

627 CON 1 9.02 4 .88 53 691 3.75 
2 8.86 4.87 33 705 3. 94 

482 CON 1 9.00 A.12 123 736 3. 67 
2 8.80 4.52 194 769 3.94 

1332 CON 1 8.82 4 .82 618 683 3.33 
2 8.49 4 . 62 958 706 3.00 

365 CON 1 9.38 5.04 63 674 2.83 
2 9.28 5. 06 66 706 3.00 

623 CON 1 9.02 5.15 52 637 3.42 
2 9.09 5.21 51 680 3.44 

683 CON 1 8 .78 4.83 67 559 2. 67 
2 8 .45 4 . 65 86 590 2.50 

712 CON 1 8.96 5.22 69 739 3.25 
2 8 . 60 5.00 120 775 2.94 

^ treatments:CON=low energy diet without bST injection; LED=low energy diet and injected with 500 mg < 

bST every 14 days; HED= =high energy diet . and injected as cows in trt 2 . 

^ Period 1. 1-49 days on treatment; Period 2. 50-98 days on treatment. 
* cows that were dried off in the period 2. 



i^pendix. Ted>le B. Milk composition, BW and BCS of individual cows. (Exp. 1, trial 2) 
(continued) 

Cow # TRT^ PERIOD^ SNF LACTOSE see BW BCS 

% % #xlo3 kg 1-5 

567 LED 1 9.63 4.90 68 682 3.33 
2 9.71 4 .82 55 690 3.00 

286 LED 1 9.43 5.17 118 738 2.75 
2 9.13 4.87 112 790 2.81 

579 LED 1 9. 65 5.25 170 708 2.75 
2 9. 61 5.23 154 742 2.50 

1204 LED 1 8.58 4.62 1836 807 3. 67 
2 8.53 4 .64 1215 828 3,56 

697 LED 1 9.47 5.32 54 658 3. 67 
2 9.36 5.25 126 675 3.44 

1317 LED 1 8.88 5.00 67 748 3.58 
2 9. 09 4 . 84 73 780 3.56 

355 LED 1 9.17 5.08 65 665 2.67 
2 9.41 5.08 282 654 2.56 

491 LED 1 9.14 5.04 87 702 2.75 
2 9.06 4 . 93 239 710 2.75 

^ treatments;CON= low energy diet without bST injection; LED=low energy diet and injected with 600 mg 

bST every 14 days ; HED= =high energy diet and injected as cows in trt 2 . 

Period 1. 1-49 days on treatment; Period 2. 50-98 days on treatment. 

' cows that were dried off in the period 2 . 



Appendix. Table B. Milk composition, BW and BCS of individual cows. (Exp. 1, trial 2) 
(continued) 

Cow # TRTI PERIOD^ SNF LACTOSE see BW BCS 

% % #xl03 kg 1-5 

515 HED 1 9.20 4 . 90 245 770 3.92 
2 9.12 4.81 220 814 4 .06 

304 HED 1 8.55 4.52 856 690 3.33 
2 7 . 92 4 . 09 1762 705 3.38 

690 HED 1 8.98 5.07 58 677 3.25 
2 8.83 4 .95 70 722 3.38 

636 HED 1 9.83 5. 16 277 742 3.58 
2 * A" * * * 

692 HED 1 9.15 5.28 72 588 2.75 
2 9.35 5.47 99 615 2.81 

407 HED 1 9.17 5. 05 73 743 2.67 
2 9.10 5. 04 68 781 2.88 

701 HED 1 8 .80 4.88 51 573 2.58 
2 8 . 62 4.84 157 563 2.50 

1244 HED 1 9.05 4.92 124 707 2.58 
2 8.95 4.67 119 735 2.69 

^ treatments:CON= low energy diet without bST injection; LED=low energy diet and injected with 500 mg 

bST every 14 days; HED=high energy diet . and injected as cows in trt 2. 

^ Period 1. 1-49 days on treatment; Period 2. 50-98 days on treatment. 

* cows that were dried off in the period 2 . 



Appendix. Teible C. Lactational performance of individual cows in late lactation. 
(Exp. 2,trial 1, Trt; CON) 

Cow # TRT Milk yield Fat Protein BW BCS see 

% kg/d % kg/d 

545 CON 14 .4 3.30 0.48 3. 40 0.75 894 3.25 264.0 

699 CON 3.70 1.26 3.20 1.07 746 3.00 44.0 

707 CON 27.0 3.40 0.92 3.00 0.84 705 2.^5 54.0 

724 CON 30. 0 3.50 1.05 3.10 0.93 726 3.00 115.0 

1278 CON 26.9 3.70 1.00 3.20 0.88 855 3.25 87.0 

1344 CON 33. 6 3.40 1.14 2.90 1.06 785 3.00 214.0 

1367 CON 27.9 3.10 0.86 3.10 1—»
 
o
 

00
 

703 3.00 87.0 

1368 CON 17.4 3.30 0.57 3.20 0. 64 816 3.50 123.0 

C O N = e s t imate d  means  f ro m 28 -d  pre trea tment  t o  56 -d  t rea tment  per iods  by  l inear  regres s ion .  

bST=  recorded  means  f r o m the  56 -d  t rea tment  per iod .  



Appendix. Table C. Lactational performance of individual cows in late lactation. 
(Exp. 2, trial 1, Trt: BST) 

Cow # TRT Milk yield Fat Protein BW BCS see 

% kg/d % kg/d 

545 bST 21 .5 3.00 0. 64 3. 50 0.75 885 3.25 73. 5 

699 bST 32 .4 3.00 0.97 3. 30 1.07 735 3. DO 15.0 

707 bST 27 .9 3.20 0.89 3.00 0.84 710 3.00 37.5 

724 bST 30 .0 3.80 1.14 3.10 0.93 728 3.00 27 .0 

1278 bST 26 .0 4.30 1.12 3. 40 0.88 857 3.25 94.5 

1344 bST 33 .6 3.85 1.29 3.15 1.06 767 2.75 296.0 

1367 bST 34 .2 3.50 1.20 3.15 1.08 694 3.00 13.0 

1368 bST 20 .4 3.45 0.70 3.15 0.64 803 3.25 77.5 

C O N = e s t imate d  means  f rom  28 -d  pre tre a tme nt  t o  66 -d  t rea tm ent  per i ods  by  l inear  regres s ion .  

bST=  recorded  means  f ro m the  56 -d  t rea tment  per iod .  



Appendix. Table D. Lactational performance of individual cows in advanced 
lactation. (Exp. 2,trial 1, Trt: CON) 

Cow # TRT Milk yield Fat Protein BW BCS see 

% kg/d % kg/d 

608 CON 15 . 1 3. 40 0.51 3.20 0.48 767 3.00 45.0 

565 CON 19 .5 3. 20 0. 62 3.30 0.64 900 3.25 101.0 

700 CON 25 .0 3. 70 0.92 3.50 0.87 671 3.00 325.0 

701 CON 21 .7 3. 10 0. 67 3.20 0. 69 755 3.00 107.0 

710 CON 24 .8 4 . 10 1.02 3.40 0.84 67 6 3.25 606.0 

717 CON 14 .6 3. 30 0. 48 3.30 0. 48 751 3.75 103.0 

1341 CON 20 .5 3. 00 0. 62 3.10 0. 64 830 3.50 53.0 

1343 CON 18 . 1 3. 60 0. 65 3. 80 0. 69 853 4.50 93.0 

CON= e s t imated  means  f r om  28 -d  pr e tr ea tment  t o  56 -d  t r e a tme nt  per iods  by  l in ear  r e gr e s s i on .  

bST=  recorded  means  f rom t he  56 -d  t rea tment  per iod .  



Appendix. Table D. Lactational performance of individual cows in advanced 
lactation. (Exp. 2,trial 1, Trt: BST) 

Cow # TRT Milk yield Fat Protein BW BCS see 

% kg/d % kg/d 

508 bST 16 .2 3. 30 0. 53 3. 35 0.54 769 3.00 69.5 

565 bST 21 . 8 3. 35 0. 73 3.25 0.71 885 3.25 80.5 

700 bST 24 .6 3. 50 0. ,86 3.45 0.85 660 3.00 115.5 

701 bST 23 .8 3. 60 0, ,85 3.20 0 .76 739 3.00 103.5 

710 bST 24 .5 3. 65 0, ,89 3.25 0.80 662 3.25 743.5 

717 bST 15 .8 3. 15 0, .50 3.25 0.51 760 3.75 81.0 

1341 bST 21 . 6 3.20 0, . 69 3.05 0.66 830 3.50 36.5 

1343 bST 21 .0 3. 65 0 . 77 3.80 0.80 850 4.25 109.5 

C O N = e s t i mated  means  f rom 28 -d  pre trea tment  t o  56 -d  t rea tment  per iods  by  l inea r  regres s ion .  

bST=  recorded  means  f rom the  56 -d  t rea tment  per iod .  



Appendix. Tedsle E. Lactational performance of individual cows in extended 
lactation. (Exp. 2,trial 1, Trt: CON) 

Cow # TRT Milk yield Fat Protein BW BCS see 

% kg/d % kg/d 

355 CON 22.3 4 .00 0.89 3.90 0.87 683 3.25 123.0 

365 CON 20.8 3. 30 0. 69 3.40 0.71 751 3.25 65.0 

566 CON 23.8 3.40 0.81 3.30 0.79 767 4.50 57.0 

579 CON 21.1 3.40 0.72 3.80 0.80 839 3.50 200.0 

623 CON 23.1 3.50 0.81 3.50 0.81 7 67 3.50 81.0 

627 CON 23.9 3.70 0.89 3.40 

00 o
 721 3.00 123.0 

697 CON 21.4 4 .10 0.88 3.70 0.79 796 4 . 00 54.0 

1332 CON 13.4 3.40 0.46 3. 30 0.44 717 3.25 36.0 

CON = e s t imated  means  f r o m 28 -d  pre trea tm ent  t o  56 - d  t rea tm ent  per iods  by  l inear  regres s ion .  

bST=  recorded  means  f rom the  56 -d  t rea tm ent  per iod .  



Appendix. Table E. Lactational performance of individual cows in extended 
lactation. (Exp. 2,trial 1, Trt: BST) 

Cow # TRT Milk yield Fat Protein BW BCS see 

% kg/d % kg/d 

355 bST 28 .6 4 .10 1.17 3.70 1.06 685 3.00 64 .0 

365 bST 23 .7 3.30 0.78 3.15 0.75 735 3.00 99.5 

566 bST 27 .0 3.70 1. 00 3.50 0. 95 755 4.25 394.5 

579 bST 24 .8 3.45 0.86 3.75 0. 93 844 3.50 140.5 

623 bST 22 .3 3.35 0.75 3.40 0.76 762 3.50 91.0 

627 bST 29 .5 3.80 1.12 3.20 0. 94 710 3.00 58.5 

697 bST 24 .2 4 . 40 1.06 3.80 0.92 885 4 .00 56.0 

1332 bST 15 .9 3.35 0.53 3.15 0.50 708 3.00 52.5 

C ON = e s t i mated  means  f r om  28 -d  pre trea tm ent  t o  56 -d  t r e a tme nt  per iods  by  l inear  regres s ion .  

bST=  recorded  means  f r om  t he  56 - d  t r e a tme nt  per iod .  



j^pendix. Table F. Lactational performance of individual cows in very early and 
early lactation. (Exp. 2,trial 2 ,  Trt: VE) 

Cow # TRT* Milk yield Fat Protein BW BCS see 

% kg/d % kg/d 

1275 VE 36 .0 3.30 1.19 2.85 1.03 649 2.75 151.0 

765 VE 33 .6 4.20 1.41 3.20 1.08 513 2.75 59.5 

714 VE 34 .6 3.50 1.21 2.80 0.97 624 2.75 33.5 

781 VE 29 .8 3.60 1.07 3.10 0.92 538 2.75 300.0 

1333 VE 34 . 6 4.35 1.51 3.00 1. 04 764 2.75 1218.5 

555 VE 42 .2 4 . 40 1.86 3.55 1.50 645 2.50 17.5 

569 VE 41 .2 5.15 1.27 3.30 1. 36 667 2.75 256.0 

4 67 VE 37 .2 4 .15 1.54 3.05 1.13 730 2.75 450.5 

T r e a t m e n t s : V E = ve r y  ear ly  l a c ta t i o n  wi thout  bST;  VEB=very  ear ly  l ac ta t i on  wi th  bST;  E=ear ly  

l ac ta t i on  wi tho ut  b S T;  E B =e ar ly  l a c ta t i o n  wi th  bST .  



Appendix. Table F. Lact:at:ional performance of individual cows in very early and 
early lactation. (Exp. 1,trial 2 ,  Trt: VEB) 

Cow # TRT* Milk yield Fat Protein BW BCS see 

% kg/d % kg/d 

360 VEB 46. 4 3.95 1.83 6.30 2. 92 701 2.75 140.5 

1370 VEB 36. 1 3.40 1.23 2.80 1. 01 610 2.75 68.0 

307 VEB 39. 6 3.90 1. 54 3.20 1.27 751 2.75 56.0 

481 VEB 33. 7 4 .70 1.58 2 . 95 0. 99 615 2.50 248.0 

780 VEB 31. 0 3.60 1.12 3.15 0. 98 572 2.75 44.5 

709 VEB 43. 7 3.90 1.70 2.65 1. 16 619 2.75 103.0 

472 VEB 37. 1 4.70 1.74 2.95 1. 09 721 2.75 156. 0 

515 VEB 42. 1 4 .45 1.87 2 . 85 1.20 710 3. 00 273.5 

Trea tment s :VE=very  ear ly  l ac ta t i on  wi thout  bST;  V EB=v ery  ear ly  l ac ta t i on  wi th  bST;  E=ear ly  

l ac ta t i on  w i thout  bST;  E B = e ar l y  l ac ta t i on  wi th  bST.  



Appendix. Table F. Lactational performance of individual cows in very early and 
early lactation. (Exp. 2,trial 2 ,  Trt: E) 

Cow # TRT* Milk yield Fat Protein BW BCS see 

% kg/d % kg/d 

454 E 27.2 4 . 15 1.13 3.20 0.87 67 6 2.75 30.5 

460 E 33.3 4 .00 1.33 3.00 1.00 671 2.75 17.5 

557 E 35.3 4.30 1.52 3.45 1.22 658 3.25 264.5 

764 E 29.0 3.15 0.91 2.90 0.84 594 3.00 117.0 

766 E 17.6 3. 65 0. 64 3.70 0. 65 642 3.25 62.0 

772 E 27.7 4.25 1. 18 2.95 0.82 551 2.75 23.0 

1225 E 43. 6 4.70 2.05 2.75 1.20 798 2.75 50.0 

1311 E 46.1 3.30 1.52 2.60 1.20 644 2.50 53.0 

Trea tment s :VE=very  ear ly  l ac ta t i on  wi thout  bST;  V EB=v ery  ea r ly  l ac ta t i on  wi th  bST;  E=ear ly  

l ac ta t i on  w i thout  bST;  E B = e ar l y  l a c ta t i o n  wi th  bST.  



Appendix. Tedsle F. Lactational performance of individual cows in very early and 
early lactation. (Exp. 2,trial 2, Trt: EB) 

Cow # TRT* Milk yield Fat Protein BW BCS see 

% kg/d % kg/d 

330 EB 34 .0 3. 60 1.22 3.05 1.04 767 3.00 151.0 

559 EB 36 . 4 3.25 1.18 3.05 1.11 733 3.00 37.5 

706 EB 34 . 6 4. 15 1.44 3. 50 0.95 748 3.00 101.5 

740 EB 29 .7 3.65 1.08 3.10 0.92 628 3.00 354.5 

769 EB 33 .7 3.95 1.33 3.15 1.06 531 2.75 60.0 

775 EB 30 .3 3.30 1.00 2.85 0.86 617 3.00 32.0 

1283 EB 37 .7 3.95 1.49 3.05 1.15 626 2.75 291.5 

1309 EB 43 . 3 3.25 1.41 2.80 1.21 762 3.00 19.0 

If •  I •  . 1 1  - I  •  —  I  • • • • ! _  •  
Treatments:VE=very early lactation without bST; VEB=very early lactation with bST; E=early 

lactation without bST; EB=early lactation with bST. 



Appendix. Table G. Lactational performance of individual cows in mid lactation. 
(Exp. 2,trial 3, CON) 

Cow # TRT^ Milk yield Fat Protein BW BCS see 

% kg/d % kg/d 

580 CON 24.8 4 .05 1.01 3. 15 0.78 792 3.75 135. 5 

679 CON 31.6 5.15 1. 63 3. 15 0. 99 737 2.75 228. 5 

688 CON 30. 1 4 .15 1.25 3. 20 0.96 726 3.50 39. 5 

696 CON 35.5 3.80 1.35 3. 05 1.08 771 2.75 31. 0 

704 CON 30.8 3. 90 1.20 3. 05 0. 94 773 3.25 310. 5 

760 CON 20.2 5.15 1.04 3. 55 1.72 665 3.50 71. 5 

761 CON 28. 6 3.05 0.87 3, 10 0.89 544 3.00 62. 0 

771 CON 28.8 3.65 1.05 2 . 95 0.85 594 3.00 26. 0 

777 CON 22. 9 4 .20 0.96 3. 70 0.85 578 3.00 164. 0 

1390 CON 29.2 4 .05 1.18 3. 50 1.02 630 3.00 238. 5 

^ cotrol 
bST/14 d 

cows 
for 4 

(CON) did not 
injections. 

received bST and bST treated cows received 500 iT\g 



^pendix. Table 6. Lactational performance of individual cows in mid lactation. 
(Exp. 2,trial 3, BST) 

Cow # TRT^ Milk yield Fat Protein BW BCS SCO 

% kg/d % kg/d 

516 BST 37.1 4.45 1.65 3.70 1.37 730 2.75 59.0 

678 BST 34 . 4 4 .15 1. 43 3.40 1.17 723 2.75 42.5 

685 BST 34 .2 4.20 1.44 3.15 1.08 739 3.00 21.5 

686 BST 29.6 4 .15 1.23 3.55 1.05 662 2.75 311.5 

702 BST 23.2 4.30 1.00 3.20 0.74 789 3.50 130.5 

756 BST 28.6 4.15 1.19 3.20 1.92 646 3.00 31.0 

770 BST 30.1 3.75 1.13 3.50 1.05 606 2.75 214.5 

1191 BST 31.1 3.65 1.14 3.20 1.00 744 3.25 81.0 

1339 BST 38 .6 4 .70 1.82 3.75 1. 45 694 2.75 166.5 

1382 BST 24 .2 3.45 1.84 3.25 0.79 705 3.25 168.5 

^ cotrol 
bST/14 d 

cows 
for 4 

(CON) did not 
injections. 

received bST and bST treated ! cows received 500 mg 



j^pendix. Table H. Lactational performance of individual cows. (Exp. 3) 

Cow # TRT^ DMI Milk yield FCM FCM/DMI Protein Fat 

kg/d kg/d kg/d % kg/d % kg/d 

798 SH 20.8 25.4 24 .2 1.16 3. 04 0.77 3.21 0.81 
786 SH 22.7 27.1 24.2 1.07 2. 82 0.76 2.85 0.77 
555 SH 26.7 29.8 28.4 1.06 3. 41 1.02 3.22 0.96 
1367 SH 21.7 31.8 28.3 1.30 2. 83 0.90 2.82 0.90 
705 SH 27. 6 27 .2 25.5 0. 93 3. 18 0.86 3.12 0.85 
484 SH 21.6 29.2 26.1 1.21 2. 72 0.79 2.84 0.83 
497 SH 22.7 26.5 26.8 1.18 3. 09 0.82 3.55 0. 94 
781 SH 21.9 25.2 23.9 1.09 3. 49 0.88 3.17 0.80 
307 SH+BST 25.2 29.5 27 . 4 1.09 3. 10 0.92 3.06 0. 90 
709 SH+BST 24.3 30.7 28.6 1.18 3. 32 1,02 3.08 0. 95 
799 SH+BST 22.4 31.0 28.5 1.27 3. 04 0.94 2.99 0.93 
1336 SH+BST 22.2 35.8 33.0 1.48 2. 86 1.02 3.02 1.08 
472 SH+BST 28.0 26.2 28.3 1.01 3. 29 0.86 3. 99 1.04 
2257 SH+BST 27 .8 39. 0 39.2 1.41 3. 28 1.28 3.53 1.38 
773 SH+BST 19.5 24.3 23.7 1.21 2. 94 0.71 3.36 0.81 
515 SH+BST 23.5 27 .8 27.1 1.15 3. 40 0.95 3.34 0. 93 

^  Trea tment s :SH=corra l  w i th  on ly  shade  and  w i thout  b s t  i n j e c t i on ; S H+ BS T= corra l  w i th  on ly  shade  and  

b s t  in j ec t i on ;  KK=corra l  w i th  shade  and  korra l  koo l  sy s t em  and  w i thout  bST in j ec t i on ;  KK+BST=corra l  

w i t h  shade  an d  kor ra l  ko o l  sy s t em  and  bST in j ec t i on .  



Appendix. Table H. Lactational performance of Individual cows. (Exp. 3) 

(continued) • 

Cow # TRT^ DM I Milk yield FCM FCM/DMI Protein Fat 

kg/d kg/d kg/d % kg/d % kg/d 

703 KK 25.7 32.9 31.4 1.22 2. 92 0.96 3.21 1.06 
572 KK 23.4 34.8 31.3 1.34 3. 02 1.05 2.88 1.00 
2693 KK 24.5 31.7 32.3 1.32 3. 45 1.10 3.61 1.15 
491 KK 24 . 2 34.9 32 . 3 1.34 2. 81 0.98 3.05 1.06 
543 KK 21.6 25.2 23.9 1.11 2. 85 0.72 3.17 0.80 
774 KK 22.6 26.8 24.6 1.09 3. 15 0.84 2.97 0.80 
772 KK 23.2 29.1 26.3 1.14 2. 82 0.82 2. 90 0.84 
714 KK 20.1 16.6 15. 6 0.78 3. 42 0. 57 3.12 0.52 
521 KK+BST 29.2 34 .7 33. 4 1.15 3. 00 1.04 3.26 1.13 
700 KK+BST 26.1 37.7 35.4 1.36 3. 11 1.17 3.12 1.18 
692 KK+BST 24 . 6 31. 3 29 . 3 1 . 19 2. 89 0 . 90 3.11 0 . 97 
1347 KK+BST 28.0 38.5 37.0 1.32 2 . 84 1.09 3.26 1.25 
765 KK+BST 21.4 30.4 30.0 1.40 3. 13 0.95 3.43 1.04 
569 KK+BST 20.0 24.4 22. 9 1. 14 3. 00 0.73 3.12 0.76 
467 KK+BST 23. 6 33. 4 33.8 1. 43 3. 17 1.06 3. 56 1.19 
1333 KK+BST 24 .8 28.8 30.2 1.22 3. 34 0.96 3.81 1.10 

^  Trea tment s :SH=corra l  w i th  on ly  shade  and  w i thout  b s t in j ec t i on ; S H + BS T= corra l  w i th  on ly  shad e  an d  

bs t  i n j e c t i on ;  KK=corra l  w i th  shade  and  korra l  koo l  sy s t em and  w i thout  bST in j ec t i on ;  KK+BST=corra l  

w i t h  shade  and  korra l  koo l  sy s t em  and  bST in j ec t i on .  



l^pendix. Table H. Lactational performance of individual cows. (Exp. 3) 

(Continued)* 

Cow # TRTi Lactose SNF SCC 
% % # X 10^ 

798 SH 5.07 8.71 204 
786 SH 5. 17 8.57 142 
555 SH 5.02 9.04 556 
1367 SH 4 .81 8.22 24 
705 SH 5.13 8.91 58 
484 SH 4 .45 7.73 119 
497 SH 4.80 8.49 766 
781 SH 5. 18 9.27 68 
307 SH+BST 4 . 60 8.29 245 
709 SH+BST 4.91 8.83 700 
799 SH+BST 5.49 9.14 230 
1336 SH+BST 4.37 7.88 1867 
472 SH+BST 5.08 8.99 723 
2257 SH+BST 4 . 64 8.52 158 
773 SH+BST 4.80 8.33 257 
515 SH+BST 5. 10 9.10 95 

^  Treatment s :SH=co r t a l  w i th  on ly  shade  and  w i thout  b s t  in j e c t i on ;  SH+ B ST =corra l  w i th  on ly  shade  and  

b s t  i n j e c t i on ;  KK=corra l  w i th  shade  and  korra l  ko o l  sy s t em  and  w i thout  bST in j ec t i on ;  KK+BST=corra l  

w i t h  s ha de  and  ko rra l  koo l  sy s t em  and  bST in j ec t i on .  



Appendix. Table H. Lactational performance of individual cows. (Exp. 3) 
(Continued). 

Cow # TRT^ Lactose SNF SCC 
% % X 10^ 

703 KK 4 . 83 8.30 55 
572 KK 5.11 8.72 539 
2693 KK 5.15 9.16 80 
491 KK 4.97 8.36 33 
543 KK 4.41 7.79 95 
774 KK 5.29 9.01 39 
792 KK 4 . 65 8.04 147 
714 KK 4.80 8. 83 205 
521 KK+BST 4.96 8 . 55 69 
700 KK+BST 5.01 8 .72 144 
692 KK+BST 5.22 8.70 53 
1347 KK+BST 4 . 52 7.89 165 
765 KK+BST 4.99 8.72 1261 
569 KK+BST 5.07 8. 66 52 
4 67 KK+BST 5.21 8. 98 19 
1333 KK+BST 5.16 9.11 166 

^ Treatments:SH=corral with only shade and without bst injection; SH+BST=corral with only shade and 

bst injection; KK=corral with shade and korral kool system and without bST injection; KK+BST=corral 

wi th  shade  an d  korra l  koo l  sy s t e m and  bST in j ec t i on .  



Appendix. TiUble H. Lactational performance o£ individual cows. (Exp. 3) 
(Continued). 

Cow # TRT^ BW BCS NEFA Rectal Temp. Resp. Rate 
kg 1-6 mEq/1 °C breaths/min. 

798 SH 528 2.95 0.19 40.2 96.0 
786 SH 605 3.30 0.14 39.5 74.2 
555 SH 616 2.80 0.15 39.2 81.5 
1367 SH 611 2.95 0.12 39.8 95.4 
705 SH 762 3.40 0.10 39.6 76.7 
484 SH 657 3.15 0.11 38.9 86.8 
497 SH 731 2. 90 0.16 39.9 86.4 
781 SH 614 3.35 0.17 39.1 79.2 
307 SH+BST 787 3. 50 0.15 39.2 97.9 
709 SH+BST 678 3.20 0.23 39.6 85.2 
799 SH+BST 606 3.05 0.19 39.5 86.5 
1336 SH+BST 716 3.25 0.26 39.3 84.2 
472 SH+BST 764 2.95 0.13 39.7 83.1 
2257 SH+BST 671 2.60 0.27 39.1 77.9 
773 SH+BST 629 3.00 0.24 39.2 83.5 
515 SH+BST 725 2. 95 0.17 39.7 95.9 

Trea tment s :  SH=co rra l  w i th  on ly  shade  and  w i thout  b s t  in j e c t i on ;  SH+ B ST =corra l  w i th  on ly  shade  an d  

b s t  in j ec t i on ;  KK=corra l  w i th  shade  and  korra l  koo l  sy s t em and  w i thout  bST in j ec t i on ;  KK+BST=corra l  

w i th  shade  and  korra l  ko o l  sy s t em and  bST in j ec t i on .  



Appendix. Table H. Lactational performance of individual cows. (Exp. 3) 
(Continued). 

Cow # TRT*^ BW BCS NEFA Rectal Temp. Resp. Rate 

kg 1-5 mEq/1 °C breaths/min. 

703 KK 669 3.05 0. 13 38.5 63.3 
572 KK 664 3.25 0.16 38.5 72.1 
2693 KK 639 3.05 0.17 38.9 73.3 
491 KK 681 3.00 0.13 38.5 61.8 
543 KK 724 2.95 0.12 38.9 67.9 
774 KK 681 3.35 0.15 38.6 62.8 
792 KK 605 3.15 0.12 38.9 71.5 
714 KK 710 3.65 0.23 39.0 63.5 
521 KK+BST 676 2.85 0.17 38.9 65.5 
700 KK+BST 601 2. 90 0.18 38.5 62.9 
692 KK+BST 691 3.10 0.21 39.0 68.7 
1347 KK+BST 701 2 .90 0.18 38 . 6 65. 4 
765 KK+BST 560 3.00 0.19 39.1 71.9 
569 KK+BST 707 3.45 0.24 38.6 58.8 
4 67 KK+BST 755 3.15 0.32 38.7 56.1 
1333 KK+BST 824 3.30 0.25 39.1 73.1 

^  Trea tment s :SH=corra l  w i th  on ly  shade  and  w i thout  b s t  in j ec t i on ;  SH+BST=corra l  w i th  o n ly  shade  and  

b s t  in j ec t i on ;  KK=corra l  w i th  shade  and  korra l  koo l  sy s t em and  w i thout  bST in j ec t i on ;  K K +B ST=corra l  

w i th  s ha de  a nd  korra l  ko o l  sy s t em and  bST in j ec t i on .  
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