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adipose tissue lipid rnetabolisrn (Baurnan & C urrie, 1980), through increased responses to 

li polytic stirnulators and dec reased responses to an li lipo lytic effectors (Doris el aI. , 1996). 

Exogenous somatotropin administration a ltered glucosc homeostatic responses to insulin 

in ruminant an imals, affecting t he dose-response characte ri st ics with decreased whole­

body metabolism and clearance of glucose from the circulation in response to insu li n 

(Rose & Obara, (996). T hese cha nges rn ake more gluconeogenic substrate, glucose a nd 

preformed fatty acids ava il able to the mammary gland from body rese rves, while the 

eventual increase in intake of chro nic treatment ensure ma in tenance of the response. 

Recombinant bST is currently being widely used in the indust ry as a managemen t tool to 

increase milk production , beyond the basa l genetic capabilities of da iry cows. Although 

increases of between 10 to 15% were common ly atta ined , t here was no advantage to 

ad rnini stering recornbinant bST whe n management , more specifica lly nutritional 

rnanage ment , of the herd was poor (McGuire el 01., 1995a). In the latter case, reproductive 

performa nce rnay consequently be depressed lead ing to overa ll poor herd performance and 

profitability (see rev iew by Ethe rton & Bau man , (998) . The nutritio na l status of ea rly 

lactation da ily cows is a crucia l factor that deterrnined t he nutrient partitioning and milk 

production responses (Vicini el 01. , 1991), whil e nutrient restriction modulated the 

efficacy of somatotrop in within the somatotropic ax is (McGuire el 01., 1995a). 

We therefore hypo thes ize that somatotropin will enhance homeorhetic respo nses through 

altered respo nses to exogenous a nd endogenous insuli n , even in t he ea rly lactation dai ly 

cow at 9 weeks postpartum where metabolism is already altered to accommodate the 

phys iologica l state. We further suggest that t he res ponses will be modulated by nutrient 

restriction , where res ponses may fa il to fully express in the face o f decreased alimenta ry 

nutrient su pply. 
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CHAPTER 2. LITERATURE REVIEW 

1. Me tabolic tests 

1. I Domestic ru minant liS. monogastric animals 

Insulin plays a centra l role in thc control of energy metabolism in the body, including 

substra te di stribution to body t issues from the liver (Zammit, 1996), which in tu rn plays 

a cent ral role in mctabolism th rough nutrient distribution and modi fication (Danf:rr, 

1994). T he biological effects of insulin , especially in relation to glucose mctaboli sm are 

indica tive of the metabolic sta te of the animal, wi th distincti ve direct (hepa tic) liS. ind irect 

(ex'trahepatic) effects on the utili zation and distribution of glucose by the liver (Satakc el 

al., 2002). In addition to diffe rences in circula ting concentrations of insulin and glucose in 

the monogastri c animal and the domestic ruminant animal, the control mechanisms that 

determine glucose homeostas is are very d ifferent between species. Sheep are much more 

res istant to insulin than cithcr humans or pigs and this dec rease in homeostatic response 

to insulin is an important adaptation to ruminant digestion, a lthough insulin still plays a 

very important ro le in ruminan t glucose homeostasis (Bell & Bauman, 1997). T he 

reduction in insulin action in polygastri c compared to monogas tric animals has features in 

common with the changes in phys iology during pregnancy and lactation (Bell , 1995), as 

we ll as the responses to exogenous somatotropin t reatment during growth and lactation. 

T herefo re the relative insu lin res istance of the altered phys iological state (Petterson el aI., 

1993) is further aUI,'ln ented by recombinant bST administration (Sechen el aI. , 1990 ). Of 

the homeorhetic hormones, o nly somatot ropin seems to mainta in a uniform role in 

coordinating glucose metaboli sm to enhance glucose precurso r supply and hepatic 

gluconeogenesis, while decreaSing its peripheral utili zation (Be ll & Bauman, 1997). 

Hormonal and/o r nu trient profiles a lone are inadequate to estimate homeostatic or 

homeorhetic contro l mechanisms and some form of metabolic test is required to establish 

t he size of tissue responses to hormonal signals (Metca lf & Weekes, 1990 ). 

A whole ra nge of metabolic tests is ava il able to assess the state of t he glucose homeostatic 

mechanisms of the animal, which include exogenous application o f glucosc, insulin , 

glucagon and/o r epinephrine. Although the application of a single bo lus (i.e. a metabolic 

chall enge) is limited in the scope of the conclusions that can be made from the data 
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Whereas hepa tic glucose product ion is more sensitive than peripheral tissues 1O the effeCls 

of insulin in man (Ri zza el 01., 198 1), periphera l tissues a re more sensitive to the effects of 

insulin in sheep than the live r (Weekes el 01., 1983). T he relative insensitivity of the 

nlminant live r to insulin inhibition o f glucose output is understa ndable, as the supp ly of 

glucose in the nlminant an imal is almost entirely dependent o n gluconeogenes is and 

should not be compromised . Neither tJ1e max imal responsiveness nor tJ1e sensiti vity of 

hepatic glucose production was affected d uring pregnancy in ewes, where a ltered glucose 

metabo lic responses occurred through modu lation of insulin responses in peripheral 

insulin-dependent tissues (Pette rson el 01., 1993). The greater tissue sensitivity in the 

ovine could be a result of the low insulinaemia, but these va lues are d ifficult to interpret 

because insulin -induced uti li zat ion cannot always be accuratel y separated from insuli n­

independent glucose utili zation (Weekes el aI., 1983). 

1.2 Other notable effects 

Care should be taken when interpreting the results of metabolic tests perfo rmed in 

animals where va ri ation in feedi ng, feeding level , ambient temperature, season, minera l 

status, age or adipos ity occurred , or in animals with ketosis, acidosis, or during disease 

states. In addition to variations between species (and breeds), experimental protocols, 

nutritional factors, the environment and metabolic status of animals, the method of 

challenge delivery can a lso affect the metaboli sm of the animal. W h ile the portal glucagon 

concentration, systemic glucose concentration, hepati c glucose load , systemic to porta l 

glucose concentrat ion gradient, periphera l glucose uptake and peripheral insulin 

concentration were simila r, hepatic glucose uptake was enhanced , hepa tic glycogen 

synthesis was significantly greate r with a much greater proportion of blood glucose uptake 

d irected to glycogen synthesis (80%) when insulin was administered in the porta l ve in of 

the liver instead of peripherally (60%) under condi t ions that mimicked the pos tprandial 

phase in dogs (Satake el 01.,2002). 

1.2.1 Feeding alld inleraclian lVilh physiological slale 

Feeding a poor qua li ty feed (grass-based ) 1O wethers did not affect circulat ing 

concentration o r basal metabolic clea rance rate of either glucose or insulin , or the SSG IR 
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during hyperinsulinaem ic euglycaem ic clamps. but decreased the metabolic clearance rate 

of glucose and the sensitivity of the response to insulin compared to a maize-based diet 

(Janes et 01 .• 1985). A similar protocol of nutritional limita tion in growing steers decreased 

in vitro glucose oxidation to COl and lactate (Rhoades et 01 .• 2007) . The lipolyti c responses 

to adrenergic signals are greatly dependant on and modified by the energy balance of 

an imals. where a clea r response peak occurred when dry nonpregnant cows were in a 

negative (- 14.8 MJ M E/d) energy balance. compared to a ver), mild more transient 

response when in a positive (+34.5 MJ M E/d) energy balance (Ferlay et 01 .• 1996). 

In ewes. pregnancy was characterized by increased basal endogenous glucose production . 

glucose metabolic clearance rate and insulin-independent glucose utili zation. with reduced 

sensitivi ty of whole-body glucose utili zation to insulin coupled to an increase in glucose 

metabol ic clearance rate (Petterson et 01.. 1993). There was a red uction in the 

responsiveness of insulin-dependent glucose utili zation and a tendency (P< O. IO) for 

decreased sensitivity of thi s response to insulin during pregnancy. while basal glycaemia 

and insulinaemia were unaffected (Petterson et 01 .• 1993). Undernutrition decreased basal 

endogenous glucose appearance. metabolic clea rance rate and insulin-independent 

utili zation in the face of unchanged insulin or glucose concentra tion in dry ewes 

(Petterson et 01.. 1993). although a lack of effect on basal responses has al so been reported 

in ewes (Metcalf & Weekes. 1990). Whereas insulin-induced whole-body glucose 

metabolism. glucose metabolic clearance rate and glucose utili zation was not affected by 

nutritional state. the responsiveness of endogenous glucose production was decreased 

(Petterson e l 01 .• 1993 ) and decreased the sensitivity of glucose clearance in response to 

insulin (Metcalf & Weekes. 1990). 

Period of the feeding cycle affected the G IR during hyperglycael1lic clamp up to 2 to 4 

hours after feeding in sheep. but did not affect the results of hyperinsulinaemic 

euglycaem ic clamps. although steady-state conditions were not achieved in these 

experiments (Sano et al .• 1990). Insulin and glucose responses to intravenous glucose and 

insulin cha llenges were altered in the preprandial "s . 3-hour postprandial period in milk 

replacer-fed dairy calves (Hostettler-Allen et al .• 1994). Glucose half-life was increased in 

the postprandial period . where the insulin peak response was delayed following glucose 
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1.2.4 Acidosis and kelosis 

T he acid-base sta tus of cows can affect the results of metabolic tests and a 4.4% reduction 

in euglycaemia was observed in d ry, non lactating Jersey cows whe re mild acidosis (blood 

pH 7.32) was induced (Bigner el aI., 1996). Acidosis in ruminant animals can signifi cantly 

decrease insulin secretion and in d ry, nonpregnan t cows the baseline insulin concentra tion 

was decreased by 33.7% with mild acidos is, compared to a normally slightly alkaloti c 

condition (Bigner el al., 1996). Mild ac idos is (blood pH 7.32) not only decreased the 

basal circulating glucose and insulin concentrations, but also decreased the rate of insulin 

secretion fo ll owing glucose chall enge (-22.9%), with a greater increase in glucose 

concent ra tion (+ 7.2%) in cows fed a high anion diet to induce acidosis (Bigner el al., 

1996). 

In early lacla tion Holste in cows the glucose concentration in serum was 50 . 1 mgldL for 

non-ketotic cows, vs. 38.0 mgldL in cows presenting clinica l signs of ketosis, although no 

stati sti cal compari son was made between values (Sakai el al., 1996). In high-production 

Holste in cows within one month postpartum , the insulin concentra tion of normal cows 

was 14.6 Il U/mL, compared to only 8.6 Il U/mL in cows suffering from clinical ketos is, 

a lthough no sta ti stical compari son of data was made (Sakai el al., 1996). In cows suffe ring 

fro m clinica l ketos is, glucose cha llenge in ea rly lactation resulted in what seemed a more 

pronounced peak glucose concentration coupled to a less pronounced peak insulin 

concentrat ion, although no statistica l compari son was d rawn between these va lues (Sakai 

el al., 1996). H owever, these authors repo rted a Signifi cant dec rease in the rate at which 

glucose concent ra tion declined , while the decrease in insulin clearance from the 

circulation reported also seemed ambiguous (Sakai el al., 1996) , because the data reported 

yield an extremely similar slope of fall when corrected fo r concen t ration diffe rences 

between the groups. These results suggest that the effi cacy of glucose dos ing in treating 

ketos is is limited by decreased insulin secretion in ruminant animals suffering from 

induced acidosis (Bigner el aI. , 1996) or da iry ketos is (Saka i el al., 1996). 
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1. 2.5 Other 

i\Jthough the magnesium content of the diet did not affect the basa l glucose or insulin 

concentration in either a thenlloneutral or co ld environment. a significant environment­

d iet interaction was observed for the response of glucose Illetabolism to insulin 

administration (Achmadi et 01. . 200 I). A low magnes iulll die t (high in potass ium ) 

decreased the greater G IR of sheep exposed to co ld environmental temperatures by 38.5% 

and the reduced adaptive response to co ld occurred without any change in sensitivity 

(Achmadi et 01 .• 200 I). Therefore the magnesium content of the diet. especially in cold 

environments can affect the resu lts of metabolic tests. Chromium supplementation can 

affect the results of metabolic tests in growing callie (Bunting et 01 .• 1994). during 

pregnancy and lactation (Subiyatno el 01.. 1996). Results have been inconsistent (Depew 

el 01 .• 1998) with va ri able effects depending on phys iological state (Hayirli el 01 .• 200 I). 

although results should be interpreted with care when large changes in in take and energy 

balance arc induced by supplementation. 

Disease can affect the normal metabolic responses with notable examples of cys tic ova ri an 

disease and displaced abomasum . In lactating high-production dai ry cows suffering from 

cystic ovari an di sease tJ,e pancreas was res istant to stimulus by glucose. with reductions of 

approximately 30% in insulin responses to intravenous glucose challenge with no change 

in glucose clea rance (Opsomer el 01.. 1999). Displaced abomasum in da ily cows was 

associated with impaired glucose to lerance (Holtenius & Traven . 1990) . where decreased 

intake. mil k production. insulin and glucose concentrations were observed along with 

increased NEFA and l3-hydroxybutyra te in ea rly lactation dairy cows (Van Winden et 01. . 

2003). 

2. Somatotropin administration in lactation 

Somatotropin has several effects in add ition to the classic growth effect ascribed to 

"growth hormone". with more than 450 different effects in 84 cell types asc ribed to the 

somatotropin receptor (Waters el 01.. 1999). These include the direct metabolic effects of 

somatotropin in various t issues and the indirect effects on ti ssues li ke the mammary gland 

that secmed to be mediated by IGF- I and the IGFBPs in the IGF system (McGuire el 01 .• 
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1995a). Much of the effects of somatotropin have been inferred from research conduCled 

by exogenous somatotropin administration , particula rly during growth and lacta tion. 

Somatotropin receptors have been identified in many ti ssues, but not the mammary gland 

(Gluckman el aI. , 1987) and galactopoieti c effects are considered indirect. 

2. I Somatotropin concentra tion 

Administration of slow-release recombinant bST did not affect the period icity of 

circula ting somatotropin (frequency or duration of peaks), but increased the amplitude of 

peaks in sOlllatotropin episodic secretion , resulting in a several-fold increase in mean 

somatotropin concentration (Cisse el al., 199 I ). Serum somatotropin concentration 

peaked at almost 5.0 to 5.9-fold endogenous bovine somatotropin (bST ) concentra tion, 

approximately 2 to 3 hours after 5 1.5 I U/d subcutaneous pituitary-derived bST injection 

in lactat ing cows (Peel el al., 198 I, Peel el aI. , 1982). This peak response was dose­

dependent and on both days I and 10 of trea tment, where 5 IU and 10 IU fai led to affect 

plasma somatotropin concentration, with increases of + 188% at 25 IU , +290% at 50 IU 

and +502% at 100 IU (Eppard el al., 1985 b). Although the administ ration of pituit<lIY­

derived bST at both 36 days and 127 days postpartum lead to an increase of 

somatotropin concentration to approximately 12 ng/mL, thi s constituted increases of 

+ 233 .3% at peak and more than 500% in midlactation, due to di ffe rences in endogenous 

somatotropin concentrations (McDowell el al., 1987b). Daily subcutaneous 

ad ministrat ion was required because circulating somatotropin concentrations remained 

highl y elevated for several hours, but were steadil y declining toward control by 24 hours 

afte r trea tment (Poci us & Herbein , 1986, McDowell el aI. , 1987a, McDowell el al., 

1987b), although it can remain slightly above control for as much as 5 days (Peel el aI., 

198 I). In elVes, subcutaneous treatment with O. I mg pituitary-deri ved bST per kg body 

we ight ( 1.2 IU/ mg) increased the plasma somatotropin concentraLion by I I 1.5% 

(McDowell el aI. , 1987c) . Admin istration of recombinant bST (sometribove) over 4 

lactations continued to susta in an elevated serum somatotropin concentration of 389.5% 

above control and the sustained production response and lack of compet itive binding 

suggests that antibody producLion against recombinant bST was not present (Adriaens el 

al., 1992). 
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2.2 Production responses 

2.2. 1 Milk prodllclion 

Treatment with 5 IU/d to 10 IU/d pituitary-derived bST fa iled to increase milk 

production, while the increase was dose-dependent between 25 IU , 50 IU and 100 IU/d 

(Eppard el aI., 1985b) . However, there was no significant advantage to a dose of 100 IU 

pituitary-derived bST per day (+3 1.8%) v)'. a dose of 50 IU (+28 .5%) when high­

production cows were treated at 192 days postpartum (Eppard el al., 1985 b). The effect 

on fat-corrected milk yield was simila rly dose-dependent for recombinant bST between 

23.3% ( 18.9 IU/d ) up to 41 .2% (56.7 IU/d ), over a 16-week treallnelll period in high­

producing cows (Bauman el aI., 1985a). Recombinant bST was a more effective 

ga lactopo ietic treatment leading to a 36.2% increase in the fat-corrected milk yield (37.8 

IU/d for 104 days from week 13 postpartum) in high yielding dairy cows compared to 

only a trend toward a 16.5% increase (I' < 0 . 10) using pituita ly -d erived bST (Bauman el 

aI., 1985a). The increase in milk production in response to recombinant bST (40 mg 

sometribove injected daily) was as high as 4 1.2% in cows treated for 12 days at 190 days 

postpartum (Sechen el al., 1990). The effects of exogenous bST treatments on milk 

production were short- li ved and the increase in milk production observed after 10 days of 

subcutaneous pituitary-derived bST injections returned to the base line level within 3 days 

of the end of bST treatment (Peel el aI., 1982), with similar results fo llowing recombinant 

bST daily ad ministration (Sechen el aI. , 1990). 

Ten days of treatment with 50 IU/d pituitary-derived bST very early in lactation when 

cows were in a nega tive energy balance only tended (I' < 0 .09) to increase milk 

production from 36.2 kgld by 6. 1 % (Ri chard el aI., 1985). Six days of treatment with 0. 1 

I U/kg body we ight pituita ry-derived bST in dairy cows at peak (36 days postpartum) 

increased mil k production by only 6.0%, which was related to an 8.5% increase in the fat­

corrected milk yield (McDowell el aI., 1987b). These responses were reduced compared to 

similar applications later in lactation . Treatment with 50 IU/d pituitary-de rived bST at 60 

days postpartum when cows were in an almost ze ro energy balance tended (I' < 0.08) to 

increase milk production from 34.6 kg by 11 .8% (Richard el al. , 1985). Six days of 0 .1 

IU/kg pitu itary-derived bST in midlactation ( 127 days postpartum ), increased milk yield 

by 14 .0% and fat-corrected milk yield by 19.4% (McDowell el al., 1987b) . T he apparent 
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lack of response a t 20 days vs. 60 days postpanum (Richard el aI., 1985) or 36 days vs. 

127 days postpanum (McDowel l el al., 1987b) could also be ascribed to higher 

endogenous somatotropin in ea rly lactation , rather than differences in energy ba lance. 

Even when cows producing 34.4 kg milk per day (74 days postpartum) were 111 a 

sign ifican tly negative energy balance (- I 1.0 Mcal/d), 5 1.5 IU pit.uitary-derived bST 

ad minisnation for 10 days increased milk production by 9.5% (Peel el al., 198 1). Dai ly 

injection of sheep with 0.1 mg pituitary-derived bST per kg body weight ( 1.2 IU/mg) for 4 

days, at 50 days postpanum , increased milk yield by 12.4% (McDowel l el al., 1987c). 

Treatment with 39 IU/d pituitary-derived bST for 22 weeks increased overa ll m il k 

production by 17.7% in pasture-fed twin cows, which retumed to basel ine levels within 7 

days after pituitary-derived bST trea tment (Peel el al., 1985). However, the 33.7% 

increase in fat-corrected mi lk yield at 4 weeks was reduced to a 26. I % increase by week 8, 

with no difference evident by 22 weeks postpartum , i.e. pers istency of milk product ion 

was not enhanced by pitu itary-derived bST (Peel e l al., 1985). Si milarly long-term ( 104-

day) adm inistration of pitu itary-derived bST fai led to elicit a signifi cant increase in mi lk 

product ion (+ I 6.5%, P < O. 10), because milk production rapid ly declined toward cont rol 

leve ls after an initia l increase in milk production (Bauman el al., 1985a). However, 

administration of recombinant bST mainta ined elevated mi lk prod uction throughout the 

treatment period , changing the shape of the lactation curve, enhancing the persistency of 

milk production (Bauman el al., 1985a). T he response to recombinant bST (500 mg 

sometribove) was susta ined over several lactations with a milk prod uction 24.4% greater 

than control still evident at approximately 120 days postpartum in the fourth lactation of 

treatment fro m 60 days postpartum , a lthough this did not constitute an increase in the 

fa t-corrected mi lk yield (Adriaens el al., 1992). Adm inistra tion of slow-release 

subcutaneous recombinant bST ( 160 mg) over the entire lactation of da ily ewes increased 

6% fat-corrected mi lk yield by 22 . I %, from just after wean ing up to near the end of 

lactat ion (Brozos el aI., 1998). Although the persistency of milk prod uction was not 

increased bv long-term administration of recombinant bST in da iry ewes, it should be 

cons idered that these ewes were not allowed to adapt feed intake to treatment (Brozos el 

al., 1998). 
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Poor nutrition modulated the responses of the sonMtotropic axis (Gluckman et 01. , 1987) 

and prevented many of the normal responses in the somatotropic axis (McGuire et 01., 

1995a, Renaville et 01.,2002 ). Treatment of ea rly lactation dairy cows on a cont rol ( 100% 

of requirements) diet increased milk product ion to a greater extent than a nutrient 

concentrated d iet alone, with the greatest response observed in cows rece iving both the 

high protein and energy diet plus exogenous bST (Austin et 01. , 199 1). Res tricting either 

net cnerb'Y or crude protein in take to 80% of the ca lculated requirements decreased milk 

production and its response to 4 day recombinant bST treatmenL in a similar manner, 

while restriction of both components did not prevent the response to bST of the reduced 

milk production of these cows (McGuire et 01., 1992). This was also demonstrated by the 

lack of effect of 500 mg recombinant bST treatment of cows fed a low-protein concentrate 

and turned out to pasture at 24 weeks postpartum , 15 weeks in to treatment (Chilliard el 

01., 199 1). In this experiment using multiparous Holstein cows, milk yield tended to 

increase (P < 0. 10) in response to slow-release recombinant bST in the first 9 weeks of 

administration by only 3.2 kg/d, with no effec t in the fo llowing 19 weeks of treatment 

(Chillia rd et 01., 199 1). Not on ly was the absolute ga in in milk yield increased as the 

nutrient concentration of the d iet for crude protein and metabolizab le enerb'Y (ME) 

increased, but the percentage increase in milk yield also exhibited stepwise increase 

(Newbold et 01., 1997). 

2.2.2 Milkfat 

Mil k fat yield was increased in a dose-dependent manner by 25 IU (+ 15.5%) , 50 IU 

(+35. 1 %) and 100 I U (+46.4%) pituitary-derived bST trea tment for 10 days, where cows 

were in a positive energy balance at the start of treatments (Eppard et aI. , 1985a). The 

milk fat percentage was not affected by pituitilly -derived bST t reatment of cows at 192 

days postpartum, where treatments did not cause appreciable changes in the positive 

energy balance (Eppard et aI. , 1985b) . A 104 day treatment with 18.9 IU up to 56.7 IU/d 

recombinant bST, which increased mi lk product ion by between 23.3% to 4 1.2% did not 

affect milk fat percentage, where treatments were initiated afte r peak when cows were in a 

positive energy balance (Bauman el aI. , 1985a). Simila rly chronic treatment with pituitary­

derived bST, which only tended to increase fat-corrected milk production, did not affect 

the milk fat percentage of cows where the positive energy balance was not signi ficantly 
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effects on production responses were observed (Eppard el aI. , 1985b). In well-fed Holste in 

cows treated with exogenous bST in ea rly lactation no change in the percentage or 

composition of milk fat was observed for individual fatty acids or different classes of fatty 

acids (Aust in el aI., 199 1). The short and medium-chain fatty ac id content of milk was 

decreased by 10. 7% by 14 days of pituita ry-derived bST treatment, because the increase 

in rI,' 1/01'0 synthes is of fatty acids did not match the increase in milk fat yield (B itman el 

aI., 1984). The C 14:0 production (as a percentage of total fatty acids) was decreased by 

5.9% (50 I U/d) and by 12.5% ( 100 I U/d) after 10 days of pituitary-derived bST 

t reatment, while C 14: I was decreased by 15.0% by 100 IU/d (Eppard el al., 1985a). The 

reduction in the content of shorter-chain fa tty acids in milk fat was very closely matched 

by an increase in the fatty acid content of preformed fatty acids, mobilized from body 

reserves where a signi ficant reduction in energy balance was evident (Bitman el al., 1984). 

The C 16: I proportion in milk fatty acids was increased in a dose-dependent manner 

(Eppard el 01., 1985a) by 50 IU (+ 11. 1%) and 100 IU (+25.9%) pituitary-derived bST 

treatment fo r 10 days , where C 18: 1 was also increased by 50 IU (+9.4%) and 100 IU 

(+ 18.9%) when energy balance was grea tly decreased (Eppard el aI., 1985b). Simila rly in 

midlacta tion cows, exposure to recombinant bST increased C 16: I (+30 .8%) and C 18: I 

(+ 14.4%) abundance in the absence of altered mi lk fat percentage, whi le the content of 

short , medium and other long-chai n fatty acids were not affected by t reatment (Beswick 

& Kennelly, 2000). A 26.6% increase in C 18: I was also observed in cows experiencing a 

signi ficant increase in milk fat percentage in midlactation (Bitman el 01., 1984). However, 

the tota l long-chain fatty acids were not conSistently affected by 10 days of pituitalY­

derived bST, with small non-significant decreases in some of the long-chain fatty acids 

(Eppard el aI., 1985a). Two weeks of exposure to pituitary-derived bST decreased the 

structural lipids of milk, with a decrease of 20.6% in cholesterol and 28.9% in 

phospholipid, while the triacylglycerol and diacylglycerol percentage remained unaffected, 

with greater total percentage milk fat (Bitman el aI., 1984). 

2.2.3 Milk laclose 

Mil k lactose yield of dairy cows and ewes generally reAects the changes in milk production 

without an effect on milk lactose content, because of its important osmot ic function in 

milk. A small but Significant decrease (-4 .5% of control) in mi lk lactose percentage was 
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observed with 0.1 IU/kg body weight pituitary-derived bST for 6 days at peak, because 

the increase in milk lactose yield was not signi ficant (McDowell et 01., 1987b). Milk 

lactose yield was increased by as much as 20.6% following 10 days of 5 1.5 IU/d pituitary­

derived bST subcutaneous inject ion, without any change in the milk lactose percentage 

(Peel etal., 1982). 

T he yield of the milk protein a- lacta lbumin (an important component of the lactose 

synthase complex) was unaffected by 10 days of 5 IU and 10 IU/d pituitary-derived bST 

treatment and increased in a dose-dependent manner by 25 IU (+35.0%), 50 IU 

(+46. 1 %) and 100 IU (+ 73.4%) per day (Eppard et aI. , 1985a). At 100 IU/d pituitary­

derived bST the a -lactalbumin concentration in milk was increased by 32.3%, while 50 

IU and 100 I U/d increased the lactalbumin proportion of total milk prote in (Eppard et al. , 

1985a), even wh ile the mil k protein percentage was decreasing (Eppard et aI., 1985 b). 

2.2.4 Milk protein 

Milk prote in yield was generally increased in a similar manner to the milk yield response 

with no difference in the response to pituita ry-derived bST vs. recombinant bST when 

cows remained in a ze ro or pos it ive nitrogen balance (Eppard et aI. , 1985b, Sechen et al., 

1989). Intramuscular administration of 37.8 IU/d and various doses of recombinant bST 

( 18.9 IU/d , 37.8 IU/d and 56.7 IU/d) for 104 days from 4 weeks after peak yield d id not 

affect milk prote in content (Bauman et aI., 1985a). The prote in yie ld of cows treated with 

25 [U, 50 IU and 100 IU/d pituita ry-derived bST for 10 days increased in a dose­

dependent manner, between 15.6% up to 26.7% (Eppard et aI., [985a), where 25 IU/d 

fa iled to affect the milk protein percentage when the nitrogen balance was unaffected 

(Eppard el al. , 1985 b). Higher doses of pituitary-derived bST for 10 days decreased the 

ni troge n balance by 4 g/d to 6 g/d and also decreased the milk protein percentage by 4. 1 % 

to 4.7% (Eppard et al., 1985 b). T he milk protein yield on ly tended to increase after 

pituita ry-derived bST treatment of midlactation cows in a Signi ficantly nega tive nitrogen 

balance (-2 lg/d ), which lead to a decrease in milk protein percentage of 6.3% of control 

va lues, coupled with an increase (+ 10.2%) in milk nitrogen excre tion (Tyrrell et al. , 

1988). Wh en the protein requirement was not met by the total mixed ration, 12 days of 

subcutaneous recombinan t bST treatment tended to decrease the protein content of milk 
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by 8.0% (signi ficance level not ava il ab le), where the increase in milk protein yield fa il ed 

to match the rise in milk production (Sechen et 01., 1990) . Short-term exposure to 

recombinant bST that fa iled to increase protein yield lead to a tendency (P < 0.07) 

toward a 1.8% decrease in milk protein percentage (Molento et 01. , 2002). This was 

associated with a small but signi ficant increase in the case in percentage (+4. 1 %) in early 

lactation cows, coupled to a 10.8% reduction in milk urea concentration (Molento et aI. , 

2002). When the response of milk protein yield paralleled the increase in milk yield no 

change in the milk urea-nitrogen occurred in midlactation cows treated with slow-release 

recombinant bST (Velez & Donkin , 2004). Although the red uction in near- zero nitrogen 

balance to slight ly negative va lues d id not reach stati sti cal sign ificance, pituitary-derived 

bST ad ministration decreased the milk protein percentage of early lactation da iry cows by 

4 .6% (Peel etal., 198 1). 

2.2.5 Milk energy and the efficiency o/Ill ilk prodllction 

Milk energy secretion (McaVd) exhibited a dose-dependent increase in short-te rm studies , 

where in take was unaffected by exogenous bST, although changes in milk energy arc 

highly variable, even when results of the same pituitary-derived bST dose within the same 

laboratory were compared (Eppard et 01., 1985 b). Because milk production responses to 

somatotro pin present without anv change in intake, the gross efficiency of milk 

production is often increased during short-term periods of bST administration. However, 

it must be considered that the balance of nutrients at tissue level can have a large impact 

on the va lues for gross effi ciency (kg product ... kg dry matter in take) obtained from 

experimental animals (Veerkamp & Emmans, 1995). 

Dai ly ad ministration of 5 IU and 10 IU pituitary-derived bST fa iled to affect circulating 

bST concentration or milk production responses (including milk energy yield ), but still 

increased the efficiency of milk production by 8.3% and 9.9% respectively (Eppard et 01., 

1985b). An in termediate response was observed at 25 IU/d where milk energy was 

increased by 16. 1 % (+3. 1 McaVd ) leading to a 14.9% increase in efficiency, a lthough 

many of the milk production responses remained similar to control (Eppard et 01., 1985b). 

Treatment with 50 IU and 100 IU/d pituitary-derived bST increased milk energy yield in 

a similar fashion by approx imately 30%, but the effi ciency of milk production was 
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