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GLUCOSE METABOLISM IN GROWING LAMBS

T J Kempton and R A Leng

Depantment 0§ Biochemistry and Nutrnition, University of New England,
Amidale NSW 2351, Australdia

£lucosé ontry rates were measured in lambs on two diets tu which various supplenents were
added in prder to produce a range of feed intakes and growth rates. In Experiment 1 the
lambs were given 1 low protein diet of caten chaff and supplemented with either urea,urea
gnd casein or nrec and formaldehyde-treated-(HCHO) casein. 1In Experiment 2 the lambs were
given a low protein diet of bagasse, sugar and lucerne chaff supplemented with urea  and
either fish meal, or rice bran or both.

Glucose entry rates were estimated from data obtained following a single injectivaef 230
glucose. Examination of the glucose eatry rates measured at intervals of 6 h  throughout
26 h period in lambs fed at frequent intervals indicated that there was no difference in
‘glucose entry rate measured during any of these periods. Therefore the entry  rate of
glucose estimated over a single 3 h pericd was taken to indicate the entry rate of glu-
cose {g/d) over the whole 24 h period.

Glucose entry ratcs were linearly related to DE intake, From the slope of this relation-
ship it appeared that 14,72 of the DE passed through the glucose pool.

Giucose entry rates uere linearly relaced to the rare of liveweight gain. Where lambs
wers growing at 250 g per day the glucose entry rate was 13.5 g/k30-75/d.
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in ruminants glucoge 1s provided by glucogenic precursors 1including pro-
pionate and amino acids, and also on some diets by its absorption from the
small intestines. In mature sheep, glucose entry rates have been shown to
increase linearly with an increase in digestible energy (DE) intake {(Judson
and Leng 1968; Lindsay 1970}. Similarly in cattle under a wide variety of
conditions DE intake appears to 'control' glucose entry rate (Herbein et al
1978; Smith et al 1979; Raja et al 1981).

3 In the studies presented here glucose entry rates were measured using
(2-"H) glucose in lambs on ad libitum intakes of a number of diets and
growing at different rates. There were linear relationships between  glu-
cose entry Tate and both DE intake and growth rate.

Materials and Methods

Expendimental animafs: Border Leicester X Merino wether lambs {(average
weight 21 kg) were held in individual pens on slatted floors in an animal
house.

Experiment 1:

Desdign and tneatments: Four lambs were allocated at random to each of
the five treatments described below. A basal diet of oaten chaff which cou
tained (g/kg chaff) 5 NaCl, 5 Nap504 and 5 mineral mix (Kempton and Leng



246 ' KEMPTON & LENG

quenching using the chanmnels ratio method of Bruno and Christian (1961).
Radioactivity in the glucose of the injected solution was also assayed as
the pentaacetate derivatives. '

Faeces were digested by the method of Stevenson and De Langen (1960)
and chromium content determined on an atomic alsorption  spectrophotometer
(Perkin-Elmer Australian Pty Ltd, Melbourne, Australia) using an acetylene-
nitrous oxide flame.

Caleulations: The specific radioactivity-time curve of plasma glucose
following a single injection of tracer was plotted on semilogatithmic  co-
ordinates and a straight line fitted by least squares to the initial recti-
linear portion of the curve, which was apparent from about 20 min to 3 h
post injection of the isotope. The log specific radioactivity of glucose
with time was a single exponential equation and therefore pool size(g) ,half
time (t 1/2; min) and glucose entry rate (mg/min) were calculated assuming
that a firt order dilution process applied as described by Judson and Leng
(1972).

In Experiment 1, the digestible energy (DE) intake of lambs was calcu-
lated assuming the DE content of oaten chaff and casein was 6.8 and 18.3 MJ
kg/DM respectively.

Statistical methods: Comparison between treatment effects was made by
analysis of variance. Differences between mean digestibility cvefficients
of animals given the individual diets in Experiment 2 were tested using anal

ysis of covariance with organic matter intake as the covariate (Snedecor and
Cochran 1968).

Results

Dy matten intake and Liveweight gain.

Experiment 1: The diets (basal, U, U+ C, U+ F/C and U + C + F/C) con
tained on average 90% DM and 9.0, 18.9, 30.7 and 30.7 g N/kg DM respectively.
Mean values for the intake (g/d) liveweight gain (g/d) and calculated feed
conversion ratio for each diet are. given in Table -1. Dietary supplemented

Table Tt

‘Pry matien intake, Livewe{ght gain and feed convension of Lambs given a basal diet of oaten chagf
and supplements of wrea (U}, casein (C] on formaldenyde-treated casein (F-C) (Experiment T}

Basal i} U+C U+F/C U+CHE/C SER Signif.
DM intake, kg/d 493 5316 519 620 . 570 143 NS
Initial LW, kg/d 22,9 23.0 22,3 22.7 . 22,7 + .86 NS
¥ change, g/d 98 33® 23%P 50° 60° + .33 P<,001
Feed conversion! 55 16 23 12 10 - -

abe
Values within same row with the same superscripts are not significantly differeat.

1 DM intake/IL¥ change, kg/kg.
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of HCHO-casein and soluble casein plus HCHO casein significantly (P < .001)
increased liveweight gain. Live weight gain (Y, g/d) was related to DE in-
take (X, MJ/d) on all diets and was described by the equation:
Y = 27.3 (+ 5.18)X - 74.4 R> = 0.60 RSD = 21.0
Experviment 2: The diets contained on average 94% DM and 18 MJ gross
energy/kg DM. Supplements of 12.5% fish meal, and 25%Z fish meal and 25% rice
bran in the basal diet significantly (P < 0.001) increased DM intake and
liveweight gain of lambs in comparison with that in lambs given the basal
diet (Table 2). The greatest response in both DM intake and liveweight gain
was to supplementation with fish meal at both levels or 12.5% fish meal and
12,5% rice bran. Liveweight gain (Y, g/d) was related to DE intake (X,MJ/d)
on all diets and was described by the equation:
Y - 23.6 (+ 4.90)X - 55,7 R = 0.49 RSD = 50.5
Organic matter digestibility was significantly (P < 0.05) greater on
the 25% rice bran supplemented diets in comparison with all the other diets,
which were not significantly different (Table 2).

Table 2:

Mean values (n=5} for dry matter (DM} intake, average daily gain and cateulated feed convernsion
Aatio of Lambs ir Experiment ? given a basal diet of bagasse, sugan and Lucerne chaff for a 5
week period. Supplements were 12.5 or 25% 4ish meal (F), 72,5 on 25% nice baan (RB) and 12.5%
F plus 12,5% RB. Mean vafues for onganic matten {Oh) digestibility odjusted 2o a common OM in-
dake by covariance analysis ane clso given

Basal Basal diet plus: SER Signif.
dlet 15 s¢  25F  12.5RB  25RB  12.5F+12.5RB

N 1o diet, g/kg DM 20 29 37 21 21 27
bM intake, g/d 4512 665P¢ 734 4973 622P 728¢ 31, P<.001
Initial IV, kg 20,6 20.9 21.1  20.8 21.1 21.0 1.16 NS
LW change, g/d 408 171 191¢ 63 129b 197¢ 13 P<.001
Feed conversion! 11 4 4 8 5 b

OM digestibility, ¥ 63.7%° 62.92% 62.6%% 68.6°¢ 72.7° 57,52 3.262 p<.053

abcyalues within the same row with the same superscripts are not significantly different.
1pM intake/LW change, kg/kg.
25E of adjusted means.

3getween adjusted means.

Gucose metabolism: The relationship between the specific radio-activi
ty of glucose in plasma with time in the four experimental periods over one
day for one animal is given in Figure 1. There were no significant differ
ences between the means of the four estimates of glucose entry rate (mg/min),
pool size (mg), t 1/2 (min) or plasma glucose concentration (mg/100 ml)over
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the 24 hr period (Table 3). Glucose space (%) was, however, significantly
(P < 0.01) lower in all 4 lambs as estimated from the results of the last
two injections in comparison with the first two injections.

Table 3:
Parameters of glucose metabolism estimated in lambs at é intenvals over 24 h A somle
injection of (2-3H) afucose was uded on each occasion. values ane the mean of 4 animals
Estimation
SEX
1 2 3 4

TH' min. 54 55 55 53 1.7
Pool, g 3.0 3.3 2.6 2.4 0.25
Space, litres 4.8P 5.3P 4.0 3.62 0.2
Glucose entry rate, mg/min. 39 41 2.8
Plasma glucose concentration, mg/l00 ml 63 62 68 65 1.7
ab,

Values within the same row with the same suprrscripts are not significantly different
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Glucose entrny rate in nelation to feed intake and growth rete: Glucose
entry rate (g/d) increased directly in response to an increase in DE intake
(MJ/d) and therefore liveweight gain and glucose entry rate were linearly re
lated. Since there were no significant differences between the slopes and
intercepts of the relationships for lambs in the two experiments, the results
were combined. The relationship between glucose entry tate (g/d) and DE in-
take (MJ/d) is given in Figure 2. The relationship between glucose entry ra
te corrected to metabolic body weight (Y: g/kg W0-/5/4) and DE intake correc
ted to metabolic body weight (X: MI/kg0.75/d) was given by the equation:

Y=8.6 (+0.96)X+3 R®=0.65 RSD= 1.32

Figure 2:

Glucosde entry rate fV:a/ngI“/dl £ aelation 2o Cigealible
enengy intake (X:MI/ka3/4/d in Lambs given @ basef diet of
either oaten chaff 10) on bagaase, sugan and fucerne chafi
(0). The negression equation (with the SE of the aegres-

44on coefficient) of qliucose aate on digeatible wengy
e L4
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The relationship between liveweight gain (Y: g/d) and glucose entry ra-
te (X: g/kg W0-75/d) was given by the equation (Figure 3):

Y = 27.3 (+ 3.09)X - 122 R? = 0.64 RSD = 45

Discussion

Growth: In the estudies presented here, feed intake and lamb growth
were increased by adding fish mean or HCHO-casein to the basal low protein
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Figure 3:

Av ¢ daity gain 1Y: g/d] in relation 1o g{uiose entry
nn::é?v: g/hg394/d] in Rambs given a basal diei of esithen
oaten chagfd (0) on bagasse, sugat and fucerne chafd (0},
The negresddon equaiion lwith the SE of the Aregression

coefficient] of average daily gain on glucose entry nate
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diets. Rice bran was only effective at a high level (25% of diet DM) pre-
sumably because of its lower protein content. These findings support  the

concept that a deficiency of bypass protein limits feed intake (see for
review Kempton et al 1977).

Glucose hinetics: The single injection method of isotope dilution was
preferred in these studies because of the ease of carrying out such experi-
ments in a large number of lambs. Preliminary studies indicated that in
lambs fed at regular intervals, glucose entry rate over a day could be mean
ingfully predicted from that measured over a 3 h period (Table 3). However,
glucose space and pool size were apparently decreased by 25% and 207 respec
tively in the experiments carried out overnight (Tabla 3).

In this study, glucose entry rate varied with liveweight gain and DE
intake, and additional 44 g glucose/d being synthesised for a livewwight in
crement of 100 §/d. At zero liveweight gain, glucose entr, rate was 48 g/d
or 4.5 g/kgW0'7 /d, which is within the range of values for glucose  entry
rate obtained from mature sheep at maintenance (from Leng 1970). In lambs
in which liveweight gain varied from 50 to 250 g/d, between 70 and 157 g
glucose/d {or 6.3 to 13.6 g/kgW0.75/d) passed through the gluccse pool. Fur
thermore, extrapolationg from the realtionship between glucose entry and
liveweight gain for lambs growing at close to the maximum rate of 400 g/d
(see Orskov et al 1974) indicated that 222 g glucose/d (or 19.1 g/kgW0:75/d)
would by synthesised. This rate is similar to the glucose entry rate in
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ruminants in other highly productive states. TFor instance, in lactating
cows, average §1ucose entry rates were 19 to 22 g/kg0.-73/d in comparison
with 10 g/kgl:7/3/d in non-pregnant non-lactating cows (Wiltrout and Satter
1972; Herbein et al 1978).

Glucose entry rate was directly related to the DE intake of lambs. For
an increase in DE intake of 1 MJ/d an addition 9.4 g glucose was synthe
sised. This suggests that 14.7% of an increase in DE intake above mainte-
nance apparently passed through the glucose pool. At maintenance (2.05 MJ
DE/d) 37% of the DE intake passed through the glucose pool.

Pigure 4 shows the relationship between glucose entry rate (g/kg
and DE intake (MI/kg0-75/d) in lambs (this study), mature sheep (Judson and
Leng 1968; Lindsay 1970), calves (Young et al 1974), steers (Yost al 1977;

0.75/d)

Figuae 4: (/b 9 jﬂld’ and DE
efation batween glucose entay aale 57T oE
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Herbein et al 1978; Smith et al 1979) and lactating cows(Wiltrout and Satter
1972; Clark et al 1977). It is evident from this relationship that esti-
mates of glucose entry rate may possibly be used to predict DE intake in ru-
minants under different dietary and production conditions.

0of particular interest is that, in ruminants on certain diets, consider
able amounts of dietary carbohydrates may escape rumen fermentation and pass
intact to the small intestines where they are digested to glucose(see review
by Armstrong and Smithard 1979). Glucose is readily absorbed fron the small
intestines (@rskov et al 1971) and would contribute to the total DE availa
ble to the animal, altrough the absorbed glucose may reduce gluconeogenesis
(Annison and White 1961; West and Passey 1967). It may be necessary, there-
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fore, to re-examine the relationship between glucose entry rate and DE in~-
take and liveweight gain in ruminants given diets in which a considerable
portion of the dietary carbohydrate is digested in the intestines before at-
tempting to use any relationship for predictiom.
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