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Nutrient Balance and Glucose Metabolism of Female Growing, Late
Pregnant and Lactating Etawah Crossbred Goats®

D. A. Astuti, D. Sastradipradja* and T. Sutardi’
Department of Physjology and Pharmacology, Faculty of Veterinary Medicine
Bogor Agricultural University (IPB), Bogor 16151, Indonesia

ABSTRACT : A study involving nutrient balances and radioisotope labeling techniques was undertaken to study energy
and protein metabolism, and glucose kinetics of female crossbred Etawah goats, using 12 weaned (BW 14.0+2.0 kg), 12
late pregnant (BW 27.8+1.8 kg) and 12 first lactation does (BW 25.0%x5.0 kg). Each class of animal was randomly
allotted into 3 dietary treatment groups R1, R2 and R3, that received 100%, 85%, and 70% of ad libitum feed. The rations
offered were pellets containing 21.8% CP and 19.3 MJ GEf/kg, except for the lactating does who received pellets (17.2%
CP and 189 MIJ GE/kg) and fresh Penisetum purpureum grass. Energy and nitrogen balance studies were conducted during
a two-week trial, Daily heat production (HP, estimated by the carbon dioxide entry rate technique), glucose pool and flux
were measured. Equations were found for metabolizable energy (ME) and protein intake (IP} requirements for growing goats:
ME (MJ/d)=1.87+0.55 RE - 0.001 ADG+0.044 RP (R’=0.89) and IP (g/d)=48.47+2.99 RE+0.029 ADG+0.79 RP (R’=0.90);
for pregnant does: ME (MI/d)=5.92+0.96 RE - 0.002 ADG+0.003 RP (R*=099) and IP (g/d)=58.34+5.41 RE+0.625 ADG -
030 RP (R=098); and for lactating does: ME (MJ/d)=4.23+0.713 RE+0.003 ADG+0.006 RP+0.002 MY (R’=0.86); IP
(g/d)=84.05 - 5.36 RE+0.055 ADG - 0.16 RP+0.068 MY (R*=0.45), where RE is retained energy (MJ/d), ADG is average
daily gain in weight (gfd), RP is retained protein (gfd) and MY is milk yield (ml/d). ME and IP requiremems for
maintenance for growing goats were 0.46 MIJ/d.kg BW®™ and 7.43 g/dkg BW™™, respectively. Values for the pregnant and
lactating does were in the same order, 0.55 Ml/dkg BW®” and 11.7 g/dkg BW®”, and 0.50 MJ/d.kg BW’” and 10.8
gidkg BW", respectively. Milk protein ranged from 3.06 to 3.5% and milk fat averaged 5.2%. Glucose metabolism in
Etawah crossbred female goat is active, but glucose flux is low compared to temperate ruminant breeds which may
implicate its role to support production. (Asien-Aus. J. Anim. Sci. 2000. Vol. 13, No. 8 : 1068-1075)
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INTRODUCTION of production in the Asian region. Thus, to achieve
the objective of high performance, every effort must

Small ruminant production plays an important role be made to improve the prevailing feeding and
within farming systems in the humid tropics of management practices (Devendra, 1993).

Southeast Asia as an income-generating activity, as a The Etawah (milk producer) and the Kacang (meat

living bank for emergencies and large expenses, as a
source of fertilizer for crops, as well as playing an
important role in the social life of the village
{(Wodzicka-Tomaszewska et al., 1993). Of the factors
affecting small ruminant productivity, feeding and
nutrition are the most opportune method for
improvement. Inadequate nutrition, consistent with a
low level of production, remains a prominent feature

* Corresponding Author: D. Sastradipradja. Tel: +62-251-
328487, Fax: +62-251-323161, E-mail: d@indo.net.id.

' Department of Animal Nutrition, Faculty of Animal
Husbandry, Bogor Agricultural University, Darmaga I[PB
Campus, Bogor, Indonesia.

* Supported by research grant mos. 021/P4M/DPPM/PHB/92
and PHB 1/2/93, 61/P4M/ DPPM/94/PHB 1/3/1994, 004/
P4M/DPPM/95/PHB [/4/95 and 08/P2IPT/DPPM/96/PHB V(I
V{1996 from the Directorate General of Higher Education
of the Department of Education and Culture of the Republic
of Indonesia.

* Preliminary data on the growing goats have been
presented previously (Astuti et al., 1998),

Received June 29, 1999; Accepted September 18, 1999

animal) are indigenous breeds of goat of Indonesia
and Malaysia which are small in body size but well
known for their prolificacy. Crossings between the
breeds is common. Research is vital o stimulate
increased production from goat with clearer focus on
feeding and nutrition, and physiology (Devendra,
1993). Glucose in Tuminants, where absomption from
the gut is small, is equally important and its
utilization is greater during pregnancy and lactation
(Battaglia and Meschia, 1981; Miller et al., 1991;
Freetly and Ferrell, 1997). Glucose is believed to play
a key role in regulating lactation (Mepham, 1993).
Gluconeogenesis (GNG) thus becomes of prime
importance for the ruminant body as a whole. There is
a paucity of information on indigenous ruminants of
the humid tropics on the role glucose plays to support
the animal’s survival and production performance. The
present research™ documents some aspects of nutrient
utilization in growing, pregnant and lactating crossbred
Etawah goats, including glucose kinetics of this animal
breed.
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NUTRIENT AND GLUCOSE METABOLISM IN ETAWAH CROSSBRED DOES

MATERIALS AND METHODS

Animals and feeding

Twelve female crossbred Etawah goats (6 to 8
months oid, BW 14.0£2.0 kg), 12 late pregnant (BW
27.8£1.8 kg, 4th month pregnancy; no distinction was
made between single and twin pregnancies) and 12
first lactation does (BW 25.0+50 kg, 3rd week
[actation) were used for up to two months. Each class
of goat was randomly aliotted into 3 dietary treatment
groups (R1, R2Z and R3), anticipated to consume
100%, 85%, and 70% of ad libitum feeding,
respectively. The rations offered were pellets
containing 21.8% CP (crude protein)} and 19.3 MJ GE
(gross energy)/kg, except for the lactating does who
received pellets (17.2% CP and 189 MIJ GE/kg) ad
{ibitum plus fresh Penisetum purpureum grass (11.1%
CP and 17.6 MJ/kg). In preliminary measurements, ad
hibitum intake was 70 g DM/d.kg BW*” of pellets
and feeding levels were offered to the animals on this
basis. The nutrient composition of the rations is
presented in table 1. A one-month feed adaptation
period for the growing goats was allowed before
energy and N balances were measured during a
two-week trial, compsising 4 days to get the animals
accustomed to the metabolic cages and level of
feeding, followed by 10 days total collection of
excreta and unconsumed feed. Adaptation to the
experimental feed for the pregnant does started from
the 3rd month of pregnancy onward whereas the
lactating does started to feed on the experimental
ration from the last 2 weeks prior to parturition
onward. Similar balance and other experimental data
were collected on pregnant and lactating does as for
the growing goats, during the 4th and Sth month of
pregnancy and the 3rd to 4th week of lactation up to
2 months thereafter. Data on daily milk yield (MY)
was obtained by twice daily hand milking following
injection of oxytoxin (0.5 U). Milk protein was
estimated from N content analyzed by the micro-
Kjeldahl method and milk fat and lactose according to
AOAC (1970). Milk energy was calculated using the
heat of combustion values of 23.85, 3850 and 16.74
kJfjg of milk protein, fat and lactose, respectively.
Animals were weighed once a week and their
metabolic body size was calculated. A completely
randomized design with one way classification for
each group was adopted. Data on average daily gain
{ADG) were obtained from body weight changes
during the 2 week balance period. Daily heat
preduction (HP), glucose kinetics (glucose pool and
flux) and estimation of the rate of GNG involving
CO; fixation reactions were measured by the carbon
dicxide entry rate technique (CERT) combined with
single pulse labeling of glucose-2-’H as previously

1069

described (Sastradipradja et al., 1976, Manik and
Sastradipradja, 1989; Sastradipradja, 1992) applying the
double labeling technique. The CERT measurements
were completed within one week after termination of
the balance wrials. Measurements of body HP by
CERT are uncertain if there is extrapolation of HP
measurements during less than 24 h, ie. 4 to 5 h in
the present technique, to a 24 h period. Therefore, a
uniform level of the daily animal’s metabolic processes
were attained by confining the.goats in stalls indoors
allowing limited physical activity only and a quiet
environ. A feeding regimen offering the goats equal
paris of the daily ration at 4 h intervals attempted to
produce a steady state of digestion and metabolism
during the time span of 24 h. Steady state condition
was achieved by this procedure as evidenced from 24
h or more continuous monitoring of heart rate using
Polar Sport Tester P-3000 HR Monitor (Polar Electro
Oy, Finland) on a few goats.

Calculations

For the calculation of energy balance, energy loss
via ruminal methane production was estimated to be
8% of GE intake (Edey, 1983) and urinary energy
loss (UE) as urinary-N times 34.0 kJ/gN, which factor
was computed from the difference between the in vitro
and in vivo heats of oxidation of protein times 6.25
(Brody, 1945). RE (retained energy) was estimated as
the difference between metabolizable energy (ME) and
HP. Catabolized protein was calculated as urinary N
multiplied by 6.25, while digested protein (DP) was
calculated from intake protein (IP) multiplied by %
protein  digestibility. Retained protein (RP) was
calculated as the difference between DP and
catabolized protein. For lactating does RP and RE
values included milk protein and energy, respectively.
The glucose flux was estimated from the exponential
decrease in plasma 3I~I-glucose specific activity (SA).
Glucose pool size was calculated by dividing dose of
injected 3H-gluc:ose by the SA wvalue found from
extrapolation of ‘H-glucose SA to zero time. Glucose
space of distribution was calculated by dividing pool
size by plasma glucose concentration, expressed as %
BW. From CERT, which involved an experimental
approach of primed infusion of label '“C-bicarbonate,
CQO, production rate was calculated as the ratio
between rate of tracer bicarbonate infused and the
plateau specific activity (SA) of CO; (achieved at 3 to
5 h after start of tracer infusion) and transformed into
HP (Young et al, 1969). CERT also served as a basis
for the calculation of the transfer quotient (TQ)
between CO; and glucose to assess the extent of CO»
fixation in GNG, such as from propionate, lactate,
alanine and pyruvate. These precursors of glucose
require the formation of oxaloacetate via intra-
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Table 1. Nutrient composition of rations for experimental female Etawah crossbred goats

. Concentrate
Nutrient Grass
Growing and pregnant Lactating
Dry matter (% of feed) 88.86 89.16 15.77
Crude fiber (% DM) 15.16 9.80 37.73
N-free extract (% DM) 54.00 58.17 39.89
Fat (% DM) 3.44 7.40 2.47
Crude protein (% DM) 21.79 17.16 11.10
Ash (% DM) 5.6 7.47 9.04
-Caleium (% DM) 0.58 1.90 0.89
-Phosphorus (% DM) 0.42 0.69 071
Energy (MJtkg) 19.31 18.88 17.63

mitochondrial carboxylation (CO; fixation) which must
pass into the cytosol for phospho-enolpyruvate
formation and subsequently to synthesis of glucose
(Ballard et al, 1969). Since '“C SA of metabolites
were expressed as radioactivity per gram-atom of
carbon, the theoretical maximum of T-Q from
COg-carbon into glucose-carbon would be 16.7%
(Sastradipradja et al,, 1976, Manik and Sastradipradja,
1989). The rate of GNG involving CQ; fixation was
found by multiplying glucose flux by the TQ times 6.

Statistical analysis

The significance of difference between means was
compared ustng Duncan’s Multiple Range Test after
ANOVA for one way classified data (Steel and Torrie,
1986). Using a stepwise multiple regression analysis of
independent metabolic data (ME, RE, ADG, IP, RP
and MY), equations for ME and IP requirements were
developed. The computer program MINITAB/SPSS
release 6.1 (1988) was used for the multiple regression
procedures.

RESULTS AND DISCUSSION

The results of the digestibility and metabolism
studies are presented in table 2.

Growing goats _

The average intake of the ad libitum group (R1)
of growing goats was 466 g/d DM comesponding to
an intake of 3.3% BW containing 8.53 MJ/d GE and
102 g/d CP. Groups R2 and R3 consumed 74% and
65% of ad libitum intakes respectively instead of the
respective anticipated 85% and 70%. About the same
values were obtained if calculated based on protein
intakes. The percentage intake levels deviated further
from those anticipated if based on DE or ME intakes
indicating that the digestion and subsequent metabolism
of nutrients were influenced by gastro-intestinal fill
and physiological response of the animal. Average ME
values for R2 and R3 were 54% and 51% of that of

R1, respectively.

From the data in table 2 on performance
parameters, relationships between these parameters and
ME intake could be established. Empirical equations of
best fit to telate these data to ME were as follows.

HP (MJ/d)=2.76+0.173 ME (MJ/d) =040) (1)

RE (MJ/d)=[ME (MJ/d.kg BW®™) - 0.46)/0.122
r=091) (2

RP (g/d)=1.28+10.355 ME (MJ/d) r=0.89) (3

IP (g/dkg BW*?)=743+0.104 RP (g/d) (1=0.80) (4)

Due to excitable behavior, the tropical Etawah
crossbred goat might have shown higher metabolic
rates and, consequently, HP values varied widely
between animals, resulting in the low correlation
between HP and ME (eq. 1). HP values were 1.7
times basal metabolic rate (BMR) for R1 as compared
to 153 and 149 times BMR for R2 and R3,
tespectively. HP during 24 h could be predictable by
CERT to within about 10% to 15% (McLean and
Tobin, 1987, Elia et al., 1988).

To calculate nutrient requirements for survival,
health and production, eq. 2 was used to calculate
maintenance ME (MEm) rtequirement and a value of
046 MI/dkg BW'™ was found. Similarly, eq. 4
resulted in a value of 7.43 g/dkg BW®” for IP
requirement. ME intake for R1 would be 1.48 times
MEm, while for R2 and R3 the intakes were lower
than maintenance, resulting in negative RE values.

The present investigation tried to incorporate
independent parameters RE, ADG and RP into a
mechanistic description of nutrient requirement for
growth using a stepwise multiple regression analysis
resulting in the following equations for ME and IP
requirements:

Growing:
ME (MJ/d)=1.87+0.55 RE - 0.001 ADG+0.044 RP (5)
(R*=0.89)
(p=0.01 intercept; p=0.03 RE;



NUTRIENT AND GLUCOSE METABOLISM IN ETAWAH CROSSBRED DOES 1071
Table 2. Mean values of digestion and metabolic parameters of growing, late pregnant and lactating female
Etawah crossbred goats
Nutritional Growing Pregnant Lactating
parameters R1 R2 R3 SEM' RI R2 R3 SEM* RIl R2 R3 SEM’
DM intake (g/d) 466" 342 305 22 939" 805° 672" 50 864 764 620F 38
Protein intake (g/d) 102*  75* 66" 70 142° 119° 96 1622 158° 1527 135 17
Energy intake (MJ/d)  gs53* 627" 558° 042 1734° 14.48% 1229° 033 1598 1407 1138 0.66
DM digestibility (%) 61 57 56 50 57 53 59 61 70 69 65 7.0
Prot. digestibility (%) 79°  6® 71 38 74 6 73 7.19 56 53 52 4.9
Energy digest.(%) 67° 522 55 76 56 52 57 4.02 59 57 68 48
Digestible prot. (g/d) 81° 52° a7 45 99 818 70 76 8% 81" 70° 6.82
ME intake (MJ/d) 493 264" 2.52° 131 814" 615 3505 063  7.85° 6627 651" 112
ME/DE (%) 86* g1 81" 09 82 8 81 59 83 82 84 2.60
HP (MJ/d) 362 325 317 045 723 6090 461" 12 628 546 521 109
Catab. protein (g/d) 27.58 2202 2206 7.09 9206 72.1° 6398 1538 5661 5568 5473 6.71
RE (MJ/d) 131° -061° -065° 038 2677 003" 044° 021 157 116 130 062
RProtein (g/d) 53.42° 29‘.398" 24.94° 469 1458 & 6 117 319" 2532" 1427° 329
ADG (g/d) 147° 95 57° 118 118° 984 &0 714 78 39 23 323
Milk protein (g/d) 21.38" 1436' 1379 147
Milk fat (g/d) 32" 1625 1183 4.1l
Milk lactose (g/d) 30 15.75" 1550 2.25

244" 184" 117 076

Milk energy (MJ/d)

Rl=ad libitum feed intake; R2=Anticipated 90% of ad libirum intake; R3=Anticipated 80% of ad libitum imake (see text for

detailed description).

Values in a tow differing letter superscripts **° for growing, % for pregnant and *'* for lactating goats, respectively, differ

significantly at p<0.01 level.

SEM', SEM’, SEM’=Standard error of the means due to treatment R1, R2 and R3 for female growing goats, pregnant and

lactating does, respectively.
DM=Dry matter, ME=Metabolizable energy;
ADG=Average daily gain.

HP=Heat

p=0.55 ADG; p=0.04 RP)

IP (g/d)=48.47+2.99 RE+(0.029 ADG+0.79 RP
(R*=0.90)
(p=0.001 intercept; p=0.28 RE;
p=0.29 ADG; p=0.006 RP)

(6

The fact that positive RP and ADG were obtained
for R2 and R3, while on the other hand RE values
were negative needs some explanation. Calculation for
the case of R2 shows that RP of 29.98 g/d would be
expected to be equal to an increase of 166 g body
mass and a gain of 0.63 MJ of energy. RE however,
is negative i.e. -0.61 MJ, thus a loss of fat has taken
place equivalent to 0.63+0.61=1.24 MIJ or 33 g. Body
mass increase would then be 166 - 33=133 g compared
to the measured ADG value of 95 g. The discrepancy
may have been caused by inaccuracies of measure-
ments,

Pregnant and lactating does

Similar to the sitnation with the growing goats, the
actual intakes of the pregnant and lactating does (table
2) were different from the anticipated amounts

production;

RE=Retained energy; RProtein=Retained protein;

consumed. Thus, R2 and R3 intakes for energy for
both groups were around 87% and 72% of ad libitum
intakes, respectively. For protein intakes, the values
were 84% and 68% respectively for the pregnant
goats, but 96% and 85% respectively for the lactating
does. The lactating does had more favorable protein
intakes as compared to their pregnant counterparts
being 96% (R2) and 85% (R3), respectively. This
phenomenon was due to the fact that although the
amounts of pellets offered were rationed, all lactating
does had, in addition, access to ad libitum grass
feeding. The R2 and R3 groups consumed feeds with
a higher protein-energy (P/E) ratio than the R1 group,
108 and 11.9 g/MJ versus 9.9 g/MIJ. As a result R3
consumed +15%ME and +11%DP above the anti-
cipated amount. ME intakes for R1 and R2 for the
pregnant does were tespectively 1.49 and 1.13 times
MEm (0.46 MIkg BW®”) while for R3 it was
slightly less than maintenance. For the lactating does
the values were in the same order 1.53, 1.29 and 1.27
times MEm. The Rl and R2 intakes for the growing,
and all groups for the pregnant and lactating does
were within the range of NRC recommendations
(1981). :
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Table 3. Parameters of glucose kinetics of female growing, late pregnant and lactating goats

o Growing Pregnant Lactating
Glucose kinetic parameter . .
Rl R2 R3 SEM' RI R2 R3 SEM’ R1 R2 R3 SEM’
Plasma concentration (mg/dl)  9525° 84.25° 80.0° 47 129° 114° 109° 51 104 99 99 50
Pool size (g/animal) 4.03* 2.50° 1.70° 082 475° 3.19™ 227° 16 3.30° 222" 196 043
Distribution space (% BW)  30.0° 21.50° 18.50° 583 29.04" 11.11° 100° 12 120 90 70 30
Glucose flux (mg/minanimal) 21.02° 12.20° 6.68° 3.60 24.63° 9447 508% 45 29432420 1446 2.90
(mgminkg™™™)  231° 1.50° 0.83° 060 193° 075 036°072 215" 1.88"¥ 1.14 062
Transfer quotient=TQ (%) 16.25" 13.75° 15° 140 18.0° 14.44® 124° 35  14.73 13.63 1475 195
GNG inv. CO; fix. 20.95° 10.20° 6.15° 33  28.06° 18.42° 9.0° 556 26.09° 19.90° 12.74" 666
(mg/min.animal)
ME (from table 2) (MJ/d) 493° 264" 252° 131 814" 6.15° 505 063  7.85" 6627 651y 112

Rl=ad tibitum feed intake; RZ2=Anticipated 90%
See text for detailed description.

Values in a row differing letter superscripts, *™ for growing, ®* for pregnant and

differ significantly at p<0.01 level.

of ad libitum intake; R3=Anticipated 80% of ad libitum intake.

"% for lactating goats, respectively,

SEM', SEM’, SEM’=Standard error of the means due to treatment R1, R2 and R3 for female growing goats, pregnant and

lactating does, respectively.

GNG inv. CO- fix.=Gluconeogenesis involving CO, fixation; ME=Metabolizable energy.

Parallel to ME intakes, HP in pregnant and
lactating does were elevated reaching 1.30 (R3) to 2.0
times BMR (R1) for the pregnant group and 1.59
{R3) to 192 times BMR (R1) for lactating does.
Equations for energy and protein requirements were
derived (A) and, in addition, multiple regression
analysis was also performed on the data of
independent metabolic and performance parameters (B).

Pregnant:

A.HP (MJjd)=4.96+0.156 ME (MJ/d) (r=0.41) )
ME (MJjdkg BW®*)=0,55+0.088 RE (MJ/d)  (8)
(r=0.98)

IP (g/dkg BW®™)=11.72 - 0.028 RP (g/d) )

(r=0.25) _
B. ME (MJ/d)=5.92+0.96 RE - 0.002 ADG+0.003 RP

(R*=0.99) (10)
(p=0.01 intercept; p=0.001 RE;

p=0.77 ADG; p=0.72 RP)

IP (g/d)=58.34+5.41 RE+0.625 ADG - 0.30 RP
(R*=0.98) an
(p=0.007 intercept; p=0.01 RE,

p=0.007 ADG; p=0.05 RP).

Lactating:

A.HP (MJ/d)=5.45+0.029 ME (MJ/d) (r=0.60)  (12)
ME (MJ/dkg BW*™)=0.50+0.068 RE (MJ/d)  (13)
(=0.87)

1P (g/dkg BW*®)=10.81 - 0.02 RP (g/d) (14)

(©=0.22)

B. ME (MJ/d)=4.23+0.713 RE+0.003 ADG+0.006 RP+
0.002 MY ) (15)
(R*=0.86); (p=0.0009 intercept; p=0.0004 RE;
p=0.44 ADG; p=0.55 RP; p=0.10 MY);

MY=milk yield in g/d.
IP (g/d)=84.05 - 5.36 RE+0.055 ADG - 0.16 RP

+0.068 MY (16)
(R*=0.45); (p=0.004 intercept; p=0.11 RE;

p=0.63 ADG; p=0.59 RP, p=0.10 MY).

Calculations show that MEm and IPm for pregnant
goats were 055 MJjdkg BW®™ (eq. 8) and 117
gid.kg BW®”? (eq. 9), rtespectively, and for the
lactating does 0.50 Mljd.kg BW*” (eq. 13) and 10.8
g/dkg BW®™ (eq. 14), respectively.

Summarizing the data on energy and protein
metabolism of growing, pregnant and lactating goats,
ME maintenance requirements of pregnant and
lactating crossbred Etawah goats were 1.2 and 1.08
times MEm growing requirement, respectively, while
IP maintenance requirements were in the same order
1.5 and 145 times IPm of growing requirement. The
physiological condition of the goat has a definite
effect on maintenance requirements.

The data on milk reveal that milk protein content
of the crossbred Etawah goat ranges from 3.06 to
35%. Milk energy is around 2.35 MlIjliter, milk fat
averages 5.2% and lactose 5.1%. Milk fat in this
breed of animal is higher in comparison to other
breeds of goat which is around 3.5% (Brody, 1945).

Role of glucose

The need for glucose is usually estimated from
glucose-isotope dilution in blood, with the quotient
between the rate of administration of isotopic label
and the concentration of glucose label in the  body
glucose mass (specific activity) being used as the basis
for calculation of supply to the blood through various
pathways, i.e. absorbed glucose, glycogenolysis and
GNG from precursors. The data on glucose kinetics
are presented in table 3. Plasma glucose concentrations
were relatively high for all treatment groups. Even for
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the goats receiving lower planes of nutrition, GNG
from precursors originating from substances in the feed
offered such as propionate and glucogenic amino acids
were high as judged from the TQ values which were
ciose to the theoretical maximum. Even for the lowest
value obtained with the pregnant R3 group it was
12.4% corresponding to 74% of maximum potential of
GNG involving CO; fixation.

Comparing the values of Rl, R2 and R3
treatments of all groups of goats, there were
significant decreases in glucose pool size, distribution
space and flux due to lowered level of feed intake. A
positive correlation between each of these parameters
and feed intake would be expected, although such
relationship should not necessarily be with ME. Under
fasting condition (zero ME intake) glucose flux and
concentration would never be zero because homeostatic
glucogenic mechanisms are called into operation to
produce glucose from body stores and glucose
precursors. In addition, ME is not a homogeneous
entity but it represents an aggregation of nutrients or
metabolites to take part in metabolic processes. ME
could be derived from feed fibrous materials devoid of
glucogenic precursors and under such situations GNG
from feed sources could not take place. Consequently,
glucose flux would not necessarily correlate with ME
intake. Judging from the TQ values in the present
experiments, the goats received rations with a liberal
supply of glucose precursors and therefore a positive
correlation between glucose kinetics and ME could
exist.

The data on space of distribution of glucose for
animals receiving lowered ME intakes demonstrated
that glucose space could go lower than the theoretical
value of 20% BW. Values up to 30% BW indicated
distribution in a space slightly higher than exwacellular
fluid (Bergman, 1983), which were the cases with the
growing and pregnant does receiving ad libitum
feeding. Such values should be interpreted that part of
the glucose pool resides in body cells exchanging
freely with extracellular glucose (Bergman, 1983).
Under normal situations such would be parenchymal
cells of the liver and Iddneys which have high
glucogenic capacity. Active glucose production by
these cells would have caused the increase in glucose
pool and space of distribution. On the other hand, the
present authors interpret the lowered values of space
of distribution as being caused by a situation where
part of extracellular fluid glucose is unidirectionally
taken up by active organs preventing it from flowing
back freely with the main part of the glucose pool,
thus hindering them from taking part in the kinetic
mechanism. The pregnant uterus and the functioning
mammary gland would be the organs to be suspected
to cause the observed glucose Kkinetic behavior in
question. Due to large glucose demands of the
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placenta for glycogen synthesis and the inammary
gland for synthesis of milk components, glucose
molecules are moving rapidly into the parenchymal
cells causing a one way transfer without counter
balance by a release of glucose molecules back into
blood circulation.

Glucose flux is the amount of incoming glucose
into the body glucose pool which is under a steady
state situation equal to the amount leaving the pool.
Glucose requirements for maintenance (not to be
confused with the condition of MEm) are usually
obtained from data with fasting animals, and under 24
to 96 h fasting a relationship for ruminants was found
between glucose flux (G, mg/minanimal) and body
weight (BW, kg). From data appearing in the literature
for sheep and cattle, Ballard et al. (1969) found the
relationship log G=0.456+0.807 log BW. The equation
could be modified into an allometric expression:
G=2.86 kg, BW**7. Thus, beside per kg BW or per
kg BW"”, a convenient alternative standardized unit
for glucose flux would be flux per kg BW™*”. The
present data on glucose flux (table 3) revealed that the
values for R1, R2 and R3 of goats under the different
physiological states being studied were lower than the
glucose (fasting) maintenance value when calculated
using the Ballard et al. (1969) equation, even though
the goats were not fasting but consuming feed larger
than MEm. The values in mg/minkg BW™” were
2.31 (R1), 1.50 (R2) and 0.83 (R3) for the growing,
193 (R1), 0.75 (R2) and 036 (R3) for pregnant and
2.15 (R1), 1.88 (R2) and 1.14 (R3) for lactating does.
Similar values of glucose flux in Etawah crossbred
goats were observed by Manik and Sastradipradja
(1989) and Sastradipradja et al. (1994). For compari-
son, Boekholdt (1976) reported fasting glucose flux of
av. 495 mg/min for av. 465 kg cows (n=4) and av.
503 mgfmin for av. 37.8 kg sheep (n=28), correspond-
ing to respectively 3.5 and 2.68 mg/minkg BW*.
Anand (1969) found for av. 472 kg lactating cows
(n=6) before moming feeding av. flux of 793 mg/min
corresponding to 5.50 mg/minkg BW' Y. Sastradipradja
and Black (1971) reported a value of 1.97 mg/min.kg
BW corresponding to 4.18 mg/minkg BW 7 for
non-fasting lactating Toggenburg goats. For the
Javanese thin-tailed tropical single and twin pregnant
and non-pregnant ewes (n=17) Sastradipradja et al.
(1994) found flux values ranging from 36.5 to 750
mg/min, corresponding to 3.76 to 6.63 mg/minkg
BW°* the ewes were fed with grass or grass
supplemented with concentrate. From the present study
an equation was found, that above MEm intakes for
growing goats (n=12), glucose flux G (mg/min) relates
to ME (MJ/d) according to G=-2.57+4,66 ME (1=0.87).
Poor correlations were found for pregnant and lactating
does that may be caused by reasons discussed earlier.
ME seems not to be able to supply glucose precursors
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especially for those receiving restricted feed intakes.
Thus, from the fact that the Etawah goat demonstrated
low values even at ME intakes containing glucose
precursors to support production, it was concluded that
the Etawah crossbred goats have low glucose flux
values as compared to temperate ruminant species and
In comparison also to the tropical Javanese thin-tail
sheep. This trait may have implications as to the
metabolic role glucose would play to support
productive processes. An example of the possible
implication would be the situation related to long-chain
fatty acid synthesis, where glucose is needed as a
source of reducing power (NADPH). In the absence of
glucose that would supply NADPH by the
pentose-phosphate  pathway, NADPH would ©be
provided by altemative metabolic reactions, notably
from isocitric dehydro- genase reaction in the
tricarboxylic acid cycle (Preston and Leng, 1987). This
pathway would produce an excess of ATP which, in
the lactating mammary gland could be utilized for
milk (protein) synthesis. That altemative pathway may
be impossible to sustain in adipose tissue where free
energy could not find a sink and be liberated as body
heat. .

In conclusion, the present investigation with Etawah
crossbred female goats revealed that feed requirements
of the Etawah crossbred goat of the humid tropics
follow NRC recommendation (1981), but there is a
strong indication that glucose flux in this species is
low in comparison to that of temperate ruminant
breeds and the tropical thin-tail sheep, which warrants
further investigation concerning its implication as to its
role to support production. This fact is important
considering the high milk fat content of this breed of
goat.
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