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ABSTRACT 

Eighty lactating Holstein cows were randomly assigned to one of 

two treatments: Placebo(C) or 500 mg recombinant methionyl bovine 

somatotropin (BST). Cows were intramuscularly injected with C or BST 

every 14 d for 36 wk beginning 60 d postpartum. Factors analyzed for 

differences in milk yield response to BST included: production level, 

genetic potential, stage of lactation, and heat stress. 

Response of low producing cows to BST was numerically greater 

than that of medium or high producers (averaging 27%, 13%, and 20%, 

respectively, above controls). However, there was not a significant 

interaction between BST treatment and production group. Cows of a 

lower genetic potential exhibited a greater response to BST than cows 

of a higher potential, but the treatment x genetic potential 

interaction was not significant. Response of cows to BST in mid to 

late lactation was slightly greater than in cows in early lactation 

(13.7% and 15.1% vs. 9.6%, respectively) but no significant interaction 

was noted. No difference in response was noticed during periods of 

high ambient temperature. 
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CHAPTER 1 

INTRODUCTION 

Increased milk yield in response to exogenous administration of 

recombinant bovine somatotropin (BST) has been well documented ( Bauman 

et. al., 1988; Eppard et. al., 1987; Solderholm et. al., 1988). This 

galactopoietic effect of treatment by somatotropin probably is due to 

an alteration in the partitioning of nutrients towards the mammary 

gland, with an enhanced ability of the mammary gland to synthesize milk 

(Machlin, 1973). 

The recent advances in DNA technology have made it possible to 

produce large quantities of BST for use in long-term studies. rBST has 

been shown to possess equivalent (Bauman et al., 1982), if not greater 

(Bauman et al., 1985), biological activity than purified pituitary 

extracts of somatotropin. 

Daily injections of BST have been shown effective in 

increasing milk yield in dairy cows in many different situations and 

experimental designs (Bauman et al., 1988; Eppard et al., 1987; 

Soderholm et al., 1988). Composition of milk fat, lactose, and protein 

were not affected by BST treatment in these studies. 

Recent progress in the development of a sustained release 

formulation has provided effective levels of BST for up to 14 d 

following injection. This would t,llow for more feasible use by the 
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dairy producer to benefit from BST's effects while lessening the labor 

required for daily administration. 

Even though the efficacy of BST has been well established, 

inquiry into factors affecting the response to BST is needed. This 

study measures the effect of the following factors on response to BST 

in lactating dairy cows: 1) Production level; 2) Genetic potential; 

3) Heat stress; and 4) Days in milk. 
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CHAPTER 2 

LITERATURE REVIEW 

Genera] Review 

In the early 1930's it was reported that injections of crude 

pituitary extracts increased growth in young animals (Evans and 

Simpson, 1931) and milk production in lactating animals (Asdell, 1932). 

Asimov and Krouze (1937) reported that injections of crude pituitary 

extracts containing somatotropin (ST) increased milk production. The 

term growth hormone arose from the original assay which was based on 

growth promotion. When it was realized that "growth hormone" had many 

actions other than growth promotion, its name was changed to 

somatotropin. 

Observations during this early period led to the general view 

that ST enhanced milk production in ruminants (Asimov and Krouze, 1937; 

Cotes et al., 1949; Chung et al., 1953). Hormone preparations used 

during this period were not pure and little was known of species 

specificity. 

Experiments critical in establishing the essentiality of ST for 

lactation in ruminants were done by Cowie et al. (1964). Using 

hypophysectomized, lactating goats, they found ST essential for the 

maintenance of lactation. 

Increased milk yield in response to exogenous administration of 

ST to dairy cattle has been studied vigorously in the last ten years. 
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The galactopoietic effect of ST is probably due to an alteration in 

partitioning of nutrients towards the mammary gland, as well as an 

enhanced ability of the mammary gland to synthesize milk (Machlin, 

1973). 

Relatively short term studies using highly purified pituitary-

derived ST showed daily injections increased milk yield with no change 

or slight reductions in feed intake (Peel et al., 1981; Peel et al., 

1983). Peel et al. (1985) also showed an 18% increase in milk 

production due to ST injection of five pairs of identical twins. 

Because of difficulty in obtaining adequate quaunities of 

exogenous ST, commercial application of the technology was not 

feasible. However, recent advances in recombinant-DNA technology have 

provided an opportunity for production of large amounts of recombinant 

bovine ST (rBST). 

Bauman et al. (1985) compared three doses of rBST, one dosage 

of ST, and a control treatment in a 188 d study. They found that rBST 

improved lactational performance with greater efficiency than pituitary 

extracts of ST. Cows on rBST produced 24 to 41% more milk than 

controls and tended to have greater feed intakes as dosage and milk 

production increased. Milk fat, protein and lactose were not affected 

by treatment. 

In more recent studies, Soderholm et al. (1988) compared three 

doses of rBST and a control in a 38 wk trial. They found daily 

injections of rBST increased fat-corrected milk yields 12 to 25%. Cows 

receiving rBST consumed 4 to 10% more feed and were 11 to 17% more 

efficient in conversion of feed to milk than controls. 
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Bauman et al. (1988) compared the treatment of 500 mg of a 

prolonged release formulation of n-methionyl BST to an excipient at 

14-d intervals starting 60 + 3 d postpartum. Treatment continued for 

36 wk. Treatment with somatotropin increased fat- corrected milk 

yields 11.4% (3.1 kg/d). No differences in milk composition were 

observed. 

Effect of Production Level and Genetic Potential 
on Response to Somatotropin 

Treatment with BST appears to increase milk production 

regardless of genotype (production potential based on genetics) or 

phenotype (actual production level) of cows. What is not clear is 

whether there is a difference in the magnitude of response between cows 

of different genetic and phenotypic makeups. 

Leitch et al. (1987) compared responses to somatotropin of 

different genotypic and phenotypic production groups. Genotype was not 

a significant factor in explaining the response to treatment, with cows 

responding similarly independent of genetic potential. However, 

production level (phenotype) was significant in explaining variation in 

response to treatment, with lower producing cows responding more to BST 

than the higher producers. 

Sullivan et al. (1988) demonstrated that cows averaging 27 kg/d 

during pre-treatment (39-59 d postpartum) increased slightly more in 

milk yields when injected biweekly with 500 mg BST than cows averaging 

39 kg/d during pretreatment (6.3 vs. 4.8 kg/d). Percent increase was 

even greater for the lower producers, but interaction between response 

to BST and production level was not significant. One explanation for 
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this difference is that cows with high milk yields or estimated 

transmitting abilities (ETA) have higher circulating endogenous BST 

(Bonczek et al. 1986) If this is generally true, then cows with lower 

yield or ETA for production might be expected to respond more 

dramatically to exogenous BST. 

Hart et al. (1980) suggested that cows of lower production 

potential have a lower distribution space for BST, compared to higher 

producing cows, therefore allowing exogenous BST to exert a more 

positive effect on lower producing cows. 

Nytes et al. (1988) looked at the effect of genetic potential 

on response to treatment of BST. They injected varying amounts of BST 

in 39 cows of different genetic groups based on cow indices. Means of 

the low and high groups were 183 and 288, respectively. They found no 

treatment by genetic group interaction, suggesting that lactation 

response to BST does not differ between genetic groups. 

Effect of Stage of Lactation on Response to Somatotropin 

There have been few studies which examined the response to BST 

at different stages of lactation. In an early study, Brumby and 

Hancock (1955) used three sets of identical twins to test the response 

to BST during early and late lactation and found similar increases in 

milk production during both periods. Peel et al. (1983) compared milk 

yields of cows injected with BST at 12 and 35 wk of lactation. 

Treatment increased milk and milk energy yields by similar quantities 

during both periods, although the percentage increase was greater 

during late lactation. 
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Bines and Hart (1982) reported that BST injection did not 

increase milk yields at 5 wk postpartum, but increases were substantial 

when given 5-6 months postpartum. They postulated that BST injections 

were not effective in increasing milk yields when endogenous BST was 

high, as in early lactation. It was reported later that treatment with 

BST at 5 wk postpartum did enhance milk yields (McDowell et a!., 1983). 

The lower response during early lactation may be due to energy 

balance of cows. Richard et al. (1985) administered BST for two 10-d 

periods to eight cows, starting at 20 d postpartum and 60 d postpartum. 

Cows treated at 20 d increased milk yield by 6.1%, while cows treated 

at 60 d increased by 11.8%. However, milk energy secretion was 

improved similarly at both times, because of the increased fat content 

of the milk at 20 d. They hypothesized that when cows are in a 

negative energy balance, response to BST is limited by supply of 

lactose precursors, and not overall supply of energy. 

Several long-term studies have started BST treatment at 30- 40 

d postpartum and several at 60-84 d postpartum. At 30-40 d, most cows 

would be in negative net energy balance, whereas most cows would be in 

positive balance after 60 d. 

When daily injections commenced at 84 d postpartum, and 

continued the entire lactation, Bauman et al. (1985) reported that 

yields of 3.5% fat-corrected milk, for the remainder of the lactation, 

increased 23, 36 and 41% for BST treatments of 13.5, 27.0 and 40.5 

mg/d, respectively. There was no effect on health or reproductive 

parameters measured in this study. 
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In addition, Hutchinson et al. (1986) reported cows injected 

with somatotropin, starting at 84 d postpartum, increased milk yields 

when 13.5 or 27.0 mg/d BST was given compared to cows receiving placebo 

with no effect on reproductive efficiency. 

In complete lactation studies where daily injections of BST 

commenced at 28-35 d postpartum, milk yieid response were similar to 

studies starting at 84 d; however, decreased reproductive efficiency 

•was reported. Thomas et al. (1987) and Burton et al. (1987) showed that 

milk yields were improved with cows injected with BST at 35 d 

postpartum. However, days open and days to conception were increased 

with BST treatment. 

Chalupa et al. (1987) showed that cows receiving 12.5, 25.0 and 

50.0 mg BST/d, at 28 d postpartum, produced 3.3, 4.4 and 5.4 kg/d more 

3.5% fat- corrected milk, respectively, that did controls. However, 

number of cows conceiving was greatly reduced at the 50.0 mg/d, but not 

at 12.5 or 25.0 mg/d. Prolonging the negative energy balance of cows 

already in negative balance might be an explanation for decreased 

reproductive performance in cows receiving high doses of BST. 

Effect of Heat Stress on Response to Somatotropin 

Thermal stress results in increased energy maintenance 

requirements, reduced growth rates,lower milk yields and reproductive 

performance and large economic losses to producers of intensively 

managed livestock. Especially susceptible areas include southern and 

southwestern United States, the tropical and sub-tropical climates of 



15 

the world, or wherever high environmental temperatures cause heat 

stress in domestic livestock. 

Physiological responses by animals to heat stress are often 

strategies aimed at maintaining body core temperature. Feed intake is 

reduced, thus reducing the amount of nutrients and energy received 

unless their ration density is increased. Respiration rates and water 

consumption are increased, leading to a concommitant reduction in feed 

dry matter intake (Roman-Ponce et al., 1977). Other associated effects 

of decreased dry matter consumption are: reduced gut motility, reduced 

rumination, reduced rumen contractions, slower rate of passage, and 

decreased appetite (Appelman et al., 1958; Collier et al., 1981). 

Rectal temperatures, used to assess thermal stress, are also increased 

in heat-stressed cattle (Fuquay et al., 1979). 

Johnson (1986) found the upper critical temperature for milk 

production for Holsteins to be 21°C and slightly higher (24°C) for 

Jersey and Brown Swiss. Severity of the decline in milk production 

where cows are above the upper critical temperature is dependent on the 

humidity, which inhibits evaporative losses. High humidity further 

increases body temperature, and inhibits feed intake, the main reason 

for lower milk yields (Johnson, 1980). 

Heat stress of the BST-treated animal has been a major concern. 

Kronfeld (1987) indicated that BST-treated cows produce more heat which 

implicates that heat stress maybe a greater problem with cows receiving 

BST. This increase in heat production is probably due to the energy 

requirement for the increased milk production (Tyrrell et al., 1982). 
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Many short- and long-term studies have been conducted to 

examine milk production of BST-treated animals in hot environments. 

Staples and Head (1987) showed an 8.5% increase in milk yields with 

cows injected with BST during heat stress. Mohammed and Johnson (1985) 

found that administration of BST during heat stress increased milk 

production by an average of 8% over the heat-induced decline in milk 

yield of control cows. Elvinger et al. (1987) noted a 5.4 kg/d 

increase in milk production in cows receiving 12.5 mg/d BST 

during a heat stress period. In contrast, Missouri workers (Mollet. et 

al., 1986) reported that cows did not respond to BST treatments in a 

trial conducted during high ambient temperatures. They speculated that 

high temperatures and humidity and reduction in feed intake, negated 

response to treatment. 

Even though heat production was increased more in BST-treated 

than control cows, heat losses were also greater (Manalu et al., 1988) 

through respiration and skin vaporization. Despite greater heat 

production due to BST, the net effect was no change in rectal 

temperatures. From these data, (Manalu et al., 1988), it appears that 

although BST-treated cows produced more heat during thermal stress 

periods, they were more efficient in dissipating that heat. Hence, 

feed intake was increased compared to controls and the increase in milk 

production is similar to those shown during thermal neutral periods. 

Summary of Literature Review 

Exogenous BST has been shown to increase milk yield in all 

stages of lactation, during heat stress, and within cows of different 



genotypic and phenotypic makeups. Although there have been a few 

contradictions to these findings, BST treatment shows a galactopoietic 

effect in almost all studies that have been conducted. 

However, response magnitude may differ depending on different 

factors. Cows in late lactation have shown slight decreases in 

response in some studies. And cows starting treatment early in 

lactation, when energy balance is lowest, have shown some decreased 

reproductive efficiency. 

Most research has shown BST to be as effective, if not more, 

during heat stress periods. Even though cows treated with BST produced 

more heat, they were better able to dissipate heat. 

Effect of phenotype and genotype on efficacy of BST is not 

clear. In some cases, lower producing cows responded more 

to BST treatments than higher producers. Although genetic potential 

seems unrelated to response to BST, much research is still needed to 

determine factors affecting response to BST. The objective of this 

research was to address certain factors which may affect said response. 
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CHAPTER 3 

EFFECT OF PRODUCTION LEVEL AND GENETIC POTENTIAL, 
STAGE OF LACTATION AND HEAT STRESS 
ON RESPONSE OF DAIRY COWS TO BST 

Summary 

Cows at the Dairy Research^Center of the University of Arizona 

were used to evaluate the effect of production level, genetic 

potential, stage of lactation, and heat stress on response to BST. 

Parameters studied were actual milk production and 3.5% FCM. Cows were 

injected every 14 d with either 500 mg BST suspended in sesame oil or a 

similar volume of excipient (placebo). 

Injections were started 60 d postpartum, and continued the 

entire lactation. Milk yields during 21 d pre-treatment (39-60 days 

postpartum) were used to assign cows to three production groups. The 

high, medium, and low groups averaged 39, 32, and 27 kg milk/d 

respectively, during pre-treatment. The treatment was also divided 

into 3 periods of 12 weeks each (Periods 1, 2, and 3). For period 1, 

milk yields for all production groups of treated cows were higher than 

control cows (Pc.OOl), with low producers showing the greatest 

treatment increase. High and low groups increased more than their 

control counterparts, in period 2 than period 1 (Pc.OOl). Milk 

persistency and 3.5% FCM followed a similar trend. Although there was 

a trend for low cows to have greater response in milk yield, compared 

to medium and high cows, differences were not significant (P>.10). 
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There was also a trend towards greater percent increases in milk yields 

due to BST treatment in later compared to earlier lactation. Cows of 

lower genetic potential (Cow Index <-23, or sire's PD for milk <90) 

responded numerically higher to BST treatment than cows of higher 

genetic potential (Cow Index >-23, or sire's PD for milk >90), although 

there was no significant treatment x genetic potential interaction. 

There was also a trend for increased response to BST treatment towards 

the end of lactation. Treated cows exibited higher rectal temperatures 

during the summer months (P<.05), but response in milk production to 

treatment was slightly greater during periods of high ambient 

temperatures compared to more moderate temperatures. 

Introduction 

Exogenous bovine somatotropin (BST) has significantly increased 

milk yields in dairy cows in practically all studies reported, which 

included many experimental designs as well as different climatic and 

enviromental situations. In addition, no effect of BST on milk 

composition (fat, lactose or protein) has been observed (Bauman et al., 

1988; Eppard et al., 1987; Soderholm et al., 1988; Chalupa et al., 

1987). 

But there is little data on specific factors which may affect 

response of cows to exogenous BST. Some studies suggest that cows of 

lower production potential respond more to BST than cows of a higher 

production potential (Leitch et al., 1987; Sullivan et al., 1988). 

Treatment with BST increases milk production at all stages of lactation 

(Bauman et al., 1985; Peel et al., 1983), and some research suggests 
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that BST is as effective during periods of high compared to moderate 

ambient temperatures (Mohammed and Johnson, 1985; Staples and Head, 

1987). 

The objective of this study was to investigate certain factors 

which might affect response to BST, such as stage of lactation, 

production level, genetic potential and heat stress. 

Materials & Methods 

Eighty Holstein cows (18 in first, 32 in second and 30 in third 

lactation) with known histories (no animal previously treated with BST) 

which ;alved between November 1985 and April 1986 at the University of 

Arizona Dairy Research Center were used for this study. Cows were 

housed in open dirt-lot pens (10 x 38 m) equipped with Calan gates 

(American Calan, Inc., Northwood, NH). Each of twelve cows in a pen 

was equipped with a transponder around the neck allowing access to 

individual feed gates. Pens were equipped with coolers, which provided 

a fine mist of water injected into the air from fans mounted on shade 

roofs (Korral Kool, Mesa, AZ). Curtains were attached to shades to 

allow more effective cooling by the humid mist. Coolers and curtains 

operated automatically when ambient temperature reached 30°C or 

greater. Average reduction in temperature under coolers compared to 

ambient temperature varied between 5° and 8°C. 

Approximately 14 d prior to calving, cows were fed a precalving 

diet formulated to meet or exceed nutritional requirements (NRC, 1978). 

After calving, cows were fed 2-7 kg of long alfalfa hay and one of 

three mixed diets (Table 1) of varying nutrient content. 
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Ingredient 
Alfalfa Hay 
Alfalfa Cubes 
Cottonseed Hulls 
Whole Cottonseed 
Concentrate2 

Diet* 
i 2 3 

% of DM 

14 
21 28 35 
4 7 9 
15 15 9 
46 50 47 

Nutrients 
Crude Protein 16.5 16.7 16.0 
ADF 30.2 28.6 29.3 
NDF 40.7 , 44.0 „ 44.3 , 
NE] (Mcal/kg) 1.713 1.683 1.603 

1 Diet 1 fed to cows from 0 to 90 d postpartum and when producing more 
than 31.8 kg milk/d. Diet 2 fed to cows producing between 22.7 and 
31.8 kg milk/d. Diet 3 fed to cows producing below 22.7 kg milk/d. 

2 Commercial dairy concentrate (Min. 14% CP, min. 1.65 Meal NE]/kg). 
3 The net energy values were calculated from the individual ingredient 

values. 
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Diets were fed ad libitum to obtain at least 5% refusal. All 

cows were offered the mixed rations at 0600 and 1600 h. The high 

energy diet (Table 1) was offered for 90 d postpartum after which lower 

energy diets were fed based on milk production and body condition. Cows 

_were switched to a medium energy diet when milk production was less 

than 31.8 kg/day and to a low energy diet if production was below 22.7 

kg/day. Cows that were under or overconditioned for stage of lactation 

were shifted to the lower energy diet later or earlier, respectively, 

than indicated, by milk production level. 

At 60 ± 3 d postpartum, half of the cows within two lactation 

groups (primiparous and multiparous) were randomly assigned to one of 

two treatments. Cows were injected intramuscularly with 1.3 ml of a 

prolonged release formulation containing 500 mg of zinc methionyl BST 

or an excipient (placebo) suspension. Treatments were given at 14-d 

intervals (injection cycle) in one of four alternating sites (upper or 

lower, right or left thigh muscle). Cows were dried off due to low 

milk production (<10 kg/day) or in preparation for next calving (< 71 d 

from expected calving date) after 25 injection cycles. 

Cows were milked and milk yields were recorded twice daily 

(0500 and 1700 h). Milk samples were composited weekly from two 

consecutive mil kings and analyzed by Arizona DHIA Laboratory (Phoenix, 

AZ) for butterfat, lactose, protein, and total solids by infrared 

analysis. Milk yields were standardized to 3.5% fat-corrected milk 

(FCM) using the following equation: (FCM =. .43237 x milk weight + 

16.218 x fat weight). 
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Feed allocation and refusals were recorded daily. Feed 

ingredients were sampled weekly, composited monthly and composites were 

analyzed for specific nutrients by Livestock Nutrition Laboratory 

Services, Columbia, MO. 

After calving, cows were weighed weekly, and body condition 

scores were determined biweekly according to the method of Wildman et 

al. (1982). 

Rectal temperatures were measured biweekly during summer months 

(June, July, August, September). Ambient temperatures were obtained 

daily from the Arizona Meteorological Network (AZMET), a service of the 

University of Arizona Cooperative Extension Service, from a weather 

station located approximately 1.5 km from the Dairy Research Center. 

In the first set of analyses, multiparous cows (n=62) were 

divided across treatments, on the basis of 3-wk pretreatment FCM, into 

high, medium and low production groups, averaging 39.0, 32.0 and 27.0 

kg/d, respectively. The treatment period was divided into three 

treatment periods, 0-12, 13-24, and 25-36 wk after the start of 

treatment. Statistical analyses were performed using the Statistical 

Analysis System (SAS) using pretreatment milk production as a 

covariate. Milk yield for the three periods was the dependent variable 

and production group and treatment were used as the independent 

variables according to the following model: 

Model 1: YjJk - p • T, • Gj • TG.j • - X) + e,Jk 

where = actual and fat-corrected milk yield for the three 

treatment periods; n - overall mean; = effect of the ith treatment; 

1 = placebo; 2 = 500 mg BST; Gj = effect of the jth production group; 
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TG^j = treatment x production group interaction; ^1(xijk " = 

covariate term to adjust for pretreatment milk production; and e^ = 

random error. 

Least significant difference (LSD) was used to separate least 

square means. 

The seasonal response to BST was determined by grouping milk 

production according to separate months (from April to September) and 

comparing differences between treatments. 

In the second set of analyses, genetic factors were analyzed 

for difference in response to BST. Independent variables were 

treatment (placebo or 500 mg BST), and individual cow index (CI < -23 

kg or CI > -23 kg) or sire's predicted difference for milk (PD < 90 kg 

or PD > 90 kg). The dependent variables were actual and 3.5% fat-

corrected milk for the three treatment periods (0-12, 13-24, 25-30 wk). 

Pretreatment milk production was used as the covariate. Statistical 

analyses were conducted according to the Statistical Analysis System 

(SAS) using the following two models: 

Mode! 2: Yjjk = „ • Tj + Clj • TCI,., • ̂(xjJk - X) • e,jk 

where = actual and fat-corrected milk for the three treatment 

periods; /i = overall mean; Tj = effect of the ith treatment; Clj = 

effect of the cow index group; TCI.. = treatment x CI interaction; 
' J 

/9l(xijk - X) = covariate term to adjust for pretreatment milk 

production; and e.^ = random error. 

Model 3: Y.Jk - „ + Tl + PDj + TPD.. + ̂ l(x.jk - X) + e.jk 

where Y^ = actual and fat-corrected milk for the three treatment 

periods; p = overall mean; Tj = effect of the ith treatment; PDj = 
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effect of the jth PD group; TPD.i • treatment x PD group interaction; • J 
(X1jk " = covariate term to adjust for pretreatment milk 

production; and e^ = random error. 

Least significant difference (LSD) was used to separate least 

square means. 

Results and Discussion 

Nutrient composition of diets (Table 1) showed little 

difference in CP and ADF, but NDF was higher and NE-j lower in diets 2 

and 3 than diet 1. 

The effect of BST on actual milk production of cows at the 

three different production levels is shown in Table 2. Because of lack 

of response, primiparous cows are not included in these results. For 

period 1, actual milk yields of high, medium, and low groups for 

treated cows were 3.5, 2.7, and 5.5 kg/d higher, respectively, than 

their control counterparts (Pc.001). However, there was no treatment x 

production group interaction (P>.05), but response of the low group was 

numerically highest. High and low cows showed an even greater 

treatment effect in period 2, outperforming controls by 6.0 and 7.5 

kg/d (P<.001). Milk yield response of medium cows was (2.1 kg/d), 

similar to period 1. Again there was no treatment x production group 

interaction (P>.05). However, low cows again showed a trend towards a 

greater response. 

For period 3, response to BST was slightly reduced, with high 

and low cows producing 4.4 kg/d more than controls (P<.001), and medium 

treated cows showing little response. 
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Table 2. Effect of BST on Milk Production of Cows at Different 
1 2 Production Levels ' 

Period Rank Difference % Difference T3 T*R4 
(kg/d) -P< 

Period 1 
(0-12 wk) Low 5.50 16.6 .0001 .18 (0-12 wk) 

Med 2.70 7.9 
High 3.50 10.4 

Period 2 
(13-24 wk) Low 7.50 31.5 .0001 .17 (13-24 wk) 

Med 2.10 7.7 
High 6.00 23.2 

Period 3 
(25-36 wk) Low 4.40 31.4 .04 .20 (25-36 wk) 

Med -0.50 -2.8 
High 4.40 24.8 

1 Data from 62 multiparous cows injected with 0 vs. 500 mg BST at 14-d 
intervals after 60 d postpartum. Low, medium, and high pretreatment 
yields averaged 27, 32 and 39 kg/d with 20, 20, and 22 cows, 
respectively, with equal number of control and treated cows within 
each production level x treatment group. Difference is least square 
mean value for BST cows minus control cows. 

2 Pretreatment milk yield was used as a covariate. Analyses were 
performed according to model 1. 

3 Significance level for treatment effect. 
4 Significance level for treatment x rank interaction. 
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Table 3 shows the effect of BST on 3.5% FCM of cows of 

different production levels. Response by 3.5% FCM followed a trend 

similar to actual milk production with treated cows always 

outperforming controls (Pc.001). However, during period 1, medium cows 

had a greater response in 3.5% FCM than in actual milk yield (17.2% vs 

7.9%). Again, low cows showed a slightly greater response. 

Effect of BST on milk production of cows of different genetic 

potentials is summarized in Tables 4 and 5. Sire's predicted 

difference for milk (PD) was used as a factor to analyze for difference 

in response. Cows (44 multiparous, 18 primiparous) were divided into 

PD's less than +90 and more than +90. Comparison of all cows with PD's 

over +90 to those under +90 showed a difference in milk production of 

1.3 kg/d (P<.05) for period 1, but there were no differences due to PD 

in periods 2 or 3. The PD did not significantly affect response of 

cows to BST. Hence, cows with the lower genetic potential (PD < +90) 

responded the same as the cows with the higher genetic potential (PD > 

+90). The treatment effect was significant for periods 1 and 2, but 

not for period 3, because of the decreased response of primiparous 

cows. Table 5 shows the effect of BST on milk production of cows of 

different individual cow indexes. Cows (44 multiparous, 18 

primiparous) were divided into two groups based on individual cow index 

(CI), high CI group, greater than -23, and a low CI group, less than 

-23. Comparison of all cows with CI's greater than -23 (control and 

treated), showed significantly higher milk yields for all three periods 

(P<.05), when compared to all cows with CI's less than -23. CI did not 

significantly affect response of cows to BST. Although there was 
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Table 3. Effect of BST on 3.5% FCM of Cows at Different Production 

Levels*'^ 

Period Rank Difference % Difference T3 T*R4 
(kg/d) P< 

Period 1 
(0-12 wk) Low 4.70 14.0 .0001 .52 (0-12 wk) 

Med 5.50 17.2 
High 3.20 10.1 

Period 2 
(13-24 wk) Low 6.60 25.3 .0002 .49 (13-24 wk) 

Med 3.20 12.0 
High 4.40 18.9 

Period 3 
(25-36 wk) Low 5.80 43.3 .0001 .44 (25-36 wk) 

Med 0.40 2.5 
High 4.10 31.5 

1 Data from 62 multiparous cows injected with 0 vs. 500 mg BST at 14-d 
intervals after 60 d postpartum. Low, medium, and high pretreatment 
yields averaged 27, 32 and 39 kg/d with 20, 20, and 22 cows, 
respectively, with equal number of control and treated cows within 
each production level x treatment group. Difference is least square 
mean value for BST cows minus control cows. 

2 Pretreatment milk yield was used as a covariate. Analyses were 
performed according to model 1. 

3 Significance level for treatment effect. 
4 Significance level for treatment x rank interaction. 
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Table 4. Effect of BST on Milk Production of Cows at Different Levels 

of Genetic Potential*'^'^ 

PD< +90 PD> +90 
BST Control Diff. BST Control Diff. 

Period (kg milk/d) 

Period 1 
(0-12 wk) 36.4a 32.7b 3.7 37.8a 33.9b 3.9 

Period 2 
(13-24 wk) 30.8a 26.lb 4.7 29.9a 26.lb 3.8 

Period 3 
(25-30 wk) 21.2 18.8 2.4 17.9 18.5 -.6 

a h • 
' Means within the same row with different superscripts differ 
. (P<.05). 
* BST=500 mg BST every 14 d. 
' PD's (sire's predicted difference for milk) for 62 cows ranged from-

1300 to +1350. 
3 Comparison of all cows with PD's over +90 (25; 13 control, 12 BST) to 

those under +90 (37; 16 control, 21 BST) showed a difference in milk 
production (1.3 kg/d, P<.05) for period 1, but no difference for 
periods 2 or 3. 

4 Pretreatment milk production was used as a covariate. Analyses were 
performed according to model 3. 
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Table 5. Effect of BST on Milk Production of Cows of Different Cow 

Indices1'2,3'4 

Cow Index < -23 Cow Index > -23 

BST Control Response 
--kg/d 

BST Control 
kg/d---— 

Response 

Period 1 
(0-12 wks) 35.0a 32.lb 2.9 (9.0%) 38.3C 35.9a 2. .4 (6.7%) 

Period 2 
(13-24 wks) 28.0a 23.9b 4.1 (17.2%) 32.3C 30.2a 2. ,1 (7.0%) 

Period 3 
(25-30 wks) 18.0ab 16.0a 2.0 (12.5%) 21.5b 22.2b -•0. 7 (-3.2%) 

a'b'c Means within the same row with different superscripts differ 
, (P<.05). 
* BST = 500 mg BST every 14 d. 
\ Cow indices for 62 cows ranged from -455 to + 475 kg. 
3 Comparison of all cows with CI > -23 (32; 13 control, 19 BST) to all 

cows with CI < -23 (30; 16 control, 14 BST) showed higher milk yields 
for all periods (P<.05). 

4 Pretreatment milk production was used as a covariate. Analyses were 
performed according to model 2. 
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not a significant treatment x CI interaction, a trend towards greater 

response with the low CI cows was noticed. The effect of BST on 3.5% 

FCM of cows of different CI's is shown in Table 6. FCM followed a 

similar trend as actual milk production, in that there was no 

significant treatment x CI interaction. But again, a numerically 

greater response with the lower CI cows was noted. As with sire's PD, 

the treatment effect was significant for periods 1 and 2, for both milk 

and 3.5% FCM, but not in period 3. Lack of response by primiparous 

cows during period 3 was the reason for the lack of significant 

difference. 

Table 7 shows the effect of stage of lactation on response to 

BST. BST-treated cows had significantly higher milk yields in all 

periods (Pc.Ol). There was not a significant treatment x stage of 

lactation interaction. However, cows in mid to late lactation (150-270 

days in milk) tended to respond more than during early lactation. 

Possibly cows in later lactation are in a more positive energy balance 

than cows in early lactation, allowing for a greater repartitioning of 

nutrients towards milk synthesis. 

Table 8 shows the influence of BST on rectal temperatures of 

cows during the summer. On four different dates during the latter 

months of summer (July 18, August 11, August 26 and September 9), BST-

treated cows had significantly higher rectal temperatures than controls 

(P<.025). Rectal temperatures for BST cows were from 0.25°C to 0.35°C 

higher than controls. However, milk yield responses to BST seemed 

unaffected during this period of high ambient temperatures. Table 9 

illustrates the FCM response to BST, during six different months of the 

trial (March, April, May, June, July and August). Maximum ambient 
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Table 6. Effect of BST on 3.5% FCM on Cows of Different Cow 
12 3 4 Indices ''' 

Cow Index < -23 Cow Index > -23 

BST Control 
--kg/d---

Response BST Control 
kg/d— — 

Response 

Period 1 
(0-12 wks) 34.6a 30.6b 4.0 (13.1%) 36.9C 33.5a 3. ,4 (10.1%) 

Period 2 
(13-24 wks) 27.2a 23.9b 3.3 (13.8%) 30.8C 28.8a 2. ,0 (6.9%) 

Period 3 
(25-30 wks) 18.5ab 17.la 1.4 (8.2%) 21.3b 22.8b -•1. 5 (-6.6%) 

a'k'c Means within the same row with different superscripts differ 
(P<.05). 

1 BST = 500 mg BST every 14 d. 
2 Cow indices for 62 cows ranged from -455 to + 475 kg. 
3 Comparison of all cows with CI > -23 (32; 13 control, 19 BST) to all 
cows with CI < -23 (30; 16 control, 14 BST) showed higher milk yields 
for all periods (P<-05). 

4 Pretreatment milk production was used as a covariate. Analyses were 
performed according to model 2. 
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Table 7. Effect of BST on Milk Production by Treatment Period^ 

BST Control Response 

kg/d % 

Period 1 
(0-12 wks) 37.6a 34.0b 3.6 10.6 

Period 2 
(13-24 wks) 31.la 26.4b 4.7 17.8 

Period 3 
(25-30 wks) 19.7a 17.0b 2.7 15.9 

a'b'c Means within the same row with different superscripts differ 
(P<.01). 

1 Data from 62 multiparous cows (31 controls, 31 BST) injected with 0 
vs. 500 mg BST at 14-d intervals after 60 d postpartum. 
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Table 8. Influence of BST on Rectal Temperatures of Cows During 

Summer1'2'3 

Date Ambient temperature Control BST P< 
°c °C °C 

6/4 36.2 38.59 38.51 .30 
6/19 38.7 38.64 38.60 .30 
7/2 35.2 39.01 39.14 .15 
7/18 37.6 38.80 39.09 .0005 
7/29 38.8 38.73 38.84 .20 
8/11 34.6 38.77 39.02 .025 
8/26 30.5 38.81 39.09 .005 
9/9 33.6 38.77 39.12 .025 
9/24 23.3 38.34 38.42 .25 

J Ambient temperature is maximum temperature for that date. 
2 BST temperature average for 40 cows injected with 500 mg BST every 14 
d. Control temperature average for 40 cows not receiving BST. 

3 Dates are during 1986 in Tucson, AZ. 
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Table 9. Effect of BST on 3.5% FCM During Moderate and Hot 
12 3 4 Temperatures ' ' ' 

March ADMI Mav June Jul V Auaust 
BST (kg) 37.7 35.8 36.1 33.7 31.2 28.0 
Control (kg) 33.5 31.6 30.8 28.6 26.0 23.5 
n cows 54 66 75 80 80 80 

Diff. (kg) 
% 

4.2 4.2 5.3 5.1 5.2 4.5 Diff. (kg) 
% 11.1 11.7 14.7 15.1 16.7 16.0 

Ave. Amb. Temp. (°C) 22.4 28.4 32.5 37.2 35.5 35.9 

1 BST « 500 mg BST at 14-d intervals. 
2 Diff. = difference in mean value for BST cows minus control cows. 
| Months are during 1986 in Tucson, AZ. 

4 Ave. Amb. Temp. = Average maximum ambient temperature for that month. 
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temperatures ranged from 22.4°C (March) to 36.9'C (August). Response 

to BST was not different during the summer months of June, July and 

August, compared to the more moderate months of March, April and May. 

However, percentage increase during the hotter months was numerically 

higher. Percentage increases were higher during the hotter months 

because milk yields were decreased due to hot weather and advancing 

1actation. 
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CHAPTER 4 

SUMMARY & DISCUSSION 

Increases in milk yields from BST injections in dairy cows have 

been reported from 8-40%. However, little is known concerning the 

different factors which may affect this response, either positively or 

negatively. 

In our study, cows of a lower production level (phenotypic 

makeup) responded slightly more to BST than cows at a higher production 

level. One possible explanation is that lower producing cows have 

naturally lower endogenous levels of somatotropin, and a smaller 

distribution space for BST, than higher producers. (Bonczek et. al., 

1986; Hart et. al., 1980). Hence, ' exogenous BST exerts a greater 

galactopoetic effect on lower producers. 

Genetic potential appears to follow the same trend, in that 

cows of a lower genetic potential for milk production respond slightly 

more to BST than cows of higher genetic potential. Individual cow 

indices appeared" more accurate in determining genetic potential of cows 

than the sire's predicted difference for milk. 

Response to BST was the smallest, although still significant, 

during early lactation. Percent response was greatest during mid- to 

late lactation. Cows in early lactation normally have higher 

concentrations of endogenous somatotropin than those in mid to late 

lactation (Bines and Hart, 1982). This difference has been 
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hypothesized as to why cows in early lactation respond less to BST than 

those in mid to late lactation. 

Energy balance may also affect response to BST. Although cows 

in our study should have been in a positive energy balance by the 

beginning of treatment (60 + 3 d), the higher producers may have been 

slower in reaching that positive balance, and may account for the 

somewhat lesser response in early lactation. 

Milk yield response to BST during periods of high ambient 

temperature was not different from periods of moderate temperature. 

Cows responded in a similar manner during the summer months (June, 

July, August) as they did during the spring months (March, April, May). 

Because milk yields decreased due to hot weather and advancing 

lactation, percent increase attributable to BST injection, was 

numerically higher during the summer compared to the spring. Cows 

injected with BST had significantly higher rectal temperatures during 

four of nine measuring dates between June and September. These occured 

during periods of higher relative humidity. And although temperatures 

were lower, cows were perhaps under greater heat stress because of the 

increased humidity and decreased ability to dissipate that heat. 

Missouri workers (Mohammed and Johnson, 1985; Manalu et. al. 1988) 

report increased heat production in BST-treated cows, which is probably 

due to an increased energy requirement for greater milk production. 

However, most studies (Staples and Head, 1987; Elvinger et. al., 1987) 

report no increase in rectal temperatures, because of a greater ability 

of BST-treated cows to dissipate the additional heat load, through 

increases in skin vaporization and respiratory heat losses (Manalu et. 
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a!., 1988). In conclusion, these data as well as other studies 

indicate that BST is as effective in increasing milk production under 

environmental heat stress conditions as in thermal neutral conditions. 

Much work is required to determine with greater clarity those 

factors affecting response to BST treatment of dairy cows, such 

findings will be useful to the dairy producer in management of BST-

treated cows. These studies suggest that greater response to BST might 

be expected in lower producers, in cows of lesser genetic potential and 

during mid to late compared to early lactation. Thermal stress 

apparently does not affect response of cows to BST. 
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CHAPTER 5 

APPENDIX: LEAST SQUARE ANALYSIS OF VARIANCE 

LEAST SQUARE ANALYSIS OF VARIANCE 

FOR MILK YIELD FOR MODEL 2 

Actual Milk Yield 

Period 1 Period 2 Period 3 

Source df Mean Sauare df Mean Sauare df Mean Sauare 

Treatment (T) 1 144.19** 1 153.58** 1 4.42 

Cow Index (CI) 1 29.94* 1 292.09** 1 361.87** 

T x CI 1 16.69 1 23.39 1 23.86 

Premilk 1 899.30** 1 105.29* 1 8.24 

Fat-I Corrected Milk 

Period 1 Period 2 Period 3 

Source df Mean Sauare df Mean Sauare df Mean Sauare 

Treatment (T) 1 243.69** 1 112.29* 1 0.59 

Cow Index (CI) 1 12.74* 1 178.53** 1 276.60** 

T x CI 1 13.64 1 12.94 1 27.32 

Premilk 1 584.64** 1 81.41* 1 14.16 

*P<.05 

**P<.01 



LEAST SQUARE ANALYSIS OF VARIANCE 

FOR MILK YIELD FOR MODEL 3 
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Actual Milk Yield 

Period 1 Period 2 Period 3 

Source df Mean Sauare df Mean Sauare df Mean Sauare 

Treatment (T) 1 147.14** 1 190.43** 1 11.20 

PD Sire (PD) 1 1.02 1 9.80 1 56.79 

T x PD 1 6.08 1 18.60 1 33.14 

Premilk 1 1005.65** 1 238.39* 1 14.56 

*P<.05 

**P<.01 
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