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CHAPTER 4. DATA ANO STATI STICAL ANALYSES 

I . Productio n da ta 

1. 1 Bodv weight 

The body weight in ki lograms determi ned weekly on two consecutive days was used to 

calculate a weighted average of two observations. The results of the average body weight 

for each week of the experiment are presented in Table 14 and Figure 13 (n = 10) as 

weekly. weighted average body weights. All results are given as the mean of all cows ± 

standard deviation (SO) . with the SO as a percentage of the mean. or coefficient of 

va ri at ion (CY) . 

Table 14. Weekly mean body weight 

W eek Mean ± SO CY 

I 6 12.0 ± 59.3 kg 9.7% 
2 602 .8 ± 58.9 kg 9.8% 

3 594.3 ± 59.4 kg 10.0% 
4 589.3 ± 59.7 kg 10. 1% 

5 589.5 ± 62.8 kg 10.7% 

6 582.8 ± 66.3 kg 11 .4% 

7 587 .5 ± 65.4 kg 11 . 1% 

8 580.8 ± 6 1.4 kg 10 .6% 

9 576.3 ± 57.3 kg 9.9% 
10 577.8 ± 55.0 kg 9.5% 
II 562.8 ± 53.4 kg 9.5% 
12 558.6 ± 60. 1 kg 10.8% 
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Figure 13. Weekly mean body weight 
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1.2 Bodv condition score 

The average BCS of two observations, from two consecutive days was determined 

( I =emaciated , 5 =obese) for each cow. The average BCS by week postpartum is given in 

Table 15 and Figure 14. 

Table 15. Weekly mean BCS 

Week Mean ± SO CV 
I 3.2 ± 0.2 5.9% 
2 3.2 ± 0.2 6.5% 
3 3. 1 ± 0.2 6.5% 
4 3. 1 ± 0.2 7.8% 
5 3. I ± 0.2 7.7% 
6 3.0 ± 0.3 8.3% 
7 3.0 ± 0. 3 8.3% 
8 3.0 ± 0.3 9.2% 

9 2.9 ± 0.3 8.6% 
10 2.9 ± 0.3 8.5% 
I I 2.9 ± 0.2 8.3% 
12 2.9 ± 0.2 8.3% 
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Figure 14. Weekly mean body condition score 
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1.3 Mil k production 

T he mi lk product ion was dctenni ned for the morni ng and afternoon mil ki ngs. The 

weighted ave rage for each week was determined from these daily mi lk production records 

(Table 16 and Figure 15). 

Table 16. Weekly mean mi lk production 

Week Mean ± SO CV 

I 20.4 ± 4.0 kgld 19.8% 
2 28.2 ± 5 .3 kgld 18.9% 
3 29.6 ± 5.4 kgld 18.2% 
4 29.5 ± 5.5 kgld 18.5% 
5 30.0 ± 5.6 kgld 18.8% 
6 30. 1 ± 5.3 kgld 17.6% 
7 29.5 ± 4.5 kgld 15 .4% 
8 28. 6 ± 5.2 kgld 18.3% 
9 28.2 ± 5.2 kgld 18.6% 
10 27.9 ± 6.1 kgld 2 1.7% 
II 28.2 ± 6.6 kgld 23.4% 
12 26.2 ± 5.3 kgld 20.4% 
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Figure 15. Weekly mean mil k production 
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During the experimental period the mean mi lk production of the 3 days prior to 

metabolic test (Figure 16) days exhibited a decline, especially during the periods o f energy 

restri ct ion . 
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Figure 16. Mean mi lk production prior to metabolic tests 
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2. Who le-blood data 

2. 1 Data collected during the insul in challenge 

2. 1.1 The control period 

The glucose concentration in whole-blood was periodica lly determined from 30 minutes 

before insu li n in ject ion (t-30 ) up to 180 mi nutes after insul in in ject ion (t I80) . These 

values are presented as a we ighted average for a ll cows (n = 10), at each time point ± SO 

and CV (Table 17 and Figure 17). 

Table 17. Insulin challenge whole-blood glucose concentration (control) 

T ime Mean ± 
l -30 48 .5 ± 
l-20 49 .0 ± 
t - 10 48.8 ± 
to 48.6 ± 
t 10 44 .2 ± 
t 20 37.6 ± 
t 25 35 .4 ± 
t 30 33.7 ± 
t 35 32.0 ± 
t 40 3 1.8 ± 
t45 32.8 ± 
t 50 34.2 ± 
t 55 35.8 ± 
t 60 36.8 ± 
t65 37.9 ± 
t 70 38.6 ± 
l 80 40.3 ± 
t 90 4 1.8 ± 
t 100 42 .6 ± 
t 120 44 .0 ± 
l 150 46.2 ± 
t 180 47 .8 ± 

SO CV 
2.8 mgldL 5.7% 
3. 1 mgldL 6.3% 

3.3 IllgidL 6.7% 

3.2 mgldL 6.7% 
4.0 mgldL 9. 1% 

3.0 mgldL 8.0% 

3.5 mgldL 9.9% 
3.6 mgldL 10.6% 
3.7 IllgidL 11.5% 
2.7 IllgidL 8.6% 

2.5 mgldL 7.5% 
2.5 mgldL 7.4% 

3.2 IllgidL 9.1% 

3.5 mgldL 9.5% 

3.9 mgldL 10.3% 

4.3 IllgidL 11.1 % 

3.8 mgldL 9.3% 
3.4 mgldL 8.2% 
4. 1 mgldL 9.5% 
3.9 mgldL 8.8% 

3.8 mgldL 8.2% 
4.4 mgldL 9.2% 
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Figure 17. Insuli n chall enge whole-blood concentration (control ) 
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2.1.2 The rbST period 

W hole-b lood glucose concentra tion data collected ± 7 days after recombinant bST 

treatment is presented in Table IB and Figure l B. Ind ividual values were used to calcu la te 

the we ighted average for all cows. 

Table l B. Insulin challenge whole-blood glucose concentrat ion (rbST ) 

T ime Mean ± SO CV 
t -30 43.9 ± 3.4 mgldL 7.B% 
t - 20 44 .3 ± 3.B mgldL B.5% 
l - 10 44.0 ± 4.2 mgldL 9.6% 

t o 44.4 ± 4.2 mgldL 9.6% 

t 10 40.B ± 3. 1 mgldL 7.5% 

t 20 36.0 ± 2.B mgldL 7.9% 

l 25 33.9 ± 2.3 mgldL 6.B% 

t 30 32.7 ± 2.5 mgldL 7.6% 

t 35 3 1.5 ± 2.7 mgldL B.7% 
l 40 30.B ± 2.3 ll1g1dL 7.4% 

t 45 30.5 ± 2.6 ll1g1dL B.5% 50 

l 50 3 1.2 ± 3.6 IllgidL I I .4% 

t 55 32.6 ± 4 .3 ll1g1dL 13.2% 45 
t 60 33.0 ± 4.B ll1g1dL 14.5% 

l 65 33.B ± 4.B ll1g1dL 14.3% • -. 
t 70 34.7 ± 4.9 ll1g1dL 14 .2% 

t BO 36. 1 ± 4.B ll1g1dL 13.3% 

t 90 36.9 ± 4.B ll1g1dL 13. 1 % 

t 100 37.B ± 4.5 ll1g1dL I I. B% 

t 120 39.7 ± 4.B mgldL 12.0% 30 
t 150 40.7 ± 4 .5 ll1g1dL I 1.2% 

t IBO 4 1.5 ± 4.B mgldL I 1. 6% 
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·30 o 30 60 90 110 150 180 
Time (minutes) 

Figure l B. Insulin chall enge whole-blood concentration (rbST ) 
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2. 1.3 The 80% ME period 

The average whole-blood glucose concentration results of the insulin challenge. performed 

I week afte r energy restriction are presented in Table 19 and Figure 19. 

Table 19. Insulin challenge whole-blood glucose concentration (80% ME) 

T ime Mean ± SO Cy 

t -30 45.8 ± 4.3 IllgldL 9.3% 
t - 20 45.8 ± 4.4 mgldL 9.5% 
t - 10 45.9 ± 3.7 IllgldL 8.2% 
to 45 .5 ± 3.9 IllgldL 8.5% 
t 10 42 . 1 ± 3.5 IllgldL 8.4% 
t20 35. 2 ± 3. 1 mgldL 8.7% 
t 25 32.9 ± 3.5 mgldL 10.8% 
t 30 30.9 ± 3.9 mgldL 12.5% 
t 35 29.3 ± 3.9 mgldL 13.4% 
t40 29.2 ± 2.9 mgldL 9.9% 
t45 30. 1 ± 2.8 mgldL 9.2% 50 

t50 30.9 ± 2.7 mgldL 8.7% 
t 55 32 .7 ± 3.2 mgldL 9.8% 
t 60 33 .5 ± 3.9 mgldL 11. 7% 
t 65 34 .9 ± 4.4 mgldL 12.7% 
t 70 35.8 ± 4.4 mgldL 12.3% 
t 80 38.2 ± 4. 1 mgldL 10.8% 
t 90 39.7 ± 4.3 mgldL 10.9% 
t 100 40.9 ± 4.8 mgldL 11 .7% 
t 120 42.9 ± 4.1 mgldL 9.7% 
t 150 43.1 ± 3.5 mgldL 8.2% 
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Figure 19. Insuli n cha llenge whole-blood concentration (80% ME) 
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2. J. 4 Tlte 80% ME + rbST period 

W hole-blood data coll ected periodically during the insulin chall enge performed to test the 

combined effects of SO% of metaboli zable energy and recombinant bST trea tments, is 

presented in Table 20 and Figure 20. 

Table 20 . Insulin challenge whole-blood glucose concentrat ion (SO% ME + rbST ) 

Time Mean ± SO CV 
( -30 46.7 ± 2.9 mgldL 6.2% 
t -20 46.6 ± 2.6 mgldL 5.6% 
l - IO 46.6 ± 2.6 mgldL 5.6% 
t o 46.4 ± 3.4 mgldL 7.3% 
t 10 43.5 ± 3.2 mgldL 7.3% 
t 20 37.5 ± 2.9 mgldL 7.7% 

t 25 35.2 ± 3.0 mgldL S.5% 

t 30 33.3 ± 2.6 mgldL 7.8% 
t 35 3 1.5 ± 2.7 mgldL S.5% 
t 40 30 .7 ± 2.6 mgldL S.4% 
t 45 3 1. I ± 3. 1 mgldL 10. 1% 

t 50 32. 1 ± 4.2 mgldL 12.9% 

t 55 33. 1 ± 4.7 mgldL 14.3% •• 
t 60 33.S ± 4.6 mgldL 13.7% • • 
t65 34.S ± 5.2 mgldL 14.S% 

t 70 36.7 ± 5.2 I1lgldL 14.2% 
t SO 3S. 1 ± 5. 1 mgldL 13.4% 
t 90 39.3 ± 3.911lgldL 9.9% 
t 100 40 .S ± 3.7 11lgldL 9. 1% 
t 120 42 .3 ± 3. 2 mgldL 7.7% 
t 150 43.5 ± 2. 611lgldL 5.9% 
t ISO 44.6 ± 3.2 I1lgldL 7. 1% 
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Figure 20 . Insulin chall enge whole-blood concentration (SO% ME + rbST) 
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2.2 Effect of treatments in the insulin cha ll e n ~e 

2.2. 1 The baseline glucose concenlralion 

T he individual basel ine glucosc concentrat ions dctcrmined at 10-m inute intervals from 

t-30 to to wcre analyzed llsing repeated measures between period s (SAS, 1994). There 

was no significant effect of time of sampling on glucose concentrat ion (P < 0.7005), but 

there was a significant effect (P < 0 .000 I) of period on the individual baseline 

measurements (Table 2 1 and Figure 2 1 ). 

Tablc 2 I . The insulin challenge baselinc whole-blood concentrat ion 

Pe riod Descriptio n Mean ± SO CY 
I Control " 48.7 ± 3.0 mg /dL 6. 1% 
2 rbST b 44. 1 ± 3 .8 mg /dL 8.6% 

3 80% ME " 45.7 ± 3.9 mg /dL 8.6% 

4 80% ME + rbST " 46.6 ± 2.8 mg /dL 6. 0% 
D lffc rc lll supClscn pt s (a,b,c,d) IIl cil cate stati stica lly Slg ll lflG\nt cl1 fferc nces (P < 0 .05 ) between periods. 
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Figure 2 1 . The insuli n chall enge basel ine (whole-blood) 
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2.2.2 The baseline gil/case AVe 

The area under the successive glucose concentration values was calculated by summation 

of the areas of the trapezoids under the baseline curve (AUC), between t-30 to to 

(paragraph 3.7.2, Material s and meulOds). Period significantly (P < 0 .0006) affected the 

insulin chall enge baseline AUC and ule values arc presented in Table 22 and Figure 22 as 

the ave rage for all cows (n = 10), during each period . The whole-blood glucose AUC of the 

80% ME + rbST period tended to be different from the con trol (P < 0.0679) and the 

rbST (P < 0.0571 ) periods. 

Table 22. The insulin challenge basel ine whole-blood AUC 

Period Description Mean ± SD CY 
I Control ' 1464.2 ± 9 1.6 mg x min 6.3% 
2 rbST b 1324.4 ± I 17.4 mg x min 8.9% 

3 80% ME h 1373.0 ± 120.9 mg x min 8.8% 
4 80% ME + rbST "b 1397.6 ± 8 1.9 mg x min 5 .9% 

. . 
Different superSCri pts (a,b,c.d) IIldlCate statistica lly signi fICant dIfferences (P < 0 .05) between periods . 
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Figure 22. The insulin challenge basel ine AUC (whole-blood) 
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2.2.3 The g lucose A UC response to insulin injeclion (10 - (30) 

The response AUC from to to t30 was calcu lated by summatio n of the areas of the 

trapezo ids under the response curve, corrected for the baseline AUC. The corrected AUC 

va lues are presented in Table 23 and Figure 23. Significant differe nces between pe riods 

we re obse rved (P < 0 .0228) and differences tended to reach significance between the 

rbST a nd 80% ME period (P < 0 .0794) as wel l as the control a nd 80% ME + rbST 

peri od (P < 0 .0600). 

Ta ble 23. T he insulin chall enge whole-blood response AUC 

Pe riod D escription Mean + SO CV 

I Cont rol '-235.7 ± 54.8 m): x min /dl 23.2% 
2 rbST b - 172.8 ± 45.8 mg x min /dL 26.5% 

3 80% ME ah -2 18 .9 ± 62.4 mg x min /dl 28.5% 

4 80% ME + rbST ab - 190.3 ± 28. 1 mg x min /dL 14 .8% 
. . D lffcn.:: nt superscripts (a,b,c,d) md lca lC statlstlcally significant differences (P < 0 .05) between periods . 
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Figure 23. The insulin challenge response AUC (whole-blood) 
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2.2.4 The maxim 11m glucose response 

T he max imum glucose response was detcnnincd by deducting t he minimum glucosc 

conccn t rat ion recorded d uring each insul in challe nge, fro m the averagc basel inc glucose 

conccntrat ion for each cha llenge. T hcrc wcrc statist ica lly significa nt di ffe rences (P < 

0 .0 148) in the glucose response bctwcc n pcriods (Table 24 and Figu re 24). Add itionally, 

t hc re was a tendency (P < 0 .0 646) for the 80% ME + rbST period to bc d iffe re nt fro m 

thc rbST period . 

Table 24 . T he insulin cha llenge max imum respo nse 

Pe riod Description Mea n ± SD CV 
I Control ' 18 .3 ± 3.3 mg /d L 18 .2% 
2 rbST h 14.3 ± 3.5 mg /d L 24.4% 

3 80% M E " 17.9 ± 4.5 mg /d L 25 .4% 

4 80% ME + rbST " h 16 .8 ± 2 .3 mg /dL 13 .5% 
Different superscri pt s (a,b,c,d) IIldlcate stali stlGllly slglll fi cant dIfferences (P < 0.05) between periods. 
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Figu rc 24 . T he insulin challe nge maximu m response 
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2.2.5 Time 10 reach the maximum g lucose response 

The time to minimum whole-blood glucose concentration was recorded individually for 

each insulin challenge and affected by treatmenLS (P < 0 .0 I 12). T hese differences arc 

presented in Table 25 and Figure 25 a lthough it should be kept in mind that the 

difference between periods I and 4 reached staLi stica l signi ficance (P < 0.05) , due to 

rounding of the probability, which was strictly speaking only a tendency toward 

signi ficance (P < 0 .0528). T he significant dec rease in the timing of the rbST response also 

lead to the fact t hat the hyperglycaemic clamp was delayed during th is period as the 

whole-blood glucosl: concentration had not yet stabili zed a nd not returned to baseline 

co ncentration by t2 10. T here was also a tende ncy (P < 0 .0584 ) for the d iffere nce 

between the rbST and 80% ME periods. 

Table 25 . T he time to reach maximum glucose response 

Pe riod Description Mean ± SO Cy 

J Control ' 42 .0 ± 6 .7 minutes 16. 1% 

2 rbST h 48.5 ± 7.5 minu tes 15 .4% 

3 80% ME ,h 42 .5 ± 6.8 minutes 15.9% 

4 80% ME + rbST b 46. 0 ± 5 .2 minutes 11 .2% 
D .ffere lll superscnpts (a,b.c,d) IIldlcate sltl tl st,cally slglllficant dIffe rences ( P < 0.05 ) between periods. 
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Figu re 25 . The time to reach maximum response 
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2.3 Data collected during the hvperglvcaemic clamp 

2.3. 1 The control period 

The glucose concentrations 111 whole-blood periodica lly determined from t-30 before 

glucose injection , up to up lO t.I20 minutes after initiation of glucose infusion are 

represented as a we ighted average (n= 10) at each Lime poin t (Table 26 and Figure 26) . 

Table 26. Glucose clamp whole-blood glucose concentration (comrol ) 

Time 
t -30 
t -20 
t - 10 
to 
t 5 
t 10 
t 15 
t 20 
t 25 
t30 
t 40 
t 50 
t 60 
t 70 
t 80 
t 90 
t 100 
t 110 
t 120 

100 

90 
::J 
" r 80 

" ~ 0 
u 
~ 

G 

" 0 
0 
iii 

70 

60 

50 

40 
-30 

Mean 
46.9 
47. 1 
47.8 
48.0 
60.9 
70 .1 
77.7 
84.7 
88.6 
92.9 
95.9 
96.6 
97.7 
97.4 
97 .2 
97 .2 
96. 1 
95.1 
94.5 

• 

± SO CV 
± 3.6 ml1dL 7.7% 
± 3.9 mgldL 8.2% 
± 4.4 mgldL 9.2% 
± 4.6 mgldL 9.6% 
± 5.3 mgldL 8.8% 
± 5.4 mgldL 7.7% 
± 7.2 mgld L 9.3% 
± 7.7 mgldL 9. 1% 
± 7.3 mgldL 8.2% 
± 7.8 mgldL 8.4% 
± 6.5 mgldL 6.8% 
± 6.7 mgldL 7.0% 
± 6.9 mgldL 7.0% 
± 6.3 mgldL 6.5% 
± 5.6 mgldL 5.8% 
± 4.7 mgldL 4.8% 
± 4.9 mgldL 5. 1% 
± 4.9 mgldL 5. 1% 
± 4.3 mg,tdL 4.5% 
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Figure 26. Glucose clamp whole-blood concentration (control) 
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2.3.2 The rbST period 

T he mean whole-blood glucose concentrations for each time point of the hyperglycaemic 

clamp, performed in the rbST period are presented in Table 27 and Figure 27. 

Table 27. Glucose clamp whole-blood glucose concentration (rbST) 

Ti me Mean ± SO CV 
t -30 4 1.1 ± 4.3 mJ1dL 10.5% 
t - 20 4 1.4 ± 4.5 mgldL 10.8% 
t - 10 4 1. 6 ± 4.8 mgldL 11 .5% 
to 42.0 ± 4.9 mgldL 11.7% 
t 5 54.3 ± 4.6 mgldL 8.5% 
t 10 63.0 ± 5.8 mgldL 9. 1% 
t 15 70. 1 ± 6.7 mgldL 9.6% 
t 20 77.3 ± 6.6 mgldL 8.6% 
t 25 83.2 ± 6.2 mgldL 7.5% 
t 30 87.9 ± 7. 1 mgldL 8. 1% 
t 40 89. 1 ± 7.8 mgldL 8.8% 
t 50 9 1.5 ± 7.3 mgldL 8.0% 
t 60 93.0 ± 7.7 mgldL 8.3% 
t 70 92.9 ± 6.4 mgldL 6.9% 
t 80 93.8 ± 7.0 mgldL 7.4% 
t 90 94.0 ± 7.3 mgldL 7.7% 
t 100 93.8 ± 6. 1 mgldL 6.5% 
t 11 0 93.2 ± 6.7 mgldL 7.2% 
t 120 9 1.8 ± 5.5 mJddL 6.0% 

100 

• • • -+ - -+- ~-+---. - •• 90 • . -::;-
/1 '" bl, 80 -

.§. 

/ " ~ 0 70 -
" ~ 
G 
'" 60 -0 
E I co 

50 

/ 
4() • • -+-- • I 

-30 0 30 60 90 120 
Time (min utes) 

Figure 27. Glucose clamp whole-blood concentration (rbST) 
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2.3.3 The 80% ME period 

The collection of whole-blood glucose concentraLion data followed I week afLer initiation 

of energy restriction to 80% of the estimated ME requirement. DaLa is presented in Table 

28 and Figure 28. 

Table 28. Glucose clamp whole-blood glucose concentration (80% M E) 

Time Mean ± SD CV 
t - 30 45.0 ± 4.2 mwdL 9.4% 
t - 20 45.6 ± 3.7 mgldL 8.2% 
t - I 0 45.3 ± 4. 1 mgldL 9.0% 
to 46.0 ± 4.9 mgldL 10.6% 
t 5 59. 1 ± 4.4 mgldL 7.4% 
t 10 67 .2 ± 4.3 mgld L 6.5% 
t 15 75 .5 ± 4.4 mgldL 5.9% 
t 20 8 1.5 ± 5.3 mgldL 6.5% 
t 25 89. 1 ± 6.3 mgldL 7. 1% 
t 30 93.3 ± 4.7 mgldL 5.0% 
t 40 94.0 ± 5.4 mgldL 5.7% 
t 50 95 .2 ± 5.6 mgld L 5.9% 
t 60 96.2 ± 5.0 mgldL 5.2% 
l 70 95.6 ± 5.0 mgld L 5.2% 
t 80 95.3 ± 4.8 mgldL 5.0% 
t 90 96.6 ± 6.2 mgldL 6.4% 
t 100 95.6 ± 5.5 mgldL 5.7% 
t 110 94.4 ± 6.3 mgldL 6.7% 
l 120 92 .9 ± 6. 1 mgld L 6.6% 
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Figure 28. Glucose clamp whole-blood concentration (80% ME) 
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2.3.4 The 80% ME + rbST period 

The mean whole-blood glucose concentrations determ ined from t-30 to t 120 of 

hyperglycaemia in the 80% ME + rbST period are presented in Table 29 and Figure 29. 

Table 29. Glucose clamp whole-blood glucose concentration (80% ME + rbST) 

Time Mean ± SO CV 
t - 30 43 .9 ± 2.9 mwdL 6.7% 
l-20 44.2 ± 2.5 mgldL 5.6% 
t - 10 44.7 ± 3.3 mgldL 7.3% 
t o 45.3 ± 3.2 mgldL 7.0% 
t 5 58.0 ± 3.7 mgldL 6.4% 
I 10 68.7 ± 3.3 mgldL 4.8% 
l 15 76. 1 ± 4.2 mgldL 5.5% 
t 20 83.5 ± 4.7 mgldL 5.6% 
t 25 90.0 ± 4.5 mgldL 5.0% 
t 30 92.7 ± 4.5 IllgidL 4.9% 
t 40 94.5 ± 4.9 IllgidL 5.2% 
t 50 96.2 ± 6.4 IllgidL 6.7% 
t 60 97. 1 ± 5.9 mgldL 6. 1% 
t 70 97.6 ± 4.3 mgldL 4.4% 
t 80 97.8 ± 4.9 mgldL 5.0% 
t 90 97.9 ± 5.5 mgldL 5.6% 
l 100 98.0 ± 5.9 mgldL 6.0% 
t 110 97.0 ± 5.7 mgldL 5.8% 
t 120 95.7 ± 4.7 mwdL 5.0% 
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Figure 29. Glucose clamp whole-blood concentration (80% ME + rbST) 
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2.4 Effect of treaUnents in the hvpcrglvcaemic clamp 

2.4.1 The baseline gil/case concentration 

The individual whole-blood glucose conccntrations detcrmined at 10-minute intervals 

from t-30 to to wcrc ana lyzed using repeated mcasures between pcriods (Table 30 and 

Figure 30). There was a small , but significant effect of t ime of sampli ng (t- 30 , t- 20, t- IO 

and to) on blood glucose concentrations (P < 0 .00 I I), wh ich is dcscribed in morc detail 

in the Materials and Methods (paragraph 5.3. 1). TreaUncnts affectcd blood glucose 

concentrat ions of the basel ine preccding the glucose clamp (P < 0.000 I). 

Table 30. The glucosc clamp basel inc whole-blood concentrat ion 

Period Descriptio n Mean ± SO CV 
I Cont rol ' 47.5 ± 4.0 Illg /dL 8.4% 
2 rbST h 41.5 ± 4.4 mg /dL 10.7% 
3 80% ME ' 45.5 ± 4. 1 Illg /dL 9.0% 
4 80% ME + rbST d 44.5 ± 2.9 Illg /dL 6.6% 

Different superscnpts (a.b,c,d) II1d lCate sta tistically significa nt differences (P < 0 .05) between periods. 
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Figure 30. The glucose clamp baseline (whole-blood) 
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2.4.2 Ti,e 10101 gll/cose infusion rale 

The LOta l amount of glucose infused during the ent ire clamp ( 120 minutes) was 

unaffected by period (P < 0 .7 11 4), as it included the rise toward clamped 

hype rglycaemia, where experimental protocols were similar for a ll cows (Table 3 1 and 

Figure 3 1). 

Table 3 1. The glucose clamp to tal G lR 

Perio d Descri p tio n Mean ± SD CV 
1 Control ' 2.8 ± 0 .4 mg / kg x mill 15 . 1% 

2 rbST ' 2.8 ± 0.4 mg / kg x min 15.6% 

3 80% M E ' 2.9 ± 0.4 mg / kg x min 14 .7% 

4 80% ME + rbST ' 2 .9 ± 0.4 mg I kg x mi n 13.9% 
Different superscripts (a,b,c.d) mdlcat e statistically s'gl1lficanl d ifferences (P < 0 .05) between periods. 
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Figure 3 1. T he glucose clamp towl G lR 
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2.4.3 The steac(v-state g lucose infusion rate 

The amount (grams) of glucose infused during every 10-m inu te period of the fi nal 40 

minutes (t80 to t1 20) and the fasting body weight was used to calculate the SSG IR. The 

SSGIR was not affected by the individual time point measurements (P < 0 . 1574), but 

was affected by period (P < 0.000 I) as presented in Table 32 and Figure 32. T he 

difference between the control and 80% ME period tended to reach significance (P < 

0 .0774). 

Table 32. The gl ucose clamp SSG I R 

Pe riod Description Mean ± SO CV 
I Control ' 2.3 ± 0.5 mg / kg x min 19.9% 
2 rbST b 2. 1 ± 0.4 mg / kg x min 19.6% 

3 80% ME ' 2.3 ± 0.5 mg / kg x min 2 1.5% 

4 80% ME + rbST ' 2.2 ± 0 .5 mg / kg x mi n 23.3% 
Diffe rent superscnpts (a,b,c,d) mcilcatc stal lslIGllly slg l1l fi cant differences (P < 0.05) between periods. 
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Figure 32. The glucose clamp SSG IR 
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3. Plasma data 

3. I Data collected during the basal period 

3. I. I Il1dividl/al gil/case concentrations 

Plasma samples harvested after jugular venipuncture up to week 7 were ana lyzed for 

plasma glucose concentration. Plasma was collected fortnightly, on two consecutive days 

and data presented as the weighted average for all cows (n = 10 ) fo r each sampling day 

(Table 33 and Figure 33) . 

Table 33. Individual basal plasma glucose concentrations 

Day Mean ± SO CV 
7 58.2 ± 8.3 mwdL 14.3% 
8 57. I ± 6.0 mgldL 10 .6% 

2 1 59.7 ± 5.0 mgldL 8.4% 

22 6 1. I ± 4.9 mgldL 8.0% 
35 62.5 ± 4.7 mgldL 7.4% 

36 62.9 ± 2.4 mgldL 3.9% 
49 62.9 ± 2.9 mgldL 4.5% 

50 59.5 + 2.6 mgldL 4.3% 
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Figure 33. Individua l basa l plasma glucose concentration 
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3. 1.2 Average glucose concentration 

The weighted average of each week was calculated from the data prescnLcd in Table 33. 

The weekl y average basal plasma glucose concen trations were calcu lated as a weighted 

ave rage of thc two consecutive samples and are presented in Table 34 and Figure 34. 

Table 34. Mcan basal plasma glucose concentrations 

Week Mean 

I 57.6 
3 60.2 
5 62.7 
7 6 1.2 
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Figure 34. Mean basal plasma glucose concentration 
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3.2 Dala collected during the insulin challenge 

3.2. 1 The control period 

The glucose concentration in plasma was period ically determined from t- 30 up to tl 50 

minutes. rela tive to insulin injection. The data for the control period arc presented in 

Table 35 and Figure 35. Values represenl a weighted mean for all cows (n= 10) for each 

plasma sample. 

Table 35. Insuli n challenge plasma glucose concentrat ion (control) 

Time Mean ± SD CV 

l -30 66.4 ± 3.7 mwd L 5.6% 
l-20 67.3 ± 4.9 mwdL 7.3% 

l - IO 67.7 ± 4.3 mwdL 6.4% 

to 66.9 ± 4.3 mwdL 6.4% 

l 30 45.3 ± 4.6 mwdL 10. 1% 

t 60 50. 1 ± 5.6 mwdL 11.2% 

1 90 57.0 ± 5.6 mwd L 9.7% 
t 120 59.9 ± 6. 1 mwdL 10.2% 

l 150 62.9 ± 5 .7 mwdL 9.1% 
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Figure 35 . Insulin challenge plasma concentration (control) 
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3.2.2 The rbST period 

The plasma glucose concentration data periodically collected after insuli n injection , for 

the rbST treatment period are presented in Table 36 and Figure 36. 

Table 36. Insulin challenge plasma glucose concentration (rbST ) 

Time 

t - 30 
t - 20 
t - 10 
to 
t 30 
t 60 
t 90 
t 120 

t 150 

70 

65 

45 -

40 
-30 

Mean ± 
60.0 ± 
60.3 ± 

60.3 ± 
60.8 ± 
43.8 ± 
44.8 ± 
49.6 ± 
53.8 ± 
55.9 ± 

o 

SO CV 

5.0 mgldL 8.3% 
4.9 mgldL 8.2% 
5.0 mgldL 8.3% 
5.3 mgldL 8.8% 
4.4 ll1g1dL 10.0% 
6.7 ll1g1dL 15.0% 
6.6 mgldL 13.2% 
6.6 ll1g1dL 12.2% 
6.4 mgldL I 1.5% 

• 

30 60 90 120 150 
Time (minutes) 

Figure 36. Insulin challenge plasma concentration (rbST) 
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3.2.3 The 80% ME period 

Data of the 80% ME period was collected ± 7 days after energy res triction was 

commenced (Table 37 and Figure 37) and represents the average for all cows of plasma 

harvested in the insulin challenge. 

Tab le 37. Insulin challenge plasma glucose concentration (80% ME) 

Time Mean ± SO CV 

t - 30 63.9 ± 4.8 mgldL 7.5% 
t - 20 64.2 ± 5.4 mgld L 8.3% 
t- IO 63.9 ± 5.2 mgldL 8. 1% 

t o 63. 1 ± 5.5 mgldL 8.8% 

t30 42 .5 ± 5.2 mgldL 12.4% 

t 60 46. 1 ± 6.0 mgldL 13 .0% 

t 90 54.5 ± 5.9 mgldL 10.8% 

t 120 57.5 ± 5 .6 mgldL 9. 7% 
t 150 58.6 ± 5.0 mgldL 8.5% 
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Figure 37. Insulin challenge plasma concentration (80% ME) 
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3.2.4 The 80% ME + rbST period 

The glucose concentration in plasma was determined approximately I week after 

recombinant bST administration, during energy restriction (Table 38 and Figure 38). 

Table 38. Insulin challenge plasma glucose concentrat ion (80% ME + rbST) 

Time Mea 

( -30 63 .7 
( - 20 63.7 

( - 10 65 . 1 

to 64.6 
( 30 45.7 

(60 46.7 
( 90 53.8 
( 120 57 .5 

( 150 59.2 
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Figure 38. Insulin chall enge plasma concentration (80% ME + rbST) 
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3.3 Effect of treatments in the insulin challenge 

3.3. 1 The baselille g lucose cOllcentration 

The individual glucose concentrations determined at 10-m inute intervals from t-30 to to 

were analyzed using repeated measures between periods. There was no signi ficant effect of 

lime of sampling (P < 0. 1409) on glucose concentrat ion, wh ile period significantly 

arfected the base line plasma glucose concentrations (P < 0.0001) . The small difference 

between the 80% ME and the 80% ME + rbST period (Table 39 a nd Figure 39) tended 

to reach signifi cance (P < 0.0755). 

Table 39. The insulin challenge baseline plasma concentration 

Period Description Mean ± SO CV 
I Control ' 67 . 1 ± 4.2 mg IdL 6.3% 
2 rbST h 60.4 ± 4.9 mg /dL 8 . 1% 

3 80% ME ' 63.8 ± 5.0 mg /dL 7.9% 

4 80% ME + rbST ' 64 .3 ± 3.9 mg /dL 6. 1% 
Different superscnpts (a,b,c,d) mdlcate sta li stlCa ll y slgnlfi c:1I11 d ifferences (P < 0 .05 ) between periods. 
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Figure 39. The insuli n challenge baseline (plasma) 
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3.3.2 The baseline glucose A UC 

The average basel ine AUC calculated by summation of the areas of the trapezoids under 

the insulin challenge baseline (t- 30 through to) was affected by treatment (P < 0.0004) 

and res ul ts summarized in Table 40 and Figure 40. 

Table 40. The insulin challenge basel ine plasma AUC 

Period Description Mean ± SD CV 
I Control ' 20 16.2 ± 128.8 mg x min /dL 6.4% 
2 rbST h 18 10.5 ± 148.4 mg x min /dL 8.2% 
3 80% ME ' 19 15.7 ± 153.0 mg x min /dL 8.0% 

4 80% M E + rbST '" 1929.9 ± 111 .9 mg x min /dL 5.8% 
Different superscnpts (a,b,c,d) md lcalc statistica lly significant di ffere nces (P < 0 .05 ) between periods. 
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Figure 40. The insulin challenge baseline AUC (plasma) 
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3.3.3 The glucose AVe response 10 insulin injeclion (10 - 130) 

The AUC of the plasma glucose response phase lVas ca lculated by summa tion of the areas 

of the trapezoids between to to l 30. T hese values were corrected for the basel ine AUC to 

y ield t he corrected i\UC above the curve. T he d iffere nces between periods (P < 0.0034) 

are sum mari zed in Table 4 1 and Figure 4 1. The d iffere nce between period I a nd period 4 

reached sta t ist ica l sign ifi cance (P < 0.05), but it must be noted t hat th is was due to 

rounding (P < 0.05 14), while t he difference between peri od 3 and period 4 tended to 

reach signifi cance (P < 0.0734 ). 

Table 4 1. T he insu lin challenge plasma response AUC 

Perio d Descriptio n M ean ± SO CY 

I Control ' -333.8 ± 62 .8 mg x min fdl 18.8% 
2 rbST b -24 1.3 ± 60.3 mg x min fdL 25 .0% 

3 80% ME '" -333. I ± 84.5 mg x min fdl 25.4% 
4 80% ME + rbST IK - 275.2 ± 37.9 mg x mi n fd l 13.8% 

Diffe rent supe rscnpls (a,b,c,d) mdlcate stal lSlIGtlly slglll fi cant differences (P < 0 .05) between pe riods. 

2 3 

0 +--

-::J 
:g ·50 
= '§ 

·100 -
x 
eo 
E · 150 

" ~ 0 ·200 u 
~ 

G ·250 -
os b 
E 
~ ·300 " 

be 
E: 

·350 a ac 

Figure 41 . T he insu li n chall enge response AUC (plas ma) 
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3.4 Data collected during the hvperglvcaemic clamp 

3.4. 1 The control period 

T he glucose concentration III plasma was periodically determined from t-30 to t 120 

minutes after initiation of glucose infus ion , in the control period Crable 42 and Figure 

42). Values are presented as the weighted average for all cows of each plasma sample ± SO 

and CV. 

Table 42 . Glucose clamp plasma glucose concentration (control) 

Time Mean ± SO CV 

t - 30 64.6 ± 6. 1 mwdL 9.4% 
t -20 64.5 ± 6. 1 mwdL 9.4% 

t - 10 65.4 ± 7.0 mwdL 10.7% 

to 65.7 ± 6.7 mwdL 10.2% 

t20 11 5.4 ± I 1.4 mwdL 9.9% 
t 40 130.3 ± 9. 1 mwdL 7.0% 
t 60 132.7 ± 10.4 mwdL 7.9% 
t 80 133 .8 ± 8.0 mwdL 60% 
t 90 133.9 ± 5.4 mwdL 4.0% 

t 100 132.0 ± 5.9 mwdL 4.5% 
t 11 0 130.3 ± 5.9 mwd L 4.5% 

t 120 129.5 ± 5.6 mwdL 4.3% 
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Figure 42. Glucose clamp plasma concentration (control) 
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3.4.2 The rbST period 

Plasma glucose data collected for the rbST period is presented as the weighted average for 

each t ime point in Table 43 and Figure 43 . 

Table 43. Glucose clamp plasma glucose concentrat ion (rbST) 

T ime Mean ± SD CV 
t - 30 55 .4 ± 5.4 mgld L 9.8% 
t - 20 55.8 ± 7.0 mgldL 12.6% 

t - IO 55.3 ± 6.0 mgldL 10.8% 
to 54 .9 ± 6.8 mgldL 12.5% 
t 20 105. 1 ± 9.9 mgldL 9.4% 
t 40 12 1. 1 ± 9.0 mgldL 7.4% 

t 60 125 .3 ± 9.2 mgldL 7.3% 

t 80 125.3 ± 8.9 mgldL 7. 1% 

t 90 126.6 ± 9.2 mgldL 7.3% 
t 100 127.2 ± 6.9 mgldL 5.4% 
t 110 128.0 ± 7.5 mgldL 5.8% 
t 120 L25.4 ± 6.0 mgldL 4.8% 
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Figure 43. Glucose clamp pLasma concentration (rbST) 
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3.4.3 The 80% ME period 

The plasma glucose concentration of periodica lly collected samples of the 80% ME period 

is presenled in Table 44 and Figure 44 . 

Table 44. Glucose clamp plasma glucose concentration (80% ME) 

Time Mean ± SO CV 
1- 30 6 1.8 ± 6.4 mgldL 10.3% 
1-20 62. 1 ± 4.6 mgldL 7.4% 

1- 10 6 1.4 ± 5.5 mgldL 8.9% 
to 62.4 ± 6.5 mgldL 10.4% 

1 20 11 0.8 ± 6.4 mgldL 5.7% 
140 128.3 ± 6.5 mgldL 5. 1% 

L 60 130.7 ± 6. I mgldL 4.7% 

\ 80 129.7 ± 7.0 mgldL 5.4% 

1 90 132.0 ± 8.0 mgldL 6.0% 

1 100 129.5 ± 7.8 mgldL 6. 1% 

I I 10 127.4 ± I 1.0 mgldL 8.6% 
I 120 126.2 ± 10.7 mgldL 8.4% 
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Figure 44. Glucose clamp plasma concel1lration (80% ME) 
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3.4.4 The 80% ME + rbST period 

Approx imately I week following recombinant bST in jection during the encrgy rcstriction 

phasc, plasma glucose samples wcre collected du ring 2 hours of hyperglycacmia and the 

mcan plasma glucose concentration results arc presented in Table 45 and Figurc 45. 

Table 45 . Glucose clamp plasma glucosc conccntrat ion (80% ME + rbST ) 

Time Mean ± SO CV 

t -30 6 1.2 ± 3 .3 mgldL 5.4% 
t -20 60.5 ± 3.5 mgldL 5.7% 
t - 10 6 1.7 ± 4.7 ll1g1dL 7.6% 

to 62.0 ± 4.6 1l1g1dL 7.4% 
t 20 11 4 .3 ± 6.2 mgldL 5.4% 
t 40 129.6 ± 7.3 ll1g1dL 5.6% 
t 60 127.3 ± 7.7 mgldL 6. 1% 

t 80 129.6 ± 6.8 mgldL 5.2% 

t 90 13 1.2 ± 8.4 ll1g1dL 6.4% 
t 100 133.4 ± 6.7 mgldL 5.0% 
t 11 0 132.2 ± 6.9 ll1g1dL 5.2% 
t 120 129.7 ± 7.2 ll1g1dL 5.5% 
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Figurc 45. Glucose clamp plasma concentrat ion (80% ME + rbST) 
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3.5 Effect of treatments in the hvperglVG1emic clamp 

3.5.1 The baseline glucose concentration 

The individual plasma glucose concentrations determined at 10-minute interva ls from 

l-30 up to to were analyzed using repeated measures between peri ods. These values were 

unaffected by the t ime of sampling (P < 0 .5 195) , but sign ificant ly affected by treatment 

pe riods (P < 0 .000 I ). This data is summarized in Table 46 and Figure 46. 

Table 46. The glucose clamp baseline plasma concentration 

Period Descriptio n Mean ± SO CV 

I Contro l " 65.0 ± 6.2 mg IdL 9 .6% 
2 rbST b 55 .4 ± 6. I mg IdL I 1.0% 

3 80% ME ' 6 1.9 ± 5 .6 mg IdL 9.0% 

4 80% ME + rbST ' 6 1.4 ± 3 .9 mg /dL 6.4% 
Different sUJlersCrlpts (a.b,c,d ) ",d,cate statistica lly Slgnlfica nl d ifferences (I' < 0 .05) between periods. 
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Figure 46. The glucose clamp baseline (plasma) 
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